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ANTITHROMBOTIC THERAPY AND PREVENTION OF THROMBOSIS, 9TH ED: ACCP GUIDELINES

  Background:    VTE is a common cause of preventable death in surgical patients. 
  Methods:    We developed recommendations for thromboprophylaxis in nonorthopedic surgical 
patients by using systematic methods as described in Methodology for the Development of Anti-
thrombotic Therapy and Prevention of Thrombosis Guidelines. Antithrombotic Therapy and Pre-
vention of Thrombosis, 9th ed: American College of Chest Physicians Evidence-Based Clinical 
Practice Guidelines in this supplement. 
  Results:    We describe several alternatives for stratifying the risk of VTE in general and abdominal-
pelvic surgical patients. When the risk for VTE is very low ( ,  0.5%), we recommend that no spe-
cifi c pharmacologic (Grade 1B) or mechanical (Grade 2C) prophylaxis be used other than early 
ambulation. For patients at low risk for VTE ( � 1.5%), we suggest mechanical prophylaxis, pref-
erably with intermittent pneumatic compression (IPC), over no prophylaxis (Grade 2C). For 
patients at moderate risk for VTE ( � 3%) who are not at high risk for major bleeding complica-
tions, we suggest low-molecular-weight heparin (LMWH) (Grade 2B), low-dose unfractionated 
heparin (Grade 2B), or mechanical prophylaxis with IPC (Grade 2C) over no prophylaxis. For 
patients at high risk for VTE ( � 6%) who are not at high risk for major bleeding complications, we 
recommend pharmacologic prophylaxis with LMWH (Grade 1B) or low-dose unfractionated hep-
arin (Grade 1B) over no prophylaxis. In these patients, we suggest adding mechanical prophylaxis 
with elastic stockings or IPC to pharmacologic prophylaxis (Grade 2C). For patients at high risk 
for VTE undergoing abdominal or pelvic surgery for cancer, we recommend extended-duration, 
postoperative, pharmacologic prophylaxis (4 weeks) with LMWH over limited-duration prophy-
laxis (Grade 1B). For patients at moderate to high risk for VTE who are at high risk for major 
bleeding complications or those in whom the consequences of bleeding are believed to be partic-
ularly severe, we suggest use of mechanical prophylaxis, preferably with IPC, over no prophylaxis 
until the risk of bleeding diminishes and pharmacologic prophylaxis may be initiated (Grade 2C). 
For patients in all risk groups, we suggest that an inferior vena cava fi lter not be used for primary 
VTE prevention (Grade 2C) and that surveillance with venous compression ultrasonography 
should not be performed (Grade 2C). We developed similar recommendations for other nonor-
thopedic surgical populations. 
  Conclusions:    Optimal thromboprophylaxis in nonorthopedic surgical patients will consider the 
risks of VTE and bleeding complications as well as the values and preferences of individual 
patients.    CHEST 2012; 141(2)(Suppl):e227S–e277S  

  Abbreviations:  CABG  5  coronary artery bypass graft;   ES  5  elastic stockings; ICH  5  intracranial hemorrhage; 
IPC  5  intermittent pneumatic compression; IVC  5  inferior vena cava; LDUH  5  low-dose unfractionated heparin; 
LMWH  5  low-molecular-weight heparin; PE  5  pulmonary embolism; QALY  5  quality-adjusted life year; RR  5  risk ratio; 
VCU  5  venous compression ultrasonography 
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 (LMWH)  (Grade 2B ), low-dose unfractionated 
heparin   (LDUH)  (Grade 2B) ,   or mechanical pro-
phylaxis, preferably with IPC  (Grade 2C) ,   over 
no prophylaxis.   

 Remarks: Three of the seven authors favored a strong 
(Grade 1B) recommendation in favor of LMWH or 
LDUH over no prophylaxis in this group. 

  3.6.4. For general and abdominal-pelvic surgery 
patients at moderate risk for VTE (3.0%; Rogers 
score,  .  10; Caprini score, 3-4) who are at high 
risk for major bleeding complications or those in 
whom the consequences of bleeding are thought 
to be particularly severe, we suggest mechan-
ical prophylaxis, preferably with IPC, over no 
prophylaxis  (Grade 2C) .  

  3.6.5. For general and abdominal-pelvic sur-
gery patients at high risk for VTE ( � 6.0%; 
Caprini score,  �  5) who are not at high risk for 
major bleeding complications, we recommend 
pharmacologic prophylaxis with LMWH  (Grade 1B) 
 or LDUH  (Grade 1B)  over no prophylaxis. We 
suggest that mechanical prophylaxis with elastic 
stockings (ES) or IPC should be added to phar-
macologic prophylaxis  (Grade 2C) .  

  3.6.6. For high-VTE-risk patients undergoing 
abdominal or pelvic surgery for cancer who 
are not otherwise at high risk for major bleed-
ing complications, we recommend extended-
duration pharmacologic prophylaxis (4 weeks) 
with LMWH over limited-duration prophylaxis  
(Grade 1B) .  

  Remarks:  Patients who place a high value on mini-
mizing out-of-pocket health-care costs might prefer 
limited-duration over extended-duration prophylaxis 
in settings where the cost of extended-duration pro-
phylaxis is borne by the patient. 

  3.6.7. For high-VTE-risk general and abdominal-
pelvic surgery patients who are at high risk 
for major bleeding complications or those in 
whom the consequences of bleeding are thought 
to be particularly severe, we suggest use of 
mechanical prophylaxis, preferably with IPC, 
over no prophylaxis until the risk of bleeding 
diminishes and pharmacologic prophylaxis may 
be initiated  (Grade 2C) .  

  3.6.8. For general and abdominal-pelvic sur-
gery patients at high risk for VTE (6%; Caprini 
score,  �  5) in whom both LMWH and unfrac-
tionated heparin are contraindicated or unavail-
able and who are not at high risk for major 

      Summary of Recommendations 

Note on Shaded Text: Throughout this guideline, 
shading is used within the summary of recommenda-
tions sections to indicate recommendations that are 
newly added or have been changed since the pub-
lication of Antithrombotic and Thrombolytic Therapy: 
American College of Chest Physicians Evidence-
Based Clinical Practice Guidelines (8th Edition). 
Recommendations that remain unchanged are not 
shaded.

  3.6.1. For general and abdominal-pelvic sur-
gery patients at very low risk for VTE ( ,  0.5%; 
Rogers score,  ,  7; Caprini score, 0), we recom-
mend that no specifi c pharmaclogic  (Grade 1B) 
 or mechanical  (Grade 2C)  prophylaxis be used 
other than early ambulation.  

  3.6.2. For general and abdominal-pelvic surgery 
patients at low risk for VTE ( � 1.5%; Rogers 
score, 7-10; Caprini score, 1-2), we suggest 
mechanical prophylaxis, preferably with inter-
mittent pneumatic compression (IPC), over no 
prophylaxis  (Grade 2C) .  

  3.6.3. For general and abdominal-pelvic sur-
gery patients at moderate risk for VTE ( � 3.0%; 
Rogers score,  .  10; Caprini score, 3-4) who are 
not at high risk for major bleeding complica-
tions, we suggest low-molecular-weight heparin  
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  6.4.2. For craniotomy patients at very high risk 
for VTE (eg, those undergoing craniotomy for 
malignant disease), we suggest adding pharma-
cologic prophylaxis to mechanical prophylaxis 
once adequate hemostasis is established and the 
risk of bleeding decreases  (Grade 2C) .  

  7.4.1. For patients undergoing spinal surgery, 
we suggest mechanical prophylaxis, prefer-
ably with IPC, over no prophylaxis  (Grade 2C) ,  
 unfractionated heparin  (Grade 2C) ,   or LMWH  
(Grade 2C) .  

  7.4.2. For patients undergoing spinal surgery at 
high risk for VTE (including those with malig-
nant disease or those undergoing surgery with 
a combined anterior-posterior approach), we 
suggest adding pharmacologic prophylaxis to 
mechanical prophylaxis once adequate hemo-
stasis is established and the risk of bleeding 
decreases  (Grade 2C) .  

  8.4.1. For major trauma patients, we suggest 
use of LDUH  (Grade 2C) ,   LMWH  (Grade 2C) ,   or 
mechanical prophylaxis, preferably with IPC  
(Grade 2C) ,   over no prophylaxis.  

  8.4.2. For major trauma patients at high risk 
for VTE (including those with acute spinal cord 
injury, traumatic brain injury, and spinal sur-
gery for trauma), we suggest adding mechan-
ical prophylaxis to pharmacologic prophylaxis  
(Grade 2C)  when not contraindicated by lower-
extremity injury.  

  8.4.3. For major trauma patients in whom 
LMWH and LDUH are contraindicated, we sug-
gest mechanical prophylaxis, preferably with 
IPC, over no prophylaxis  (Grade 2C)  when not 
contraindicated by lower-extremity injury. We 
suggest adding pharmacologic prophylaxis with 
either LMWH or LDUH when the risk of 
bleeding diminishes or the contraindication to 
heparin resolves  (Grade 2C) .  

  8.4.4. For major trauma patients, we suggest 
that an IVC fi lter should not be used for pri-
mary VTE prevention  (Grade 2C) .  

  8.4.5. For major trauma patients, we suggest 
that periodic surveillance with VCU should not 
be performed  (Grade 2C) .  

 VTE is a common cause of preventable death in 
hospitalized patients. Approximately one-third of 

the 150,000 to 200,000 VTE-related deaths per year 
in the United States occur following surgery.  1   The 

bleed ing complications, we suggest low-dose 
aspirin  (Grade 2C) ,   fondaparinux  (Grade 2C) ,   or 
mechanical prophylaxis, preferably with IPC  
(Grade 2C) ,   over no prophylaxis.  

  3.6.9. For general and abdominal-pelvic sur-
gery patients, we suggest that an inferior vena 
cava (IVC) fi lter should not be used for primary 
VTE prevention  (Grade 2C) .  

  3.6.10. For general and abdominal-pelvic sur-
gery patients, we suggest that periodic surveil-
lance with venous compression ultrasound (VCU) 
should not be performed  (Grade 2C) .  

  4.4.1. For cardiac surgery patients with an 
uncomplicated postoperative course, we sug-
gest use of mechanical prophylaxis, preferably 
with optimally applied IPC, over either no pro-
phylaxis  (Grade 2C)  or pharmacologic prophy-
laxis  (Grade 2C) .  

  4.4.2. For cardiac surgery patients whose hospi-
tal course is prolonged by one or more non-
hemorrhagic surgical complications, we suggest 
adding pharmacologic prophylaxis with LDUH 
or LMWH to mechanical prophylaxis  (Grade 2C) .  

  5.4.1. For thoracic surgery patients at moderate 
risk for VTE who are not at high risk for periop-
erative bleeding, we suggest LDUH  (Grade 2B) ,  
 LMWH  (Grade 2B) ,   or mechanical prophylaxis 
with optimally applied IPC  (Grade 2C)  over no 
prophylaxis. 

 Remarks:  Three of the seven authors favored a strong 
(Grade 1B) recommendation in favor of LMWH or 
LDUH over no prophylaxis in this group. 

  5.4.2. For thoracic surgery patients at high risk 
for VTE who are not at high risk for periopera-
tive bleeding, we suggest LDUH  (Grade 1B)  or 
LMWH  (Grade 1B)  over no prophylaxis. In addi-
tion, we suggest that mechanical prophylaxis 
with ES or IPC should be added to pharmaco-
logic prophylaxis  (Grade 2C) .  

  5.4.3. For thoracic surgery patients who are 
at high risk for major bleeding, we suggest use 
of mechanical prophylaxis, preferably with opti-
mally applied IPC, over no prophylaxis until the 
risk of bleeding diminishes and pharmacologic 
prophylaxis may be initiated  (Grade 2C) .  

  6.4.1. For craniotomy patients, we suggest that 
mechanical prophylaxis, preferably with IPC, 
be used over no prophylaxis  (Grade 2C)  or phar-
macologic prophylaxis  (Grade 2C) .  
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mate absolute numbers of expected events, we used relative risk 
estimates from randomized trials or systematic reviews of ran-
domized trials. We applied these estimates of relative risk to esti-
mates of the baseline risk of symptomatic events that we obtained 
from observational studies.  3   For example, if prophylaxis reduces 
the risk of VTE by 50%, and the baseline risk of symptomatic VTE 
in the absence of prophylaxis in a given population is 20 per 1,000 
(2%), then the absolute number of VTE events prevented is 
10 per 1,000 patients treated. 

 When weighing absolute numbers of desirable and undesirable 
events, we used explicit information about values and preferences 
for specifi c outcomes based on results of a survey of Antithrom-
botic Therapy and Prevention of Thrombosis, 9th ed: American 
College of Chest Physicians Evidence-Based Clinical Practice 
Guidelines panel members.  3   To facilitate weighing trade-offs 
between thrombotic events and bleeding complications, we fre-
quently elected to combine estimates of nonfatal PE and symp-
tomatic DVT when estimating baseline and relative risks. 

 To estimate baseline risks of VTE and bleeding events, we 
sought large, population-based, observational studies with few 
exclusions or losses to follow-up that measured objectively con-
fi rmed, patient-important outcomes over a suffi ciently long time 
horizon (1-3 months). Many studies of baseline VTE risk were lim-
ited by small samples, referral center bias, retrospective design, 
short time horizons, and missing or incomplete information about 
prophylaxis received. To estimate the expected baseline risk of VTE 
in the absence of prophylaxis, we adjusted for prophylaxis received 
by dividing the observed risk of VTE by the relative risk of VTE 
associated with prophylaxis. For example, in a retrospective study of 
1,126 plastic and reconstructive surgery patients, the observed that 
the risk of symptomatic VTE within 60 days of surgery was 1.27% 
among patients at moderate risk for VTE, all of whom received 
mechanical prophylaxis with intermittent pneumatic compression 
(IPC).  4   Assuming that the relative risk of VTE in patients who 
receive IPC compared with no prophylaxis is 0.48, the estimated 
baseline risk of VTE in the absence of prophylaxis is 2.6%. 

 Studies of bleeding risk were few in number and limited by 
small samples and heterogeneous defi nitions of major bleeding. 
When necessary, we used pooled estimates of bleeding risk from 
the control groups of randomized controlled trials. 

 Like other topic articles in these guidelines, we used the 
Grades of Recommendations, Assessment, Development, and 
Evaluation system to assess the quality of evidence and describe 
the strength of recommendations.  5-7   Accordingly, we noted when 
randomized trials were limited by unclear allocation conceal-
ment, incomplete blinding (especially for “subjective” outcomes), 
measurement of surrogate outcomes (eg, asymptomatic DVT), 
large (or differential) losses to follow-up, failure to adhere to an 
intention-to-treat analysis, stopping early for benefi t, and failure 
to report outcomes. 

 2.0 Safety and Effectiveness of 
Interventions for Thromboprophylaxis 

 Alternative interventions for thromboprophylaxis 
that have been evaluated in studies of nonorthopedic 
surgical patients include elastic stockings (ES), IPC 
devices, low-dose unfractionated heparin (LDUH), 
low-molecular-weight heparin (LMWH), fondaparinux, 
aspirin, inferior vena cava (IVC) fi lters, and surveil-
lance with venous compression ultrasonography (VCU) 
as summarized in  Tables 2-4 .  Characteristics and risk 
of bias in individual trials are summarized in Tables S2 
and S3. Additional details are provided in Appendix S1. 

high incidence of postoperative VTE and the avail-
ability of effective methods of prevention mandate 
that thromboprophylaxis should be considered in 
every surgical patient. In this article, we review the 
literature pertaining to thromboprophylaxis in nonor-
thopedic surgical patients and make recommenda-
tions for VTE prevention after explicitly weighing the 
trade-offs between the potential benefi ts and harms 
of alternative strategies for prophylaxis. 

 1.0 Methods 

 To develop recommendations for thromboprophylaxis among 
patients undergoing nonorthopedic surgery, we fi rst used the 
population, intervention, comparator, outcome format to gen-
erate a list of questions ( Table 1 ).  Through the evidence review, 
we attempted to identify all relevant studies that compared one 
or more interventions for thromboprophylaxis with any alterna-
tive (including placebo or no treatment) among nonorthopedic 
surgical patients. We favored studies or systematic reviews that 
limited inclusion to the target populations and considered indi-
rect evidence from other populations when direct evidence was 
limited in quantity or quality. 

 Preferred outcomes included death from any cause, fatal pul-
monary embolism (PE); objectively confi rmed, nonfatal, symptom-
atic PE and DVT; fatal bleeding; bleeding requiring reoperation; 
and other major bleeding. We accepted the defi nition of major 
bleeding used in each study, recognizing that there would be sub-
stantial heterogeneity in defi nitions across studies. When symp-
tomatic VTE events were few in number or not reported, we used 
information about asymptomatic, proximal DVT, preferably when 
detected or confi rmed by ultrasonography or venography. In some 
cases in which better-quality evidence was not available, we used 
information about asymptomatic DVT detected by radioactive 
fi brinogen uptake, recognizing that the sensitivity and specifi city 
of this test are poor. 

 The Oregon Evidence-Based Practice Center updated the lit-
erature review from the prior edition of these guidelines by 
searching Medline, the Cochrane Controlled Trials Register, and 
the Cochrane Database of Systematic Reviews for all randomized 
trials, observational studies, and systematic reviews of thrombo-
prophylaxis in surgical patients published between January 1, 
2005, and November 4, 2009 (Table S1). (Tables and fi gures that 
contain an “S” before the number and any appendices denote 
supplementary information not contained in the body of the 
article and available instead in an online data supplement. See the 
“Acknowledgments” for more information.) We performed addi-
tional searches through December 31, 2010. In addition, we 
searched other online resources, including Trial Results Center  2  ; 
retrieved original reports from articles that were included in prior 
systematic reviews, scanned reference lists of retrieved articles, 
and shared articles from our personal fi les with one another and 
with authors of other prevention topic articles in this supplement. 

 We abstracted relevant information from each study regarding 
study characteristics, risk of bias, and results. When available, we 
collected this information from published systematic reviews. 
When desired information was not available in a published sys-
tematic review, we used data from individual studies or pooled 
data across studies using random-effects models and RevMan 
statistical software (Cochrane Information Management System), 
as appropriate. 

 When formulating recommendations, we considered trade-offs 
between desirable and undesirable patient-important outcomes 
by comparing the absolute numbers of expected events. To esti-
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tomatic proximal DVT (OR, 0.84; 95% CI, 0.53-1.31) 
were neither confi rmed nor excluded, but use of ES 
was associated with a fourfold increase in the risk of 
skin complications (5.1% vs 1.3%), including breaks, 
ulcers, blisters, and necrosis.  26   A subsequently pub-
lished trial of thigh-length stockings vs calf-length 
stockings found that thigh-length stockings reduced 
the risk of symptomatic or asymptomatic proximal 
DVT by 31%, an absolute difference of 2.5 per-
centage points.  29   In this study, skin complications 
were observed in 3.9% of patients in the thigh-length 
ES group. The incidence of skin complications with 
ES in nonorthopedic surgical patients is likely to be 
lower than that observed in these trials of elderly 
patients with stroke who wore stockings for up to 
30 days. 

 2.2 IPC vs No Prophylaxis 

 Several meta-analyses have compared IPC and 
no prophylaxis in mixed surgical populations.  23-25   

 2.1 ES vs No Prophylaxis 

 A Cochrane review summarized results of eight 
older trials of ES vs no prophylaxis, including four 
trials in general surgery and one trial each in ortho-
pedic, cardiac, gynecologic, and   neurosurgery.  27   The 
studies had many limitations, including small sam-
ples, incomplete blinding, uncertain concealment of 
treatment allocation, and use of fi brinogen leg scan-
ning to identify asymptomatic DVT. Across all trials, 
ES reduced the odds of DVT (including distal and 
asymptomatic DVT) by 65%. A previous meta-analysis 
reported similar results for all DVT, but reductions 
in proximal DVT and PE were neither confi rmed nor 
excluded.  24   

 More recently, a large, multicenter, randomized con-
trolled trial in patients with acute stroke provided 
additional, indirect evidence by comparing thigh-
length ES plus routine care with routine care alone 
(including the use of heparin, warfarin, or alteplase in 
12% of participants). Reductions in the risk of fatal or 
nonfatal PE (OR, 0.65; 95% CI, 0.32-1.31) and symp-

 Table 3— Relative Risk Estimates From Published Systematic Reviews and Selected Randomized 
Trials of Mechanical Prophylaxis  

Study/Year and Population PE Symptomatic DVT Asymptomatic DVT (Any) Asymptomatic Proximal DVT

IPC vs no prophylaxis
Vanek  23  /1998 0.89 ( P   5  .82) NA 0.38 ( P   ,  .001) 0.43 ( P   ,  .001)
Mixed surgery
Roderick et al  24  /2005 NS NA 0.34 (0.20-0.48) 0.48 (0.22-0.74)
Mixed medicine/surgery
Urbankova et al  25  /2005 1.12 (0.53-2.35) NA 0.40 (0.29-0.56) NA
Mixed surgery
Collen et al  10  /2008 0.37 (0.03-4.06) NA 0.41 (0.21-0.78) NA
Neurosurgery

ES vs no prophylaxis
Roderick et al  24  /2005 NS NA 0.34 (0.14-0.54) 0.36 (0-1.30)
Mixed medicine/surgery
CLOTS1  26  /2009 0.65 (0.32-1.31) 0.90 (0.62-1.31) 0.90 (0.73-1.11) 1.01 (0.74-1.36)
Acute stroke
Sachdeva et al  27  /2010 0.13 (0-6.68) NA 0.35 (0.26-0.47) NA
Mixed surgical

IPC vs ES
Vanek  23  /1998 1.47 ( P   5  .71) NA 0.53 ( P   5  .04) 0.74 ( P   5  .56)
Mixed surgery
Collen et al  10  /2008 0.49 (0.08-2.85) NA 0.81 (0.32-1.78) NA
Neurosurgery

Add ES to pharmacologic prophylaxis
Sachdeva et al  27  /2010 0.36 (0.13-0.99) NA 0.25 (0.17-0.36) NA
Mixed medicine and surgery
Reanalysis of data from Roderick, 

Sachdeva, Kakkar et al  18  
0.43 (0.16-1.18) NA 0.40 (0.25-0.65) 0.28 (0.09-0.87)

Add IPC to pharmacologic prophylaxis
Reanalysis of data from Roderick, 

Sachdeva, Kakkar
0.57 (0.16-2.0) NA 0.45 (0.20-1.03) 1.04 (0.29-3.79)

Add any mechanical prophylaxis to pharmacologic prophylaxis
Reanalysis of data from Roderick, 

Sachdeva, Kakkar
0.48 (0.22-1.05) NA 0.41 (0.27-0.62) 0.50 (0.21-1.16)

Data are presented as relative risk (95% CI), unless otherwise indicated. CLOTS1  5  Clots in Legs or Stockings after Stroke; NS  5  not signifi cant. 
See Table 1 and 2 legends for expansion of other abbreviations.
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eight studies were open label, and of three studies 
that reported symptomatic VTE, only one was poten-
tially biased by the routine use of fi brinogen leg scan-
ning to identify asymptomatic DVT. In the control 
groups, the pooled (baseline) risks of clinical PE, 
clinical VTE, and death were 0.5%, 0.9%, and 0.9%, 
respectively. Compared with no prophylaxis, LMWH 
reduced the risk of clinical PE and clinical VTE 
by  � 70%. In addition, LMWH was associated with a 
possible reduction in the risk of death from any cause 
(risk ratio [RR], 0.54; 95% CI, 0.27-1.10). LMWH 
led to an approximate doubling of the risks of major 
bleeding (RR, 2.03; 95% CI, 1.37-3.01) and wound 
hematoma (RR, 1.88; 95% CI, 1.54-2.28). Similar 
results were reported in the more recent meta-analysis 
by the British National Collaborating Centre for Acute 
Care, which included studies of GI, gynecologic, uro-
logical, and thoracic surgery.  32   

 2.5 LMWH vs LDUH 

 A meta-analysis of 51 randomized controlled trials 
compared LMWH and LDUH in  .  48,000 general 
and abdominal surgery patients.  13   About one-third 
of the studies were open label, and a majority used 
fi brinogen uptake scanning (with or without confi r-
matory venography) to identify asymptomatic DVT. 
In most studies, follow-up was for either 7 days or 
1 month. Across all studies that reported clinical 
VTE events, the risk was  � 30% lower in the LMWH 
groups. However, this difference was not apparent 
when the analysis was restricted to blinded, placebo-
controlled trials. In addition, results failed to demon-
strate or to exclude a benefi cial effect of LMWH 
vs LDUH on clinical PE, death from any cause, major 
bleeding, and wound hematoma. Similar results were 
reported in the meta-analysis by the British National 
Collaborating Centre for Acute Care.  32   

 2.6 Extended- vs Limited-Duration LMWH 

 The risk of VTE remains elevated for at least 
12 weeks following surgery. A population-based, pro-
spective study from the United Kingdom reported 
that compared with no surgery, the risk of VTE 
remained 10 to 50 times higher in weeks 7 to 12 
following inpatient surgery.  33   In another study, the 
median time to postoperative VTE was 65 days.  34   
Several studies compared extended-duration pro-
phylaxis with LMWH (typically for 4 weeks) with 
limited-duration prophylaxis. Three systematic reviews 
summarized the results of these studies.  15-17   Study 
limitations include an open-label design in two studies 
and measurement of asymptomatic DVT by venog-
raphy as a surrogate outcome. All three analyses con-
cluded that extended-duration prophylaxis reduced 

Urbankova et al  25   identifi ed 15 trials, including fi ve in 
orthopedics, four in general surgery, three in oncologic 
surgery, three in neurosurgery, and one in urology. 
Roderick et al  24   identifi ed 19 trials, including fi ve in 
general surgery, fi ve in orthopedics, fi ve in neurosur-
gery, two in gynecology, one in urology, and one in 
trauma. Many studies were limited by small samples, 
lack of blinding, unclear concealment of allocation 
sequence, and use of fi brinogen leg scanning (or less 
commonly, ultrasound or venography) to identify asymp-
tomatic DVT, although DVT was subsequently con-
fi rmed by venography in most of the studies that 
used fi brinogen scanning. Both analyses found that 
compared with no prophylaxis, IPC reduced the risk 
of DVT (including asymptomatic and distal DVT) by 
60%. In the analysis that examined proximal DVT, IPC 
reduced the odds by 50%.  24   Results failed to demon-
strate or to exclude an effect on PE.  25   Other outcomes 
(fatal PE, skin complications) were not reported. 

 Adherence with IPC often is less than optimal. 
However, in one randomized trial of patients with 
acute spinal cord injury, 90% of participants were noted 
to use IPC for at least 75% of the recommended 22 h 
per day.  30   In another study, adherence with IPC was 
assessed at six times over a 24-h period in 227 nonam-
bulatory trauma patients.  31   Although full adherence 
was noted in only 19% of patients, overall adherence 
across all six measurements was 53%. 

 2.3 Unfractionated Heparin vs No Prophylaxis 

 Low doses (10,000-15,000 units/d) of subcutane-
ously administered unfractionated heparin have been 
evaluated in numerous randomized controlled studies 
in heterogeneous surgical populations. Moderate- to 
high-quality evidence comes from a meta-analysis 
that analyzed data from 69 studies of LDUH pro-
phylaxis in general surgery, urological surgery, and 
orthopedic surgery.  9   Many of the studies were limited 
by lack of blinding, unclear concealment of treatment 
allocation, and use of fi brinogen leg scanning to iden-
tify asymptomatic DVT. However, results were con-
sistent with those from the International Multicenter 
Trial, a large randomized controlled trial with a low 
risk of bias.  8   In our reanalysis of data from this meta-
analysis, we found that LDUH was associated with an 
18% reduction in the odds of death from any cause, a 
47% reduction in the odds of fatal PE, and a 41% 
reduction in the odds of nonfatal PE, along with a 
57% increase in the odds of nonfatal major bleeding 
(Figs S1-S5). 

 2.4 LMWH vs No Prophylaxis 

 A meta-analysis summarized data from eight trials 
of fi ve different preparations of LMWH vs no pro-
phylaxis in general or abdominal surgery.  13   Two of 
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other abdominal surgery.  19   In this study, the risk of 
any VTE (including asymptomatic DVT) was 69% 
lower in the fondaparinux group, and fondaparinux 
was associated with a possible reduction in the risk 
of proximal DVT (RR, 0.14; 95% CI, 0.02-1.14), but 
there was only one case of symptomatic VTE in each 
of the treatment groups. Major bleeding was more 
common among those who received fondaparinux (RR, 
10.2; 95% CI, 1.31-79.7), but differences between 
the groups in fatal bleeding and bleeding requiring 
reoperation were neither confi rmed nor excluded. 

 2.9 Low-Dose Aspirin (160 mg) vs No Prophylaxis 

 Perioperative use of low-dose aspirin was studied 
in orthopedic surgical patients in the PEP (Pulmo-
nary Embolism Prevention) trial, a blinded, placebo-
controlled study of  .  13,000 patients undergoing hip 
fracture surgery and almost 4,100 patients under-
going elective arthoplasty.  21   The treatment group 
received aspirin 160 mg/d for 35 days, with the fi rst 
dose chewed prior to surgery. In our reanalysis of 
data from both hip fracture and elective arthroscopy 
patients (Figs S6-S11), benefi ts included a 28% reduc-
tion in the risk of nonfatal symptomatic DVT (RR, 
0.72; 95% CI, 0.53-0.96) and a 58% reduction in the 
risk of fatal PE (RR, 0.42; 95% CI, 0.25-0.72), whereas 
harms included a possible increase in the risk of 
nonfatal myocardial infarction (RR, 1.59; 95% CI, 
0.98-2.57). Differences between aspirin and placebo 
were neither confi rmed nor excluded for other outcomes. 

 Strengths of the PEP trial include the very large 
sample, adequate blinding of patients and outcome 
adjudicators, adequate concealment of the allocation 
sequence, complete follow-up, and reporting of well-
defi ned clinically important outcomes. However, 
although several types of nonfatal bleeding compli-
cations were reported, it is somewhat diffi cult to 
assess their severity. A potentially more important 
limitation is uncertainty about whether the results 
are applicable to nonorthopedic surgical patients. 
There have been no studies of low-dose aspirin 
in nonorthopedic surgical patients, and we consider 
higher doses of aspirin to be a distinct intervention 
with uncertain risks and benefi ts (Figs S12-S23). 
Because of concerns about indirectness, attendees at 
the AT9 fi nal conference voted that low-dose aspirin 
should not be an alternative for pharmacologic pro-
phylaxis in most nonorthopedic surgical patients. 
Our recommendations for low-dose aspirin, therefore, 
apply only in circumstances in which LDUH and 
LMWH are contraindicated or not available. 

 2.10 Mechanical vs Pharmacologic Prophylaxis 

 A meta-analysis identifi ed 16 studies that com-
pared mechanical prophylaxis with either LDUH or 

the risk of symptomatic or asymptomatic DVT by 
at least 50%, and two reported that proximal DVT 
was reduced by 75%. Results failed to demonstrate 
or exclude differences between groups in other out-
comes, including major bleeding and death. 

 More recently, a multicenter, randomized, blinded, 
placebo-controlled trial compared an additional 3 weeks 
of pharmacoprophylaxis with bemiparin with no addi-
tional prophylaxis in 626 patients who underwent 
abdominal or pelvic surgery for cancer, all of whom 
received  � 1 week of prophylaxis with once-daily 
bemiparin.  18   Surveillance venography was performed 
after 3 weeks, and patients were followed for clin-
ical events for as long as 3 months. Approximately 
20% of patients were excluded from assessment 
of the primary end point because venography was 
inadequate or not performed. The primary outcome 
was a composite of any DVT (including asymptom-
atic and distal events), nonfatal PE, and death from 
any cause. Although the risk of the composite out-
come was 24% lower and the risk of proximal DVT 
was 88% lower in the extended-duration prophylaxis 
group, there were no symptomatic, nonfatal VTE events 
in either group. Although results failed to demon-
strate or exclude a difference in bleeding, major bleed-
ing was very uncommon, suggesting that any true 
underlying absolute differences will be small. 

 2.7 Fondaparinux vs LMWH 

 Fondaparinux was compared with the LMWH 
dalteparin in a blinded, randomized controlled trial 
of 2,927 patients at high risk for VTE who underwent 
abdominal (primarily GI) surgery.  20   Fondaparinux 
was associated with a possible reduction in asymp-
tomatic or symptomatic DVT (RR, 0.75; 95% CI, 
0.52-1.09), but results failed to demonstrate or exclude 
differences in the risks of fatal PE and nonfatal symp-
tomatic VTE. There was a possible increase in the 
risk of nonfatal major bleeding with fondaparinux 
(RR, 1.43; 95% CI, 0.93-2.21), but differences in the 
risks of fatal bleeding and bleeding requiring reopera-
tion were neither confi rmed nor excluded. 

 Moderate-quality evidence from studies of patients 
undergoing elective hip replacement, elective knee 
replacement, and hip fracture surgery, when pooled 
with results of the previous study  20   in abdominal sur-
gery, suggests that when compared with LMWH, 
fondaparinux does not reduce patient-important VTE 
events but leads to more major bleeding events.  35   

 2.8 Fondaparinux Plus IPC vs IPC Alone 

 Another placebo-controlled study compared fonda-
parinux plus IPC with IPC alone in 1,309 patients 
who underwent major GI, gynecologic, urological, or 
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subgroups defi ned by surgical population (general and 
abdominal vs orthopedic), background agent used for 
pharmacoprophylaxis, whether the allocation sequence 
was adequately concealed, and whether there was 
blinded assessment of outcomes. Reductions in symp-
tomatic or asymptomatic DVT differed depending 
on the test or tests used to identify and confi rm DVT, 
with greater magnitudes of benefi t observed in studies 
that used ultrasound (with or without confi rmatory 
venography) or fi brinogen uptake with confi rmatory 
venography than in those that used fi brinogen uptake 
or venography alone (Figs S28-S47). 

 2.12 IVC Filter vs No IVC Filter 

 The highest-quality evidence regarding the effec-
tiveness of IVC fi lters is indirect, coming from a ran-
domized controlled trial that compared IVC fi lter 
placement to no fi lter placement in patients with 
objectively confi rmed, symptomatic, proximal DVT. 
In this study, fi lter placement was associated with a 
78% reduction in the odds of symptomatic or asymp-
tomatic PE at day 12, but after 2 years, there was an 
87% increase in the odds of DVT, and a difference 
in PE was neither confi rmed nor excluded.  51   After 
8 years of follow-up, a 9% absolute reduction in the 
risk of PE was offset by a 10% absolute increase in 
the risk of DVT.  52   

 More direct, but lower-quality evidence comes 
from a large, prospective cohort study that used pro-
pensity scoring methods to compare VTE outcomes 
among bariatric surgery patients with and without 
IVC fi lters.  53   Before propensity adjustment, patients 
with IVC fi lters had higher rates of postoperative 
VTE and death or serious disability. Following pro-
pensity adjustment, the difference in postoperative 
VTE was no longer statistically signifi cant, but the 
risk of death or serious disability remained 2.5 times 
higher in the fi lter group. 

 A systematic review of seven nonrandomized stud-
ies in trauma reported that the pooled odds of PE 
were 79% lower (OR, 0.21; 95% CI, 0.09-0.49) among 
patients who received an IVC fi lter compared with 
historical control subjects who were variably matched 
for type of injury, age, sex, injury severity, and VTE 
risk.  54   A previous systematic review of 16 case series 
reported the following pooled risks after IVC fi lter 
placement: PE, 0.6%; DVT, 9.3%; insertion site 
thrombosis, 2%; IVC occlusion or thrombosis, 1.6%; 
placement complications, 1.4%; and fi lter migration, 
0.4%.  55   Thus, although placement of an IVC fi lter 
probably reduces the risk of PE over the short term, 
complications appear to be frequent, and long-term 
benefi ts are unclear. Although retrievable fi lters have 
the potential to reduce long-term complications, they 
often are not removed. 

LMWH, including seven studies in general or 
abdominal-pelvic surgery, six in orthopedics, and 
three in trauma.  28   Studies compared heparin with IPC 
(nine studies), foot pump (four studies), or ES (three 
studies). Sample sizes ranged from 51 to  .  2,000 par-
ticipants. Patients and treating physicians were not 
blinded to treatment assignment, and radiologists were 
blinded in only six studies. Follow-up ranged between 
3 and 6 weeks in most studies. When results from all 
studies were pooled, a difference in the risk of DVT 
(including asymptomatic and distal DVT) was neither 
confi rmed nor excluded (RR, 1.07; 95% CI, 0.72-1.61). 
However, when the analysis was restricted to eight 
studies that compared mechanical prophylaxis with 
LMWH, the risk of DVT was 80% higher in the 
mechanical prophylaxis group (RR, 1.80; 95% CI, 
1.16-2.79). The risk of major bleeding complications 
was 57% lower in those who received mechanical 
prophylaxis, with no difference in the relative risk of 
bleeding between studies of LDUH and LMWH. 

 2.11 Mechanical Prophylaxis Plus Pharmacologic 
Prophylaxis vs Pharmacologic Prophylaxis Alone 

 Ten studies compared ES plus pharmacologic pro-
phylaxis with pharmacologic prophylaxis alone, includ-
ing six in general or abdominal surgery  36-41   and four 
in orthopedics.  42-45   Background (pharmacologic) pro-
phylaxis included LDUH in fi ve studies, dextran in 
three studies, LMWH in one study, and aspirin in 
one study. Many of the studies were limited by small 
samples, incomplete blinding, uncertain conceal-
ment of the allocation sequence, and measurement 
of surrogate outcomes (Table S4). Pooling the results 
of these studies, we found that the addition of ES 
resulted in a 60% reduction in DVT (including asymp-
tomatic and distal DVT) and a 72% reduction in prox-
imal DVT, but a difference in the risk of PE was 
neither confi rmed nor excluded (OR, 0.43; 95% CI, 
0.16-1.18) (Figs S24-S27). 

 Five studies compared IPC plus pharmacologic 
prophylaxis with pharmacologic prophylaxis alone, 
including four studies in orthopedics and one study in 
general surgery.  46-50   Background prophylaxis included 
LMWH (two studies), LDUH (one study), dextran 
(one study), and aspirin (one study). Once again, 
most studies were limited by small samples, incom-
plete blinding, unclear concealment of the allocation 
sequence, and measurement of surrogate outcomes. 
Pooled results across all fi ve studies revealed a pos-
sible reduction in symptomatic or asymptomatic DVT 
(OR, 0.45; 95% CI, 0.20-1.03), but differences in prox-
imal DVT or PE were neither confi rmed nor excluded 
(Figs S24-S27). 

 For studies of both ES and IPC, reductions in symp-
tomatic or asymptomatic DVT were similar across 
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Finally, one study compared enoxaparin and fonda-
parinux and reported that total hospital charges were 
higher for patients treated with enoxaparin.  68   

 3.0 Risk Stratification, Rationale for 
Prophylaxis, and Recommendations 

in General, Abdominal-Pelvic, 
Bariatric, Vascular, and Plastic 

and Reconstructive Surgery 

 We divide the remainder of the article into sections 
based on surgical specialty and body region. We dis-
cuss relevant information about risk factors and risk 
stratifi cation for thrombosis and bleeding, provide 
recommendations, and explain their rationale. Addi-
tional details are provided in the Appendix   S1 and 
Tables S7 and S8. 

 3.1 Target Population: General and 
Abdominal-Pelvic Surgery, Including GI Surgery, 
Gynecologic Surgery, and Urological Surgery 

 This section covers general and abdominal-pelvic 
surgery. This group includes patients undergoing GI, 
urological, and gynecologic surgery as well as other 
general surgery patients (including those having 
operations on the breast and thyroid and parathyroid 
glands). 

 3.1.1 Baseline Risk, Risk Factors, and Risk Strati-
fi cation for VTE:   In patients undergoing general and 
abdominal-pelvic surgery, the risk of VTE varies depend-
ing on both patient-specifi c and procedure-specifi c 
factors. Examples of relatively low-risk procedures 
include laparoscopic cholecystectomy, appendectomy, 
transurethral prostatectomy, inguinal herniorrhaphy, 
and unilateral or bilateral mastectomy.  69-76   Open-
abdominal and open-pelvic procedures are associated 
with a higher risk of VTE.  75,77   VTE risk appears to 
be highest for patients undergoing abdominal or pel-
vic surgery for cancer.  71,75,78,79   A comprehensive list 
of population-based, procedure-specifi c estimates of 
the 91-day risk of clinically diagnosed VTE has been 
compiled from the California Patient Discharge Data 
Set.  76   

 Patient-specifi c factors also determine the risk of 
VTE, as demonstrated in several relatively large stud-
ies of VTE in mixed surgical populations. Indepen-
dent risk factors in these studies include age  .  60 years, 
prior VTE, and cancer  80  ; age  �  60 years, prior VTE, 
anesthesia  �  2 h, and bed rest  �  4 days  78  ; older age, 
male sex, longer length of hospital stay, and higher 
Charlson comorbidity score  34  ; and sepsis, pregnancy 
or postpartum state, central venous access, malignancy, 
prior VTE, and inpatient hospital stay  .  2 days.  81   
In another study, most of the moderate to strong 

 2.13 VCU vs No VCU 

 Most studies of surveillance VCU have been per-
formed in trauma patients. These patients often have 
contraindications to pharmacologic and mechanical 
prophylaxis, and the risk of VTE may be high even 
when prophylaxis is used.  56-59   However, it is not clear 
that using VCU to detect and treat asymptomatic 
DVT reduces the risk of PE or fatal PE. Some studies 
have demonstrated that PE can occur even when 
VCU is negative.  60,61   A large retrospective study from 
a single center reported that over a 6-year period 
ending in 2000, the frequency of surveillance VCU 
decreased from 32% to 3.4%, with no increase in 
the incidence of PE.  61   Furthermore, compared with 
venography,  .  50% of the apparently positive fi nd-
ings on surveillance VCU may be false positives,  30   
and the potential risks associated with treating false-
positive fi ndings are substantial. 

 2.14 Economic Evaluations of Interventions 
for Thromboprophylaxis 

 At least seven studies have examined economic 
outcomes associated with thromboprophylaxis in non-
orthopedic surgical patients (Tables S5, S6). Most 
used a decision analysis approach and assumed a 
societal perspective in which all costs were consid-
ered. None of the results met prespecifi ed criteria for 
upgrading or downgrading recommendations on the 
basis of resource use considerations.  3   

 One study compared ES, IPC, LDUH, and no 
prophylaxis. Compared with no prophylaxis, ES 
saved 28 lives and reduced costs by $335,000 per 
10,000 patients treated. Compared with ES, IPC 
saved six additional lives and cost an additional 
$413,000 per 10,000 patients treated, whereas LDUH 
saved seven additional lives and cost an additional 
$568,000 per 10,000 patients treated.  62   

 Four studies compared LMWH with LDUH in 
different surgical populations (colorectal, general, 
gynecologic, and abdominal surgery) within different 
health-care systems (Ontario, Canada; Germany; US 
Medicare).  63-66   In two of these studies,  63,65   total costs 
associated with LMWH treatment were marginally 
higher than those for LDUH. In contrast, in a study 
of general surgical patients in Germany,  64   LMWH 
was more effective than LDUH by 0.01 quality-
adjusted life years (QALYs) and was less expensive by 
$160 per patient treated. In another study in abdom-
inal surgery patients that used Medicare reim-
bursement as a proxy for costs,  66   LMWH prophylaxis 
with dalteparin 5,000 units/d cost $21,800 per QALY 
gained relative to LDUH. One study compared 
LMWH plus IPC with IPC alone in gynecologic sur-
gery patients and found that LMWH plus IPC cost 
between $7,200 and $20,000 per QALY gained.  67   
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independent risk factors for VTE were surgical com-
plications, including urinary tract infection, acute renal 
insuffi ciency, postoperative transfusion, perioperative 
myocardial infarction, and pneumonia.  77   

 Risk stratifi cation for VTE is challenging but essen-
tial and requires consideration of both patient- and 
procedure-specifi c risk factors. Although several models 
for risk stratifi cation exist, all have important limita-
tions. In the absence of rigorously developed and 
extensively validated risk assessment models, clini-
cians should consider the following options as a 
guide for decision making that should be adapted 
to individual patient circumstances.  Table 5   summa-
rizes the fi ndings of two risk assessment models in 
three different surgical populations and provides 
rough estimates for the baseline risk of VTE (in the 
absence of prophylaxis) in very-low-, low-, moderate-, 
and high-risk patients. 

 One rigorously developed model used data from 
183,069 patients in the Patient Safety in Surgery 
Study who underwent general, vascular, and thoracic 
procedures at one of 128 Veterans Administration 
medical centers or 14 private sector hospitals between 
2002 and 2004.  82   This model assigned points (the 
Rogers score) to variables that were found to be 
independent predictors of VTE risk, including type 
of operation, work relative value units, patient char-
acteristics, and laboratory values ( Table 6 ).  Using this 
model, the risk of symptomatic VTE varied from very 
low (0.1%) to low ( � 0.5%) to moderate ( � 1.5%) in 
both development and validation samples ( Table 5 ). 
Unfortunately, this model is somewhat cumbersome 
to use and has not been externally validated. In addi-
tion, information was not provided about how many 
patients received prophylaxis. It is likely that at least 
some patients received mechanical prophylaxis, phar-
macologic prophylaxis, or both, which may help to 
explain the relatively low observed risk of VTE. 

 Another model (the Caprini score) estimates VTE 
risk by adding points for various VTE risk factors, 
as shown in  Table 7 .   83,84   In our adaptation of this 
model, VTE risk is categorized as being very low 
(0-1 point), low (2 points), moderate (3-4 points), or 
high ( �  5 points). Although this model was not devel-
oped using rigorous statistical methods, and includes 
some variables that were later found not to be 
associated with VTE risk,  81   it is relatively easy to use 
and appears to discriminate reasonably well among 
patients at low, moderate, and high risk for VTE. 

 The Caprini score was validated in a large retro-
spective study in a sample of general, vascular, and 
urological surgery patients.  81   This study included a 
representative sample of surgical patients, avoided 
exclusions, minimized losses to follow-up and was 
therefore judged to have a low risk of bias. In addi-
tion, the investigators collected information about 

prophylaxis received, which enabled us to adjust for 
this and estimate what the baseline risk of VTE would 
have been in the absence of prophylaxis ( Table 5 ). 
The Caprini score has also been validated in a sam-
ple of plastic and reconstructive surgery patients.  4   
Although neither the Caprini score nor the Rogers 
score has yet been validated specifi cally in gyneco-
logic surgery patients, we believe that these patients 
are suffi ciently similar to other abdominal and pelvic 
surgery patients to permit generalization. 

 To derive estimates of the baseline risk of VTE 
across risk groups, we used the observed risks of VTE 
reported in the validation study by Bahl et al  81   and 
adjusted for prophylaxis received. As shown in  Table 5 , 
the estimated baseline risks of VTE were  ,  0.5%, 
1.5%, 3.0%, and 6.0% in patients at very low, low, 
moderate, and high risk for VTE, respectively (after 
adjusting for prophylaxis received). To estimate the 
baseline risk of fatal PE, we assumed that the ratio 
of fatal PE to nonfatal PE was  � 20%  9   and further 
assumed that this ratio did not vary across low-, 
moderate-, and high-VTE risk categories. 

 3.1.2 Baseline Risk, Risk Factors, and Risk Strati-
fi cation for Major Bleeding Complications:   Relatively 
little research has attempted to identify risk factors 
for thromboprophylaxis-related bleeding in general 
or abdominal-pelvic surgery, although a few studies 
have identifi ed risk factors in patients undergoing 
gastric cancer surgery,  85   pancreaticoduodenectomy,  86   
partial hepatic resection,  87   and mixed abdominal sur-
gery ( Table 8 ).  88     

 In the absence of data from large, prospective, 
population-based observational studies, the baseline 
risk of bleeding can be derived from the control 
(placebo or no pharmacologic prophylaxis) groups 
in randomized trials. However, most randomized 
controlled trials of pharmacoprophylaxis exclude 
patients who are believed to be at increased risk 
for bleeding. With that limitation in mind, we esti-
mated the aver age baseline risk of major bleeding in 
the absence of prophylaxis by using the pooled risk 
from the control groups in seven randomized trials 
of LMWH as reported in a meta-analysis.  13   In our 
reanalysis of these data, the pooled (random effects) 
risk of major bleeding in the control groups was 
1.2% (95% CI, 0.9%-1.7%). Another meta-analysis 
reported that the mean risk of wound hematoma and 
bleeding requir ing reoperation in the control groups 
of randomized trials of thromboprophyaxis with 
LDUH or LMWH were 0.8% and 0.7%, respec-
tively.  95   When making trade-offs between benefi ts and 
harms of pharmacologic prophylaxis, we estimated 
that the baseline risk of major bleeding is 1.8 times 
greater in high-risk patients based on data from 
Cohen et al.  96   
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VTE. A systematic review of 37 studies of varying 
design concluded that obesity is a risk factor for VTE 
in both medical and bariatric surgical patients.  89   Across 
11 studies of bariatric surgery patients, the median 
incidence of symptomatic VTE and fatal PE were 
2.4% and 0.3%, respectively. In most studies, patients 
received some form of prophylaxis, most often a com-
bination of mechanical and pharmacologic methods, 
so the baseline risk is almost certainly higher. In 
the International Bariatric Surgery Registry, PE was 
the most common cause of postoperative death, 
accounting for 30% of all mortal events.  97   Reported 
risk factors for postoperative VTE following bariat-
ric surgery include higher BMI,  97-104   older age,  53,105,106   
male sex,  98,103,104   obstructive sleep apnea or obesity 
hypoventilation syndrome,  98,102,103,107   and a history of 
VTE.  100,102,103,108   Although these characteristics may help 
to identify bariatric surgery patients who are at espe-
cially high risk, virtually all bariatric surgery patients 
will have a Caprini score of at least 4 and, therefore, 
be at least at moderate risk for VTE, and many will 
have an even higher score that places them in the 
high-risk category. Although we did not identify stud-
ies that specifi cally addressed the risk of bleeding 
complications following bariatric surgery, we provide 
a list of potential risk factors as a guide ( Table 8 ). 

 3.3 Target Population: Vascular Surgery 

 Eight small randomized controlled trials of throm-
boprophylaxis have been performed in vascular sur-
gery (Tables S2, S3).  109-116   Most enrolled patients 
undergoing diverse vascular procedures, but two stud-
ied patients undergoing aortic surgery,  109,115   and one 
enrolled patients undergoing lower-extremity ampu-
tation.  116   Three studies compared LDUH (with or 
without IPC) to no prophylaxis, one compared aspi-
rin to no prophylaxis, and three compared LDUH to 
LMWH. One study compared LDUH, LDUH plus 
ergotamine, and dextran.  112   Studies were limited by 
small samples, incomplete blinding, unclear conceal-
ment of treatment allocation, and inconclusive results 
(Figs S48-S51). Because of these limitations, we apply 
more-precise estimates of relative risk from higher-
quality studies in general and abdominal-pelvic sur-
gery when making recommendations for vascular 
surgery patients. 

 3.3.1 Baseline Risk, Risk Factors, and Risk Strati-
fi cation for VTE:   In vascular surgery, infl ammation, 
stasis, and hypercoagulability are at least partially 
mitigated by intraoperative anticoagulation and early 
postoperative mobilization. Other unique consid-
erations include a relative contraindication to mechan-
ical prophylaxis in some vascular patients who undergo 
lower-limb bypass procedures. Although numerous 
observational studies have examined VTE risk in 

 3.2 Target Population: Bariatric Surgery 

 Despite the explosion in the number of bariatric 
surgical procedures over the past 2 decades, few 
randomized controlled trials have evaluated inter-
ventions for VTE prophylaxis in these patients. Low-
quality evidence comes from a number of uncontrolled 
and nonrandomized controlled studies (Table S9). 
We elected to apply higher-quality evidence about 
relative risks from randomized controlled trials in 
patients undergoing abdominal and pelvic surgery 
(section 3.1.2) when making recommendations for 
bariatric surgery patients, most of whom are at high 
risk for VTE. 

 3.2.1 Baseline Risk, Risk Factors, and Risk Stratifi ca-
tion for VTE and Major Bleeding Complications:   Obe-
sity and perioperative stasis and hypercoagulability 
place most bariatric surgery patients at high risk for 

 Table 6— Risk Assessment Model From the Patient 
Safety in Surgery Study  

Risk Factor Risk Score Points

Operation type other than endocrine
 Respiratory and hernic 9
 Thoracoabdominal aneurysm, embolectomy/ 

  thrombectomy, venous reconstruction, 
and endovascular repair

7

 Aneurysm 4
 Mouth, palate 4
 Stomach, intestines 4
 Integument 3
 Hernia 2
ASA physical status classifi cation
 3, 4, or 5 2
 2 1
Female sex 1
Work RVU
  .  17 3
 10-17 2
Two points for each of these conditions 2
 Disseminated cancer
 Chemotherapy for malignancy within 30 d 

 of operation
 Preoperative serum sodium  .  145 mmol/L
 Transfusion  .  4 units packed RBCs in 72 h 

 before operation
 Ventilator dependant
One point for each of the conditions 1
 Wound class (clean/contaminated)
 Preoperative hematocrit level  �  38%
 Preoperative bilirubin level  .  1.0 mg/dL
 Dyspnea
 Albumin level  �  3.5 mg/dL
 Emergency
Zero points for each of these conditions 0
 ASA physical status class 1
 Work RVU  ,  10
 Male sex

ASA  5  American Society of Anesthesiologists; RVU  5  relative value 
unit. Republished with permission from Rogers et al.  82  
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 3.3.2 Baseline Risk, Risk Factors, and Risk Strat-
ifi cation for Major Bleeding Complications:   Few 
studies have examined the risk of bleeding in vas-
cular surgery. Across three randomized trials of 
thromboprophylaxis,  109,111,115   the pooled weighted 
risk of major bleeding in the control (no prophylaxis) 
groups was 0.3% (95% CI, 0.2%-2.4%). However, an 
observational study reported that the incidence of 
life-threatening hemorrhage among 973 patients 
undergoing complex major vascular procedures was 
1.8%, with most episodes of bleeding occurring intra-
operatively and only 0.4% of patients experiencing 
severe bleeding postoperatively.  120   Because the base-
line risk of bleeding is diffi cult to pinpoint in vascular 
surgery, we use the baseline risk from studies of gen-
eral and abdominal-pelvic surgery (1.2%) and provide 
a list of risk factors as a guide ( Table 8 ). 

 3.4 Target Population: Plastic and Reconstructive 
Surgery 

 Because there have been no randomized controlled 
trials of thromboprophylaxis in plastic and recon-
structive surgery, we applied indirect evidence about 
relative risks from trials in general and mixed surgical 
patients when making recommendations. 

 3.4.1 Baseline Risk, Risk Factors, and Risk Strati-
fi cation for VTE:   A retrospective study examined the 
60-day risk of postoperative VTE in 1,126 patients 
who were at least at moderate risk for VTE (Caprini 
score, 3-4) and underwent plastic and reconstruc-
tive surgery at one of fi ve tertiary-care facilities 
in the United States between 2006 and 2009.  4   All 
patients received mechanical prophylaxis with IPC. 

vascular surgery patients (Appendix S1), most were 
limited by small samples, incomplete information 
about use of prophylaxis, and measurement of surro-
gate outcomes (asymptomatic DVT). 

 Data from the British Million Women Study showed 
that the risk of symptomatic VTE in the 12 weeks 
following inpatient surgery is almost as high in vascu-
lar surgery patients (one in 115) as it is in those who 
have surgery for cancer (one in 85).  33   Another study 
that used data from the California Discharge Data Set 
reported that the risk of symptomatic VTE within 
91 days of vascular surgery was  � 1.7% for all the fol-
lowing vascular procedures: peripheral vascular shunt 
or bypass, resection and replacement of abdominal 
aorta, above-knee amputation, aortoilliofemoral bypass 
or femoral-popliteal aneurysm resection with graft, 
and ligation and stripping of varicose veins.  75   The 
risk was slightly lower for patients who underwent 
below-knee amputation and arteriovenous fi stula 
placement (0.5%-0.9%), and it was lowest for carotid 
endarterectomy (0.2%). Use of prophylaxis was not 
described in either of these studies, so the risk of 
symptomatic VTE in the absence of prophylaxis is 
likely to be higher. 

 Risk factors for VTE in vascular surgery are 
not well established, although several studies have 
attempted to identify risk factors in this popula-
tion, with little success.  117-119   However, vascular sur-
gery patients comprised 16% of the retrospective 
cohort in a validation study of the Caprini model 
(V. Bahl, DMD, MPP, personal communication, 
November 29, 2010). Likewise, vascular patients 
comprised 18% of the sample in the Patient Safety 
in Surgery Study,  82   supporting the generalizability 
of both models to vascular surgery patients. 

 Table 7— Caprini Risk Assessment Model  

1 Point 2 Points 3 Points 5 Points

Age 41-60 y Age 61-74 y Age  �  75 y Stroke ( ,  1 mo)
Minor surgery Arthroscopic surgery History of VTE Elective arthroplasty
BMI  .  25 kg/m 2 Major open surgery ( .  45 min) Family history of VTE Hip, pelvis, or leg fracture
Swollen legs Laparoscopic surgery 

 ( .  45 min)
Factor V Leiden Acute spinal cord injury 

 ( ,  1 mo)
Varicose veins Malignancy Prothrombin 20210A
Pregnancy or postpartum Confi ned to bed ( .  72 h) Lupus anticoagulant
History of unexplained or recurrent 

spontaneous abortion
Immobilizing plaster cast Anticardiolipin antibodies

Oral contraceptives or hormone 
replacement

Central venous access Elevated serum homocysteine

Sepsis ( ,  1 mo) Heparin-induced thrombocytopenia
Serious lung disease, including 

pneumonia ( ,  1 mo)
Other congenital or acquired 
 thrombophilia

Abnormal pulmonary function
Acute myocardial infarction
Congestive heart failure ( ,  1 mo)
History of infl ammatory bowel disease
Medical patient at bed rest
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that the consequences of wound hematoma in patients 
with free fl aps can be dire. 

 3.5 Explanation of Evidence Profi les and Rationale 
for Recommendations 

 We believe that the risk stratifi cation scheme 
described in  Table 5  is appropriate for use in general, 
GI, urological, gynecologic, bariatric, and vascular 
surgery patients. In addition, the Caprini score can 
be used in plastic and reconstructive surgery patients, 
although the baseline risk of VTE appears to be lower 
among these patients with any given Caprini score 
( Table 5 ). For example, although a Caprini score of 
3 to 4 is associated with a moderate risk of VTE 
( � 3.0%) in general or abdominal-pelvic surgery, 
this same score is associated with a low risk of VTE 
( � 1.5%) in plastic and reconstructive surgery. 

 Information presented in the  Table 8   can be used 
as a guide to help to identify patients in whom the risk 
of bleeding is high or the consequences of bleed ing 
are especially severe. Statements about the quality 
of evidence refer to recommendations for patients 
undergoing general or abdominal-pelvic surgery. 
Because of indirectness, the quality of evidence should 
be rated down in other surgical populations. 

 Among patients with a very low risk of symptom-
atic VTE ( ,  0.5%), there is moderate-quality evi-
dence that the harms of pharmacologic prophylaxis 
with LDUH or LMWH outweigh the benefi ts. Com-
pared with no prophylaxis, one can expect zero to three 
fewer nonfatal VTE events and four to 10 more non-
fatal major bleeding complications per 1,000 patients 
treated with LDUH. Trade-offs are similar for LMWH 
and no prophylaxis. There is low-quality evidence that 
compared with no prophylaxis, mechanical prophy-
laxis with IPC or ES can also be expected to prevent 
zero to three nonfatal VTE events at the expense   of 
inconvenience, cost, and an uncertain number of 
skin complications, including breaks, blisters, ulcers, 
and necrosis, suggesting that the harms of mechan-
ical prophylaxis probably outweigh the benefi ts in this 
very-low-risk group. 

 Among patients with a low risk of VTE ( � 1.5%), 
moderate-quality evidence suggests that, compared 
with no prophylaxis, pharmacologic prophylaxis with 
either LDUH ( Table 9 )  or LMWH ( Table 10 )  can 
be expected to result in similar numbers of nonfatal 
VTE events prevented and nonfatal major bleeding 
events caused, and there is no important reduction in 
fatal PE. Low-quality evidence suggests that mechan-
ical prophylaxis with either IPC ( Table 11 )  or ES 
( Table 12 )  can be expected to prevent about eight 
to 10 nonfatal VTE events per 1,000 patients treated 
at the expense of an uncertain number of skin 
complications. Although direct high-quality evidence 

The observed risks of symptomatic VTE, stratifi ed by 
Caprini score, were 0.6% among those with a score of 
3 to 4, 1.3% among those with a score of 5 to 6, 2.7% 
among those with a score of 7 to 8, and 11.3% among 
those with a score  .  8 ( Table 5 ). Of note, these scores 
in plastic and reconstructive surgery patients corre-
spond to lower risks of VTE than would be expected 
in patients undergoing general or abdominal-pelvic 
surgery. 

 3.4.2 Baseline Risk, Risk Factors, and Risk Strati-
fi cation for Major Bleeding Complications:   Across 
three observational studies of patients who under-
went plastic and reconstructive procedures, the baseline 
risk of wound hematoma (in the absence of pharma-
cologic prophylaxis) ranged from 0.5% to 1.8%.  121-123   
Based on this limited evidence, we consider most 
plastic and reconstructive surgery patients to be at 
average risk for bleeding complications, recognizing 

 Table 8— Risk Factors for Major Bleeding 
Complications  

General risk factors

 Active bleeding
 Previous major bleeding
 Known, untreated bleeding disorder
 Severe renal or hepatic failure
 Thrombocytopenia
 Acute stroke
 Uncontrolled systemic hypertension
 Lumbar puncture, epidural, or spinal anesthesia within 

 previous 4 h or next 12 h
 Concomitant use of anticoagulants, antiplatelet therapy, or 

 thrombolytic drugs
Procedure-specifi c risk factors
 Abdominal surgery
  Male sex, preoperative hemoglobin level  ,  13 g/dL, malignancy, 

    and complex surgery defi ned as two or more procedures, 
diffi cult dissection, or more than one anastamosis  89  

 Pancreaticoduodenectomy
  Sepsis, pancreatic leak, sentinel bleed  87  
 Hepatic resection
  Number of segments, concomitant extrahepatic organ resection, 

    primary liver malignancy, lower preoperative hemoglobin level, 
and platelet counts  88  

 Cardiac surgery
  Use of aspirin  90  
  Use of clopidogrel within 3 d before surgery  91  
  BMI  .  25 kg/m 2 , nonelective surgery, placement of fi ve or more 

  grafts, older age  92  
  Older age, renal insuffi ciency, operation other than CABG, longer 

  bypass time  93  
 Thoracic surgery
  Pneumonectomy or extended resection  94  
Procedures in which bleeding complications may have especially 

 severe consequences
 Craniotomy
 Spinal surgery
 Spinal trauma
 Reconstructive procedures involving free fl ap

CABG  5  coronary artery bypass graft.
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is lacking, we favor IPC over ES primarily on basis of 
indirect evidence from the Clots in Legs or Stockings 
after Stroke (CLOTS1) trial in patients with stroke 
that ES increased the risk of skin complications with-
out reducing the risk of VTE.  26   Low-quality evidence 
favors mechanical prophylaxis over pharmacologic 
prophylaxis with either LMWH ( Table 13 )  or LDUH 
( Table 14 )  in this group of patients. 

 Among patients with a moderate risk of VTE 
( � 3.0%) who are not at high risk for major bleeding 
complications, moderate-quality evidence indicates 
that compared with no prophylaxis, pharmacologic 
prophylaxis with either LDUH ( Table 9 ) or LMWH 
( Table 10 ) will result in approximately twice as many 
nonfatal VTE events prevented as nonfatal major 
bleeding events caused. In addition, one can expect 
zero to three fewer deaths from PE per 1,000 patients 
treated. Low-quality evidence suggests that mechan-
ical prophylaxis with either IPC ( Table 11 ) or ES 
( Table 12 ) can be expected to prevent 13 to 17 non-
fatal VTE events per 1,000 patients treated at the 
expense of an uncertain number of skin complica-
tions. Although low-quality evidence for the direct 
comparisons between mechanical prophylaxis and 
LMWH ( Table 13 ) or LDUH ( Table 14 ) seems to 
favor mechanical prophylaxis in this group of patients, 
three of the seven authors of this article placed 
more value on the higher-quality evidence favoring 
pharmacologic prophylaxis and, therefore, preferred 
pharmacologic prophylaxis over mechanical prophy-
laxis in this group. There is moderate-quality evi-
dence that LMWH is at least as safe and effective as 
LDUH ( Table 15 ).  

 Among patients with a moderate risk of VTE 
( � 3.0%) who are at high risk for major bleeding com-
plications, moderate-quality evidence indicates that 
compared with no prophylaxis, pharmacologic pro-
phylaxis with either LDUH ( Table 9 ) or LMWH 
( Table 10 ) can be expected to result in similar 
numbers of nonfatal bleeding events caused and non-
fatal VTE events averted. Although the quality of the 
evidence is low, the balance between desirable and 
undesirable outcomes appears to be more favor-
able with mechanical prophylaxis ( Tables 11, 12 ), 
particularly IPC, which is expected to result in seven 
to 20 fewer nonfatal VTE events per 1,000 patients 
at the expense of an uncertain number of skin 
complications. 

 Among patients who are at high risk for VTE 
( � 6.0%) but not at high risk for major bleeding com-
plications, there is high-quality evidence that com-
pared with no prophylaxis, LDUH will result in one 
to eight fewer deaths from PE ( Table 9 ), and there is 
moderate-quality evidence that LMWH prophylaxis 
may result in six fewer (95% CI, nine fewer to one 
more) deaths from PE ( Table 10 ). In addition, there 
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 Some patients who would otherwise benefi t from 
anticoagulant prophylaxis are not eligible to receive 
LDUH or LMWH primarily because of heparin allergy 
or a history of heparin-induced thrombocytopenia. 
Among such patients who are at high risk for VTE 
but not at increased risk for perioperative bleeding 
complications, low-quality evidence supports the use 
of either fondaparinux ( Table 19 ),  low-dose aspirin 
( Table 20 ),  or mechanical prophylaxis ( Tables 11, 12 ) 
over no prophylaxis. Among such patients at high risk 
for VTE who are at high risk for major bleeding, 
trade-offs favor mechanical prophylaxis. Because of the 
very low quality of the evidence and the availability of 
preferable alternatives, we do not recommend the use 
of high-dose aspirin for VTE prevention in any group 
of patients ( Table 21 ).  

 For patients at high risk for VTE who are not can-
didates for either mechanical or pharmacologic pro-
phylaxis, very-low-quality evidence suggests that IVC 
fi lter placement will probably cause at least as many 
DVT events as PE events prevented and that addi-
tional serious complications may occur in as many as 
5% of patients ( Table 22 ).  Likewise, it is not clear 
that using VCU to detect and treat asymptomatic 
DVT reduces the risk of PE or fatal PE in patients at 
high risk for VTE. Furthermore, false-positive fi nd-
ings are common, and the potential risks associated 
with treating false-positive fi ndings are substantial. 

 3.6 Recommendations 

 The following recommendations apply to patients 
undergoing general surgery, GI surgery, urological 
surgery, gynecologic surgery, bariatric surgery, vas-
cular surgery, and plastic and reconstructive surgery 
( Table 23 ).  

  3.6.1. For general and abdominal-pelvic sur-
gery patients at very low risk for VTE ( ,  0.5%; 
Rogers score,  ,  7; Caprini score, 0), we recom-
mend that no specifi c pharmacologic  (Grade 1B) 
 or mechanical  (Grade 2C)  prophylaxis be used 
other than early ambulation.  

  3.6.2. For general and abdominal-pelvic surgery 
patients at low risk for VTE ( � 1.5%; Rogers 
score, 7-10; Caprini score, 1-2), we suggest 
mechanical prophylaxis, preferably with IPC, 
over no prophylaxis  (Grade 2C) .  

  3.6.3. For general and abdominal-pelvic sur-
gery patients at moderate risk for VTE ( � 3.0%; 
Rogers score,  .  10; Caprini score, 3-4) who are 
not at high risk for major bleeding compli-
cations, we suggest LMWH  (Grade 2B) , LDUH 
 (Grade 2B) , or mechanical prophylaxis, prefer-
ably with IPC  (Grade 2C) ,   over no prophylaxis.  

is moderate-quality evidence that both LDUH and 
LMWH will result in substantially more nonfatal VTE 
events prevented than nonfatal major bleeding events 
caused. Only low-quality evidence supports the use 
of mechanical prophylaxis with IPC or ES, which 
can be expected to result in 30 to 40 fewer nonfatal 
VTE events per 1,000 patients and an uncertain num-
ber of skin complications ( Tables 11, 12 ). However, 
there is low-quality evidence that in this group of 
patients, use of mechanical prophylaxis compared with 
LMWH results in a similar number of major bleed-
ing events averted and VTE events not prevented 
( Table 13 ). Nevertheless, we favor LDUH or LMWH 
over mechanical methods in this group because of 
the higher quality of evidence and the expected 
reductions in fatal PE. 

 Among patients with a high risk of VTE ( � 6.0%) 
who are at high risk for major bleeding complica-
tions, moderate-quality evidence indicates that the 
trade-offs still favor pharmacologic prophylaxis with 
either LDUH (six fewer fatal PE, 33 fewer nonfa-
tal VTE events, and 12 more nonfatal major bleed-
ing events per 1,000 patients) or LMWH (six fewer 
deaths from any cause, 41 fewer nonfatal VTE 
events, and 23 more nonfatal major bleeding events 
per 1,000 patients) over no prophylaxis ( Tables 9, 10 ). 
However, as the baseline risk of major bleeding 
approaches 4%, the harms of pharmacologic pro-
phylaxis begin to outweigh the benefi ts, suggesting 
that mechanical prophylaxis with IPC ( Table 11 ) or 
ES ( Table 13 ) should be chosen when the risk of 
bleeding is judged to be very high or the conse-
quences of major bleeding are believed to be partic-
ularly severe. 

 Among high-VTE risk patients, there is low-quality 
evidence ( Tables 16, 17 )  that the absolute number 
of nonfatal VTE events can be further reduced by the 
addition of either IPC (10 fewer events per 1,000) or 
ES (11 fewer events per 1,000) to pharmacologic pro-
phylaxis at the expense of an uncertain number of 
skin complications. The additional reduction in VTE 
applies to lower-risk groups as well, but the absolute 
number of events prevented is fewer. 

 Among patients at high risk for VTE undergoing 
abdominal surgery for cancer, there is moderate-
quality evidence that compared with limited-duration 
prophylaxis (1 week), extended-duration prophylaxis 
(4 weeks) with LMWH provides additional protec-
tion from nonfatal VTE (13 fewer events per 1,000), 
without an important increase in the risk of nonfatal 
major bleeding complications ( Table 18 ).  The addi-
tional reduction in VTE applies to lower-risk groups 
as well, but the absolute number of events prevented 
is smaller. In addition, the quality of evidence is lower 
in noncancer surgery patients and patients at lower 
risk for VTE because of indirectness. 
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e262S Prevention of VTE in Nonorthopedic Surgery Patients

the consequences of bleeding are thought to be 
particularly severe, we suggest use of mechan-
ical prophylaxis, preferably with IPC, over no 
prophylaxis until the risk of bleeding diminishes 
and pharmacologic prophylaxis may be initiated 
 (Grade 2C) .  

  3.6.8. For general and abdominal-pelvic sur-
gery patients at high risk for VTE ( � 6%; Caprini 
score,  �  5) in whom both LMWH and unfrac-
tionated heparin are contraindicated or unavail-
able and who are not at high risk for major 
bleeding complications, we suggest low-dose 
aspirin  (Grade 2C) , fondaparinux  (Grade 2C) ,   or 
mechanical prophylaxis, preferably with IPC 
 (Grade 2C) , over no prophylaxis.  

  3.6.9. For general and abdominal-pelvic surgery 
patients, we suggest that an IVC fi lter should not 
be used for primary VTE prevention  (Grade 2C) .  

  3.6.10. For general and abdominal-pelvic surgery 
patients, we suggest that periodic surveillance 
with VCU should not be performed  (Grade 2C) .  

 4.0 Target Population: Cardiac Surgery 

 Of two randomized controlled trials of VTE pro-
phylaxis in cardiac surgery patients (Appendix S1), 
one compared ES alone with ES plus IPC,  124   and the 
other compared LDUH plus IPC with LDUH alone 
in patients who underwent cardiac surgery at a single 
center over a period of 10 years.  125   Because direct 
evidence about the safety and effectiveness of prophy-
laxis in patients undergoing cardiac surgery is limited, 
we applied indirect evidence about relative risks from 
studies of mixed surgical patients when making rec-
ommendations. Risk stratifi cation is discussed next. 

  Remarks:  Three of the seven authors favored a strong 
(Grade 1B) recommendation in favor of LMWH or 
LDUH over no prophylaxis in this group. 

  3.6.4. For general and abdominal-pelvic sur-
gery patients at moderate risk for VTE ( � 3.0%; 
Rogers score,  .  10; Caprini score, 3-4) who are 
at high risk for major bleeding complications 
or those in whom the consequences of bleeding 
are thought to be particularly severe, we sug-
gest mechanical prophylaxis, preferably with IPC, 
over no prophylaxis  (Grade 2C) .  

  3.6.5. For general and abdominal-pelvic sur-
gery patients at high risk for VTE ( � 6.0%; 
Caprini score,  �  5) who are not at high risk for 
major bleeding complications, we recommend 
pharmacologic prophylaxis with LMWH  (Grade 
1B)  or LDUH  (Grade 1B)  over no prophylaxis. 
We suggest that mechanical prophylaxis with ES 
or IPC should be added to pharmacologic pro-
phylaxis  (Grade 2C) .  

  3.6.6. For high-VTE-risk patients undergoing 
abdominal or pelvic surgery for cancer who are 
not otherwise at high risk for major bleeding com-
plications, we recommend extended-duration 
pharmacologic prophylaxis (4 weeks) with LMWH 
over limited-duration prophylaxis  (Grade 1B) .  

  Remarks:  Patients who place a high value on mini-
mizing out-of-pocket health-care costs might prefer 
limited-duration over extended-duration prophylaxis 
in settings where the cost of extended-duration pro-
phylaxis is borne by the patient. 

  3.6.7. For high-VTE-risk general and abdominal-
pelvic surgery patients who are at high risk for 
major bleeding complications or those in whom 

 Table 23— Recommendations for Thromboprophylaxis in Various Risk Groups  

Risk of Symptomatic VTE

Risk and Consequences of Major Bleeding Complications

Average Risk ( � 1%) High Risk ( � 2%) or Severe Consequences

Very low ( ,  0.5%) No specifi c prophylaxis
Low ( � 1.5%) Mechanical prophylaxis, preferably with IPC
Moderate ( � 3.0%) LDUH, LMWH,  or  mechanical prophylaxis, 

preferably with IPC
Mechanical prophylaxis, preferably with IPC

High ( � 6.0%) LDUH  or  LMWH  plus  mechanical prophylaxis 
with ES  or  IPC

Mechanical prophylaxis, preferably with IPC, until 
risk of bleeding diminishes and pharmacologic 
prophylaxis can be added

High-risk cancer surgery LDUH  or  LMWH  plus  mechanical prophylaxis 
with ES  or  IPC  and  extended-duration 
prophylaxis with LMWH postdischarge

Mechanical prophylaxis, preferably with IPC, until
risk of bleeding diminishes and pharmacologic 
prophylaxis can be added

High risk, LDUH and LMWH 
contraindicated or not available

Fondaparinux  or  low-dose aspirin (160 mg); 
mechanical prophylaxis, preferably with 
IPC; or both

Mechanical prophylaxis, preferably with IPC, until
risk of bleeding diminishes and pharmacologic 
prophylaxis can be added

See Table 1 for expansion of abbreviations. See  Table 5  for details about risk stratifi cation for VTE; see Table 8 for information about risk factors for 
major bleeding.

 © 2012 American College of Chest Physicians
 by Ronald Sing on March 15, 2012chestjournal.chestpubs.orgDownloaded from 

http://chestjournal.chestpubs.org/


www.chestpubs.org CHEST / 141 / 2 / FEBRUARY, 2012 SUPPLEMENT  e263S

1993, independent risk factors for bleeding included 
older age, renal insuffi ciency, operation other than 
CABG, and longer bypass time.  93   

 4.3 Explanation of Evidence Profi les and Rationale 
for Recommendations in Cardiac Surgery 

 We classify most patients undergoing cardiac 
surgery as being at moderate risk for VTE and at 
high risk for major bleeding complications. In these 
patients, low-quality evidence (moderate-quality evi-
dence downgraded for indirectness) suggests that the 
benefi ts of pharmacologic prophylaxis with either 
LDUH ( Table 9 ) or LMWH ( Table 10 ) are probably 
outweighed by the potential harms. In contrast, 
low-quality evidence suggests that the balance between 
desirable and undesirable outcomes is more favor-
able with mechanical prophylaxis ( Tables 11, 12 ), 
which is expected to result in 15 to 20 fewer nonfatal 
VTE events at the expense of an uncertain number of 
skin complications. 

 When additional risk factors for VTE are present 
and the baseline risk of VTE is high, the trade-offs 
still appear to favor mechanical prophylaxis over both 
no prophylaxis ( Tables 11, 12 ) and pharmacologic 
prophylaxis ( Tables 13, 14 ). However, the relatively 
high risk of postoperative bleeding almost surely 
decreases over time in patients whose hospital course 
is prolonged by one or more nonhemorrhagic surgical 
complications. We classify such patients as being at 
high risk for VTE and low (or average) risk for bleed-
ing, and these patients may benefi t from the addition 
of pharmacologic prophylaxis to mechanical prophy-
laxis, although the trade-offs only slightly favor com-
bined prophylaxis over mechanical prophylaxis alone 
( Table 24 ).  

 4.4 Recommendations for Cardiac Surgery 

  4.4.1. For cardiac surgery patients with an 
uncomplicated postoperative course, we suggest 
use of mechanical prophylaxis, preferably with 
optimally applied IPC, over either no prophy-
laxis  (Grade 2C)  or pharmacologic prophylaxis 
 (Grade 2C) .  

  4.4.2. For cardiac surgery patients whose hospital 
course is prolonged by one or more nonhemor-
rhagic surgical complications, we suggest add-
ing pharmacologic prophylaxis with LDUH or 
LMWH to mechanical prophylaxis  (Grade 2C) .  

 5.0 Target Population: Thoracic Surgery 

 Of two small trials in thoracic surgery, one com-
pared LDUH 5,000 bid with LDUH 7,500 bid,  136   

 4.1 Baseline Risk, Risk Factors, and Risk 
Stratifi cation for VTE 

 The risk of VTE following cardiac surgery is uncer-
tain. Predisposing factors include perioperative stasis, 
infl ammation, and activation of the coagulation system, 
but these are mitigated by early mobilization and use 
of anticoagulants, aspirin, and other antiplatelet drugs. 

 Relatively precise, but possibly dated estimates of 
the risk of VTE following cardiac surgery come from 
the California Patient Discharge Data Set for the 
years 1992 to 1996.  75   In this large data set, the risks 
of VTE in the 91 days after coronary artery bypass 
graft (CABG) and valve replacement surgery were 
1.1% and 0.5%, respectively. Similarly, in an analysis 
of registry data from New York State in 1999, 133 
of 16,325 (0.8%) patients were readmitted for VTE 
within 30 days after CABG.  126   Unfortunately, infor-
mation about the use of prophylaxis was not reported 
in either study. 

 Based on results of these and other studies, we 
believe that most cardiac surgery patients are at mod-
erate risk for VTE.  127-131   Possible factors that increase 
the risk of VTE in cardiac surgery include older age,  130   
postoperative complications,  127,130   prolonged preop-
erative hospitalization or postoperative recovery,  128,129   
CABG surgery compared with valve surgery,  129   and 
off-pump CABG compared with cardiopulmonary 
bypass.  132   

 4.2 Baseline Risk, Risk Factors, and Risk 
Stratifi cation for Major Bleeding Complications 

 A systematic review of English-language studies of 
surgical bleeding complications published between 
1997 and 2007 identifi ed six studies in cardiac surgery 
patients, including four retrospective cohort studies 
and two randomized trials.  133   In fi ve studies, major 
bleeding was defi ned as bleeding requiring reex-
ploration  90-92,134  ; across these studies, the risk of major 
bleeding was remarkably consistent, with a median 
risk of 4.7% (range, 3.1%-5.9%). Thus, we classify 
most cardiac surgery patients as being at high risk for 
anticoagulant prophylaxis-related bleeding. 

 Risk factors for bleeding following cardiac surgery 
varied across studies ( Table 8 ). One study found that 
the risk of bleeding was similar for on-pump com-
pared with off-pump CABG.  135   Two others reported 
that the risk of bleeding was approximately twice as 
high in patients treated with aspirin  90   or clopidogrel, 
at least when given within 3 days of surgery.  91   In one 
series of 2,898 consecutive patients undergoing CABG, 
independent risk factors for bleeding requiring reex-
ploration included BMI  �  25 kg/m 2 , nonelective 
surgery, placement of fi ve or more grafts, and older 
age.  92   In an earlier study of 6,015 patients under-
going cardiopulmonary bypass between 1986 and 
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distinguished between standard resection and pneu-
monectomy or extended resection.  94   Across nine 
studies of almost 17,000 patients who underwent 
standard resection, bleeding requiring reoperation 
was reported in 1%. However, in fi ve studies of 
1,223 patients who underwent pneumonectomy or 
extended resection,  � 5% of patients required reex-
ploration for bleeding. In a more-recent retrospective 
analysis of 1,100 patients who underwent video-
assisted thoroscopic lobectomy at a single center, 
intraoperative bleeding required conversion to thora-
cotomy in six (5.5%) patients, and 45 (41%) patients 
required postoperative red cell transfusion, but there 
were no episodes of fatal bleeding or bleeding requir-
ing reoperation.  145   

 5.3 Explanation of Evidence Profi les and Rationale 
for Recommendations in Thoracic Surgery 

 Most thoracic surgery patients are at moderate risk 
for VTE. In these patients, moderate-quality evi-
dence suggests that compared with no prophylaxis, 
pharmacologic prophylaxis with either LDUH or 
LMWH will result in more cases of VTE events pre-
vented than bleeding episodes caused ( Tables 9, 10 ). 
Low-quality evidence supports the use of mechanical 
prophylaxis over no prophylaxis, preferably with IPC 
( Tables 11, 12 ). The addition of mechanical prophy-
laxis with either ES ( Table 16 ) or IPC ( Table 17 ) to 
pharmacologic prophylaxis will prevent a few addi-
tional VTE events at the expense of skin complica-
tions, added cost, comfort, and convenience. 

 For thoracic surgery patients at high risk for VTE 
(including those undergoing extended pulmonary 
resection, pneumonectomy, extrapleural pneumonec-
tomy, and esophagectomy), moderate-quality evidence 
suggests that when compared with no prophylaxis, 
the benefi ts of pharmacologic prophylaxis with LDUH 
( Table 9 ) or LMWH ( Table 10 ) outweigh the harms. 
Because the risk of bleeding requiring reexploration 
appears to be elevated in patients who require pneu-
monectomy or extended-lung resection, prudence 
dictates that mechanical prophylaxis should be used 
until adequate hemostasis has been established and 
the risk of bleeding diminishes. 

 5.4 Recommendations for Thoracic Surgery 

  5.4.1. For thoracic surgery patients at moderate 
risk for VTE who are not at high risk for major 
bleeding, we suggest LDUH  (Grade 2B) , LMWH 
 (Grade 2B) , or mechanical prophylaxis with opti-
mally applied IPC  (Grade 2C)  over no prophylaxis .   

  Remarks:  Three of the seven authors favored a strong 
(Grade 1B) recommendation in favor of LMWH or 
LDUH over no prophylaxis in this group. 

whereas the other compared fi xed-dose with weight-
adjusted-dose nadroparin (Appendix S1).  137   Although 
direct evidence about the safety and effectiveness of 
prophylaxis in patients undergoing thoracic surgery is 
limited, we believe that evidence about relative risks 
from studies of patients undergoing general or abdom-
inal-pelvic surgery can be applied to thoracic surgery 
patients without downgrading for indirectness. Base-
line risk and risk stratifi cation is discussed next. 

 5.1 Baseline Risk, Risk Factors, and Risk 
Stratifi cation for VTE 

 Based on results of observational studies and our 
clinical judgment, we consider most thoracic surgery 
patients to be at least at moderate risk for VTE. Three 
relatively large retrospective studies reported the risk 
of symptomatic VTE events. In one study of 693 tho-
racotomies for lung cancer, symptomatic VTE was 
observed in 1.7% of patients, including PE in 1.3%, 
despite routine use of prophylaxis with LDUH or 
LMWH. In another analysis of 1,735 lung resections 
for malignancy, autopsy-confi rmed fatal PE occurred 
in 1.2% of patients, despite ongoing heparin pro-
phylaxis in most of them.  138   Another study of 706 tho-
racic surgery patients reported objectively confi rmed 
PE in 20 of 344 (7%) patients who did not receive 
prophylaxis, but there were no episodes of PE among 
362 patients who wore IPC.  139   Finally, the 91-day risk 
of clinically detected VTE for almost 13,000 patients 
undergoing major lung resection for malignant dis-
ease was 1.6% in the California Patient Discharge 
Data Set.  75   

 Thoracic surgery patients undergoing extended 
pulmonary resection, pneumonectomy, extrapleural 
pneumonectomy, or esophagectomy are probably 
at higher risk for VTE. In a prospective study of 
336 patients undergoing pneumonectomy for malig-
nancy, the risk of symptomatic VTE was 7.4%.  140   
Similarly, in a study of 496 patients undergoing extra-
pleural pneumonectomy for malignant mesothelioma, 
DVT occurred in 6.4% of patients, and fatal PE was 
observed in 1.2%.  141   Other risk factors for VTE in 
thoracic surgery have not been rigorously evaluated, 
although individual studies have implicated malig-
nancy, larger tumors, and pack-years of smoking as 
possible risk factors.  140,142-144   In another study, age, 
sex, BMI, operation time, time to ambulation, opera-
tive method, and malignancy were not associated with 
VTE.  139   

 5.2 Baseline Risk, Risk Factors, and Risk 
Stratifi cation for Major Bleeding Complications 

 A review of complication rates from 14 studies of 
patients undergoing major lung resections for cancer 
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cancer, advanced age, longer duration of surgery, 
and paresis are associated with an increased risk of 
VTE.  148-150   To estimate the baseline risks of nonfa-
tal PE and symptomatic VTE in the absence of pro-
phylaxis, we used data from an observational study 
of almost 2,400 neurosurgical admissions  151   and a 
structured literature review that pooled results from 
numerous smaller studies of patients undergoing 
craniotomy.  152   In the study by Chan et al,  151   the risk 
of clinically diagnosed VTE within 30 days after dis-
charge was 3.9% among all patients, and it was espe-
cially high for patients undergoing craniotomy for 
primary malignancy (7.5%) or metastasis (19%). In 
this study, pharmacologic and mechanical prophy-
laxis was used in 67% of patients with cancer and 
84% of patients without cancer. Smaller studies of 
malignant glioma patients reported risks of symptom-
atic, postoperative DVT that ranged between 3% and 
25%.  153   In the analysis by Danish et al,  152   the pooled 
risk of symptomatic VTE was 2.1% across 13 studies 
that included almost 3,000 patients who received 
prophylaxis with IPC alone, whereas it was 2.2% 
in fi ve studies that included  .  3,500 patients who 
received combined prophylaxis with unfractionated 
heparin and IPC. Accordingly, we classify craniotomy 
patients as being at high risk for VTE, especially those 
who undergo craniotomy for malignancy. 

 6.2 Baseline Risk, Risk Factors, and 
Risk Stratifi cation for ICH 

 In craniotomy patients, we focus on ICH rather than 
on the more generic major bleeding outcome because 
ICH is a potentially devastating complication of cra-
niotomy and because pharmacologic VTE prophylaxis 
increases the risk of operative site bleeding. Although 
the risk of ICH probably varies depending on patient- 
and procedure-specifi c factors, we found no validated 
bleeding risk stratifi cation system for craniotomy 
patients. Data from a structured literature review that 
included 20 different studies and  .  31,000 patients 
who underwent craniotomy without pharmacologic 
prophylaxis indicate that the baseline risk of ICH 
is  � 1.1% (95% CI, 0.9%-1.4%).  152   We favor this rela-
tively precise estimate of baseline risk, although we 
recognize that it is higher than those reported in the 
meta-analysis by Collen et al,  10   in which the pooled 
risks of intracranial hemorrhage were 0.04% (95% CI, 
0%-3.7%) among those who did not receive pharma-
cologic prophylaxis, 0.35% (95% CI, 0%-7.4%) among 
those who received LDUH, and 1.5% (95% CI, 
1.1%-1.9%) among those who received LMWH. 

 6.3 Explanation of Evidence Profi les 

 We classify patients undergoing craniotomy for 
nonmalignant disease as being at high risk for VTE 

  5.4.2. For thoracic surgery patients at high risk 
for VTE who are not at high risk for major bleed-
ing, we suggest LDUH  (Grade 1B)  or LMWH 
 (Grade 1B)  over no prophylaxis. In addition, we 
suggest that mechanical prophylaxis with ES or 
IPC should be added to pharmacologic prophy-
laxis  (Grade 2C) .  

  5.4.3. For thoracic surgery patients who are at 
high risk for major bleeding, we suggest use of 
mechanical prophylaxis, preferably with opti-
mally applied IPC, over no prophylaxis until the 
risk of bleeding diminishes and pharmacologic 
prophylaxis may be initiated  (Grade 2C) .  

 6.0 Target Population: Craniotomy 

 Two published meta-analyses summarized the 
results of randomized controlled trials of pharmaco-
logic and mechanical prophylaxis in neurosurgery, 
including patients undergoing craniotomy and spinal 
surgery.  12,10   Many of the studies were limited by small 
samples; open-label design; incomplete follow-up; and 
use of ultrasound, venography, or fi brinogen uptake 
scanning to identify asymptomatic DVT. 

 One meta-analysis summarized the results of three 
trials in mixed neurosurgical patients that compared 
LMWH with placebo with or without adjunctive use 
of ES in both treatment groups.  12   In these studies, 
LMWH reduced the risk of any VTE (including asym-
potomatic DVT) by 46% and venographically con-
fi rmed proximal DVT by 52%. Consistent with results 
of studies in general and abdominal surgery, LMWH 
increased the risk of nonfatal major bleeding com-
plications (mostly intracranial) by 68%. In addition, 
there was a possible increase in the risk of death from 
any cause (OR, 1.74; 95% CI, 0.94-3.22). 

 Another meta-analysis made several comparisons, 
including IPC vs no prophylaxis, LDUH vs no pro-
phylaxis, LDUH vs LMWH, and IPC vs LMWH.  10   In 
two trials that compared IPC and no prophylaxis in 
mixed neurosurgery patients,  146,147   IPC reduced the 
risk of asymptomatic DVT by 59% and PE by 63%. 
For the other comparisons, differences in the risk 
of DVT, PE, or intracranial hemorrhage (ICH) were 
neither confi rmed nor excluded. Accordingly, for these 
comparisons, we applied indirect but higher-quality 
evidence about relative risks from studies of general 
or mixed surgical patients in our evidence profi les. 

 6.1 Baseline Risk, Risk Factors, and Risk 
Stratifi cation for VTE 

 Although no VTE risk stratifi cation scheme has been 
validated for patients undergoing craniotomy, data 
from published observational studies suggest that 
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quality evidence suggests that adding pharmacologic 
prophylaxis to IPC will prevent 23 additional VTE 
events per 1,000 patients treated (95% CI, 34 fewer 
to three more) at the expense of 11 more intracranial 
bleeds (95% CI, four more to 22 more) (Table S15). 
Because most ICH occur in the fi rst 12 to 24 h after 
craniotomy, whereas approximately one-half of VTE 
events occur after the fi rst week,  150   it is advisable 
to delay adding LMWH or LDUH until adequate 
hemostasis is established and the risk of bleeding is 
judged not to be excessively high. 

 6.4 Recommendations for Craniotomy 

  6.4.1. For craniotomy patients, we suggest that 
mechanical prophylaxis, preferably with IPC, 
be used over no prophylaxis  (Grade 2C)  or phar-
macologic prophylaxis  (Grade 2C) .  

  6.4.2. For craniotomy patients at very high risk 
for VTE (eg, those undergoing craniotomy for 
malignant disease), we suggest adding pharma-
cologic prophylaxis to mechanical prophylaxis 
once adequate hemostasis is established and the 
risk of bleeding decreases  (Grade 2C) .  

 7.0 Target Population: Spinal Surgery 

 Six randomized trials examined interventions to 
prevent VTE in spinal surgery patients, most limited 
by small samples, unclear concealment of treatment 
allocation, incomplete blinding, and measurement of 
asymptomatic DVT (Tables S2-S4). One compared 
pharmacologic prophylaxis with placebo,  154   one com-
pared unfractionated heparin with LMWH,  155   and 
three compared different methods of mechanical 
prophylaxis with or without pharmacologic prophy-
laxis.  156-158   A meta-analysis summarized results of 
these and several other trials that enrolled mixed 
neurosurgical patients.  10   The authors found that IPC 
reduced the risk of DVT by 59% compared with no 
prophylaxis (RR, 0.41; 95% CI, 0.21-0.78). However, 
for comparisons of IPC with ES (RR, 0.81; 95% CI, 
0.32-1.78) and LMWH with IPC (RR, 0.79; 95% CI, 
0.30-2.12), differences in the risk of DVT were 
neither confi rmed nor excluded. Because studies of 
mixed surgical patients provide higher-quality evi-
dence and more-precise estimates of treatment effect, 
we used indirect evidence from these studies to esti-
mate the relative risk of symptomatic VTE for these 
comparisons. 

 7.1 Baseline Risk, Risk Factors, and Risk 
Stratifi cation for VTE 

 Three systematic reviews described in Appendix 
S1 have examined the baseline risk of VTE in spinal 

( � 5%) and those with malignant disease as being at 
very high risk ( �  10%). Although the baseline risk of 
bleeding (ICH) is probably  � 1%, the consequences 
of ICH are likely to be very severe. 

 For craniotomy patients at high risk for VTE ( � 5%), 
such as those undergoing craniotomy for vascular 
disease, there is low-quality evidence that mechan-
ical prophylaxis with IPC is benefi cial. Compared 
with no prophylaxis, one can expect 11 to 40 fewer 
symptomatic VTE events per 1,000 patients treated 
with IPC (Table S10). As mentioned previously 
(Table S11), we favor IPC over ES primarily on the 
basis of indirect evidence from the CLOTS1 trial in 
stroke patients that ES increased the risk of skin 
complications without reducing the risk of VTE,  29   
although differences between IPC and ES were nei-
ther demonstrated nor excluded in the meta-analysis 
of studies in neurosurgery. 

 In this group, there is moderate-quality evidence 
that compared with no prophylaxis, the benefi ts of 
pharmacologic prophylaxis with low-dose LMWH 
are probably outweighed by the harms (Table S12). 
First of all, LMWH was associated with a possible 
increase in the risk of death from any cause. In addi-
tion, although LMWH can be expected to prevent 
between eight and 36 VTE events, this comes at a cost 
of four to 22 additional intracranial bleeds. Based on 
the assumption that the disutility of intracranial hem-
orrhage is approximately two to three times greater than 
that associated with an average VTE event, the trade-
offs favor no prophylaxis over LMWH. Although the 
trade-offs appear to be somewhat more favorable for 
LDUH compared with no prophylaxis (Table S13), the 
evidence is low in quality and suffi ciently indirect to 
cast doubt on its relevance to craniotomy patients. 
Low-quality evidence for the comparison between 
LMWH and IPC suggests that the trade-offs favor 
IPC over pharmacologic prophylaxis in this group 
(Table S14). 

 For craniotomy patients at very high risk for symp-
tomatic VTE ( � 10%), such as those with cancer, low-
quality evidence favors IPC, LDUH, and (possibly) 
LMWH over no prophylaxis (Tables S10, S12, S13). 
Trade-offs for the comparison between LMWH and 
IPC probably favor IPC, with six to 26 more nonfatal 
VTE events per 1,000 patients treated but four to 
22 fewer episodes of nonfatal ICH (Table S14). 

 A more diffi cult question is whether and when to 
add pharmacologic prophylaxis to mechanical pro-
phylaxis in the very-high-risk craniotomy patient. 
Indirect evidence from studies in patients undergoing 
abdominal or elective orthopedic surgery suggests 
that the addition of fondaparinux or warfarin to 
mechanical prophylaxis further reduces DVT or PE 
by  � 60%. Assuming that the risk of symptomatic 
VTE is 4.1% in those who receive IPC alone, low-
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and LMWH (six per 1,000) (Tables S16-S19). These 
modest reductions are offset by similar increases in 
the absolute numbers of major bleeding complica-
tions with LDUH (three per 1,000) and LMWH (fi ve 
per 1,000). Likewise, the benefi ts of IPC and ES are 
offset by an uncertain number of skin complications. 
Comparisons of IPC vs ES (Table S20), IPC vs LDUH 
(Table S21), and IPC vs LMWH (Table S22) suggest 
that the balance of desirable and undesirable out-
comes favors IPC in these patients. 

 Among spinal surgery patients at moderate risk for 
VTE, including those with malignant disease and those 
undergoing surgery with a combined anterior-posterior 
approach, even greater reductions in symptomatic 
VTE events are anticipated with IPC (29 per 1,000), 
ES (31 per 1,000), LDUH (27 per 1,000), and LMWH 
(33 per 1,000), all compared with no prophylaxis 
(Tables S16-S19). Although the balance between 
benefi ts and harms favors either pharmacologic or 
mechanical methods over no prophylaxis, the trade-
offs involved in the comparison between pharmaco-
logic prophylaxis and mechanical prophylaxis with IPC 
are not as clear cut (Tables S21, S22). IPC may still 
be preferred over LMWH if the consequences of a 
nonfatal major bleeding event are believed to be at 
least two times more severe than those of nonfatal 
VTE. 

 7.4 Recommendations for Spinal Surgery 

  7.4.1. For patients undergoing spinal surgery, we 
suggest mechanical prophylaxis, preferably with 
IPC, over no prophylaxis  (Grade 2C) , unfraction-
ated heparin  (Grade 2C) ,   or LMWH  (Grade 2C) .  

  7.4.2. For patients undergoing spinal surgery at 
high risk for VTE (including those with malig-
nant disease and those undergoing surgery with 
a combined anterior-posterior approach), we 
suggest adding pharmacologic prophylaxis to 
mechanical prophylaxis once adequate hemo-
stasis is established and the risk of bleeding 
decreases  (Grade 2C) .  

 8.0 Target Population: Major 
Trauma, Including Traumatic Brain 

Injury, Acute Spinal Cord Injury, 
and Traumatic Spine Surgery 

 Decision making about thromboprophylaxis in 
trauma patients poses numerous challenges. Although 
traumatic infl ammation, fractures, immobilization, 
and surgical intervention contribute to the high risk 
of VTE, both the risk and, potentially, the dire conse-
quences of bleeding complications weigh heavily, espe-
cially in cases of visceral, spinal, and head injury. 

surgery.  159-161   Most of the studies were limited by 
small sample sizes and the measurement of asymp-
tomatic DVT, although one large retrospective study 
reported a very low risk of symptomatic DVT (0.05%) 
among 1,919 patients who received heparin prophy-
laxis and did not undergo routine surveillance for 
DVT.  162   

 Risk factors for VTE in spinal surgery patients 
likely include a combined anterior-posterior approach; 
multiple operative levels; and patient-related factors, 
such as older age, prior VTE, and malignancy.  163,164   
In a population-based retrospective analysis of dis-
charges from California hospitals in 1992 to 1996, 
the risk of symptomatic VTE within 91 days of 
surgery was 0.5% (95% CI, 0.4%-0.5%) among 
34,355 patients who underwent spinal surgery for 
nonmalignant disease, whereas the risk of VTE was 
2.0% (95% CI, 1.4%-2.6%) among 1,545 who under-
went spinal surgery for malignant disease.  75   Accord-
ingly, we classify the baseline risk of VTE in spinal 
surgery as low for most patients with nonmalignant 
disease and moderate for those with malignancy. 

 7.2 Baseline Risk, Risk Factors, and Risk 
Stratifi cation for Major Bleeding Complications 

 In a large retrospective study of spinal surgery 
patients treated with nadroparin,  162   major bleeding 
(defi ned as hemorrhage associated with a mass effect 
on postoperative spinal MRI and neurologic deterio-
ration or a large-wound hematoma with intractable 
pain) was observed in 13 of 1,954 (0.7%) patients. In 
another observational study, 720 noncranial neuro-
surgical patients who were not at high risk for bleeding 
received twice-daily prophylaxis with LDUH. Two 
patients (0.3%) developed epidural hematomas that 
required reoperation.  165   In a small randomized trial 
of LDUH vs placebo, deep hematomas were noted 
in two patients in the placebo group and no patients 
in the heparin group.  154   In another trial comparing 
LMWH plus dihydroergotamine vs LDUH plus 
dihydroergotamine, there were no hematomas in 
either group, although increased intraoperative bleed-
ing was noted to be more common in the LDUH 
group.  155   Based on these data, we believe that the 
baseline risk of major bleeding in spinal surgery is 
probably  ,  0.5%, but the consequences are poten-
tially very severe. 

 7.3 Explanation of Evidence Profi les 

 Among spinal surgery patients at low risk for VTE, 
including those with nonmalignant disease, we esti-
mate that compared with no prophylaxis, there will 
be similar reductions in the numbers of symptomatic 
VTE events when prophylaxis is given with IPC (fi ve 
per 1,000), ES (six per 1,000), LDUH (fi ve per 1,000), 
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brain or spinal cord injury and among those who 
require spinal surgery. 

 8.2 Baseline Risk, Risk Factors, and Risk 
Stratifi cation for Major Bleeding Complications 

 Few studies have examined bleeding complications 
associated with thromboprophylaxis in trauma. In 
a prospective study of 525 patients with traumatic 
brain injury who were judged to be eligible to receive 
LMWH prophylaxis within 48 h of admission, pro-
gressive hemorrhagic changes were seen on head 
CT scan in 18 patients (3.4%), including in six (1.1%) 
in whom there was a change in management or out-
come.  188   In a retrospective study of nosocomial com-
plications in 525 adult patients with trauma, the 
reported risk of bleeding requiring red cell transfu-
sion of  .  4 units was 4.7%.  179   

 Another source of data to estimate the baseline risk 
of major bleeding complications comes from patients 
who were assigned to receive nonpharmacologic man-
agement in randomized trials of thromboprophylaxis. 
Unfortunately, only three trials in patients with trauma 
reported major bleeding complications in four groups 
that did not receive pharmacologic prophylaxis.  189-191   
In these groups, the pooled (random-effects) risk of 
major bleeding was 0.7% (95% CI, 0.2%-1.7%). This 
is likely to represent a lower boundary for the base-
line risk of bleeding because patients judged to be at 
increased risk for bleeding were excluded from most 
trials of thromboprophylaxis. Relative contraindica-
tions to pharmacologic prophylaxis in trauma include 
severe head injuries, nonoperatively managed liver or 
spleen injuries, renal failure, spinal column fracture 
with epidural hematoma, severe thrombocytopenia, 
and coagulopathy.  192   

 8.3 Explanation of Evidence Profi les 

 For patients with major trauma who are at average 
risk for VTE and average risk for major bleeding, 
low-quality evidence suggests that pharmacologic 
prophylaxis with LDUH or LMWH can be expected 
to prevent approximately four times as many non-
fatal VTE events as nonfatal bleeding complications 
caused (Tables S23, S24). Low-quality evidence sug-
gests that mechanical prophylaxis with ES or IPC can 
be expected to prevent a similar number of nonfatal 
VTE events (Tables S25, S26) at a cost of an uncer-
tain number of skin complications. 

 For patients with major trauma who are at espe-
cially high risk for VTE and average risk for bleeding 
complications (eg, acute spinal cord injury, spinal sur-
gery for trauma), low-quality evidence suggests that 
pharmacologic prophylaxis with LDUH or LMWH can 
be expected to prevent almost 10 times as many non-
fatal VTE events as nonfatal bleeding complications 

 Seven randomized controlled trials of LMWH 
thromboprophylaxis in trauma limited enrollment to 
patients with isolated lower-extremity injuries; results 
of these trials and accompanying recommendations 
are described by Falck-Ytter et al  35   in this supple-
ment. Nineteen other trials enrolled diverse groups of 
moderately to severely injured patients, including eight 
trials in patients with spinal cord injury  30,166-172   and 
four studies in patients with orthopedic injuries.  173-176   
Studies evaluated both mechanical (eg, IPC, myo-
stimulation, continuous passive motion) and phar-
macologic (eg, LDUH, LMWH) interventions, but 
no randomized trials examined IVC fi lter placement 
or use of surveillance ultrasound. Study limitations 
included small samples, incomplete or absent blinding, 
unclear concealment of treatment allocation, use of 
surrogate outcomes, exclusion of large numbers of 
randomized patients from primary outcome assess-
ment, and imprecise results (Appendix S1). Accord-
ingly, there is little moderate- or high-quality direct 
evidence to support the use of one or more interven-
tions for thromboprophylaxis in trauma. Therefore, 
when making recommendations, we used estimates 
of relative risk from studies in other populations that 
suffered from less risk of bias and that were more 
precise. 

 8.1 Baseline Risk, Risk Factors, and Risk 
Stratifi cation for VTE 

 Numerous studies have examined the risk of VTE 
in trauma (Appendix S1). Across four studies of patients 
with mixed trauma, the risk of symptomatic VTE 
ranged from  .  1% to 7.6%.  61,177-179   The risk is prob-
ably highest among patients with spinal trauma 
(2.2% despite near-universal prophylaxis), acute spi-
nal cord injury (5%-6%), or traumatic brain injury 
(3%-5% among those who received pharmacologic 
prophylaxis within 24 to 48 h; up to 15% when ini-
tiation of pharmacologic prophylaxis was delayed 
beyond 48 h).  180-185   A systematic review identifi ed 
patients with spinal fractures (OR, 2.3; 95% CI, 1.4-3.6) 
or spinal cord injury (OR, 3.0; 95% CI, 1.8-5.4) as 
having a higher risk of VTE than other patients with 
trauma.  186   Older age has also been implicated as a risk 
factor for VTE in a number of studies.  177,178,187   

 Other independent risk factors for VTE, inconsis-
tent across studies, included blood transfusion, surgery, 
femoral or tibial fracture, and spinal cord injury  177  ; 
head injury, major operation, lower-extremity fracture, 
venous injury, and (especially)  .  3 days of mechan-
ical ventilation  178  ; and male sex, black race, complete 
paraplegia (vs tetraplegia), and multiple comorbidi-
ties.  181   Based on results of these studies, we believe 
that the baseline risk of VTE in most patients with 
major trauma is at least 3% to 5% and that the risk is 
even higher (8%-10%) among patients with traumatic 
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caused (Tables S23,S24). Moderate-quality evi-
dence suggests that both LDUH and LMWH can 
also be expected to prevent four deaths from PE per 
1,000 patients treated. The addition of mechanical 
prophylaxis can be expected to prevent 15 additional 
nonfatal VTE events per 1,000 patients treated 
(Table S27) at a cost of an uncertain number of skin 
complications. 

 For patients with major trauma at high risk for 
major bleeding (including those with traumatic brain 
injury), low-quality evidence suggests that the numbers 
of nonfatal VTE events prevented by pharmacologic 
methods are only slightly larger than the numbers 
of nonfatal major bleeding complications caused 
(Tables S23, S24). In these patients, mechanical pro-
phylaxis with ES or IPC prevents sizable numbers of 
nonfatal VTE events at the expense of skin compli-
cations but without increasing the risk of bleeding 
(Tables S25,S26). 

 Few studies address the optimal duration of pro-
phylaxis for patients with acute spinal cord injury. 
However, in a retrospective study of  .  16,000 patients 
discharged from California hospitals between 1991 
and 2001,  .  90% of all thromboembolic events 
reported within 1 year after injury occurred in the 
fi rst 91 days.  178   Pending further evidence, we agree 
with others  193   that 3 months is a reasonable time for 
VTE prophylaxis in most patients with acute spinal 
cord injury. Shorter durations may be appropriate 
for patients who regain purposeful movement of the 
lower extremities before 3 months, but further study 
is needed. For information about the use of IVC 
fi lters and DVT surveillance with VCU in trauma 
patients, please see sections 2.12, 2.13 and 3.5, and 
 Table 22 . 

 8.4 Recommendations for Patients With Trauma 

 Recommendations for patients with isolated lower-
extremity injuries are provided by Falck-Ytter et al  35   
in this supplement. 

  8.4.1. For major trauma patients, we suggest 
use of LDUH  (Grade 2C) , LMWH  (Grade 2C) , or 
mechanical prophylaxis, preferably with IPC 
 (Grade 2C) , over no prophylaxis.  

  8.4.2. For major trauma patients at high risk for 
VTE (including those with acute spinal cord 
injury, traumatic brain injury, and spinal sur-
gery for trauma), we suggest adding mechan-
ical prophylaxis to pharmacologic prophylaxis 
 (Grade 2C)  when not contraindicated by lower-
extremity injury.  

  8.4.3. For major trauma patients in whom 
LMWH and LDUH are contraindicated, we sug-

gest mechanical prophylaxis, preferably with 
IPC, over no prophylaxis  (Grade 2C)  when not 
contraindicated by lower-extremity injury. We 
suggest adding pharmacologic prophylaxis with 
either LMWH or LDUH when the risk of bleed-
ing diminishes or the contraindication to hep-
arin resolves  (Grade 2C) .  

  8.4.4. For major trauma patients, we suggest that 
an IVC fi lter should not be used for primary 
VTE prevention  (Grade 2C) .  

  8.4.5. For major trauma patients, we suggest 
that periodic surveillance with VCU should not 
be performed  (Grade 2C) .  

 9.0 Suggestions for Good Clinical Practice 

 The following general considerations for good clin-
ical practice apply to thromboprophylaxis in all sur-
gical groups: 

  • It may be advisable for every institution to have 
a formal, written policy for preventing VTE in 
surgical patients. 

  • Adherence with IPC often is less than optimal 
and, therefore, should be monitored actively. 
Portable, battery-powered devices capable of 
recording and reporting proper wear time may 
facilitate monitoring. Efforts should be made to 
achieve at least 18 h of use daily. 

  • Proper fi t and adherence with ES is necessary 
to ensure effi cacy. The correct pressure at 
the ankle level for primary prophylaxis is 18 
to 23 mm Hg, which is lower than for thera-
peutic stockings used to treat postthrombotic 
syndrome (30-40 mm Hg). Based on indirect 
evidence from patients with stroke,  29   we favor 
thigh-high elastic stockings over calf-high 
stockings. 

  • Relative contraindications to IPC and ES include 
dermatitis, skin breakdown, or ulceration; periph-
eral vascular disease; lower-extremity bypass 
procedure; and lower-extremity trauma with 
plaster cast. Unilateral compression in an unaf-
fected limb should not be used as the sole means 
of prophylaxis. 

  • In the overwhelming majority of trials that dem-
onstrated effi cacy, LDUH and LMWH were 
given 2 h preoperatively, although LMWH 
appears to be effective and is possibly associated 
with a lower risk of bleeding when the fi rst dose 
is given 12 h preoperatively.  194,195   

  • When using pharmacologic prophylaxis, we 
suggest following the manufacturer’s recom-
mendations for dosing. It may be prudent to 
consult with a pharmacist regarding dosing in 
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bariatric surgery patients and other patients 
who are obese who may require higher doses of 
LDUH or LMWH. 

 10.0 Recommendations for Research 

 Most of the recommendations in this guideline are 
based on low-quality evidence. Many older ran-
domized controlled trials were limited by small sam-
ples, incomplete blinding, unclear concealment of 
treatment allocation, and measurement of surro-
gate outcomes. Future randomized trials should 
enroll representative samples (ideally in community 
settings) and be adequately powered to show dif-
ferences in patient-important outcomes, including 
objectively confi rmed, symptomatic VTE events 
and clearly defi ned bleeding complications. Report-
ing of bleeding outcomes in trials involving sur-
gical patients should be standardized to include fatal 
bleeding, bleeding requiring reoperation, critical 
organ bleeding, and other consequential bleeding as 
recommended by the Scientifi c and Standardization 
Committee of the International Society on Thrombo-
sis and Haemostasis.  196-198   

 One high-priority target for randomized controlled 
trials is a comparison of pharmacologic prophylaxis 
(preferably with LMWH) with mechanical prophy-
laxis (preferably with IPC) in nonorthopedic surgical 
patients at moderate risk for VTE. Other priorities 
include a trial of IPC plus pharmacologic prophylaxis 
vs pharmacologic prophylaxis alone in patients at high 
risk for VTE and a trial of retrievable IVC fi lter place-
ment vs no IVC fi lter placement in high-VTE-risk 
patients who are not candidates for pharmacologic 
prophylaxis. 

 The VTE risk assessment models cited in this article 
have important limitations. Rigorously developed 
and extensively validated models of VTE risk in well-
defi ned surgical populations are urgently needed. 
There is a similar need for validated models that 
stratify the risk of bleeding complications in specifi c 
groups of surgical patients. 

 Relatively few studies have examined methods for 
implementing thromboprophylaxis guidelines in hos-
pital settings. Although passive dissemination alone 
appears to be inadequate, the relative effectiveness of 
electronic reminders, clinical champions, audit and 
feedback, and decision support requires further study.  199   
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 In this section, we provide additional details about 
selected trials of thromboprophylaxis and studies 

of baseline risk.  

 1.0 Randomized Controlled Trials in 
General and Abdominal-Pelvic Surgery  

 1.1 Low-Dose Unfractionated Heparin 
vs No Prophylaxis 

 The International Multicentre Trial (IMT) was an 
open-label study of prophylaxis in 4,121 adults who 
underwent major elective surgery at one of 28 cen-
ters in Europe, Australia, and South Africa in the 
early 1970s.  1   Participants were randomly assigned to 
receive either no prophylaxis or low-dose unfrac-
tionated heparin (LDUH) 5,000 units, with the fi rst 
dose given 2 h before surgery and subsequent doses 
administered every 8 h for 7 days. In this study, 
LDUH prophylaxis was associated with statistically 
signifi cant reductions in autopsy-confi rmed fatal pul-
monary embolism (PE) (87%), clinically suspected 
DVT (51%), clinically suspected and objectively con-
fi rmed DVT (65%), DVT detected by fi brinogen leg 
scanning (69%), and proximal DVT detected by fi brin-
ogen uptake testing (89%). Wound hematoma and 
excessive intraoperative bleeding were more com-
monly noted in the LDUH group, but risks of fatal 
bleeding and red cell transfusion were similar.   

 1.2 Low-Molecular-Weight Heparin vs No Prophylaxis 

 A large, randomized, blinded, placebo-controlled, 
Italian multicenter study examined prophylaxis with 
the low-molecular-weight heparin (LMWH) CY216 
(nadroparin) given once daily (fi rst dose given 2 h 

       Prevention of VTE in Nonorthopedic 
Surgical Patients 

 Antithrombotic Therapy and Prevention of Thrombosis, 9th ed: 
American College of Chest Physicians Evidence-Based Clinical 
Practice Guidelines               

Michael K. Gould, MD, FCCP; David A. Garcia, MD; Sherry M. Wren, MD; 
Paul J. Karanicolas, MD, PhD; Juan I. Arcelus, MD, PhD; John A. Heit, MD; 
and Charles M. Samama, MD, PhD, FCCP

before surgery) in patients undergoing abdominal 
(65%), thoracic (10%), pelvic (2%), or other surgery.  2 , 3   
In this study, treatment with nadroparin reduced all-
cause mortality by 56% and vascular mortality by 75%. 
However, reductions in clinically symptomatic, non-
fatal DVT (0.33; 95% CI, 0.09-1.23) and fatal PE 
(0.50; 95% CI, 0.12-2.08) were neither confi rmed nor 
excluded.   

 1.3 Aspirin vs No Prophylaxis  

  Data from studies of VTE prophylaxis with rela-
tively high doses of aspirin and other antiplatelet 
drugs have been summarized in a meta-analysis by 
the Antiplatelet Trialists Collaborative.  4   In its sub-
group analysis of studies performed in general sur-
gery patients, any antiplatelet therapy reduced the 
risk of asymptomatic distal or proximal DVT (com-
pared with no treatment or other treatment) by 37% 
in 22 trials (risk ratio [RR], 0.63; 95% CI, 0.47-0.79) 
accompanied by a 71% reduction in the risk of clin-
ical PE in 26 trials (RR, 0.29; 95% CI, 0.01-0.57) and 
a 39% increase in the risk of bleeding requir ing reop-
eration, hematoma formation, or wound infection in 
25 trials (RR, 1.39; 95% CI, 1.12-1.74). Similarly, in a 
subgroup analysis of studies comparing aspirin pro-
phylaxis alone to no prophylaxis in either general or 
orthopedic surgery, the risk of asymptomatic DVT 
was reduced by 23% in 10 trials (RR, 0.77; 95% CI, 
0.57-0.97) accompanied by a 67% reduction in clin-
ical PE in 21 trials (RR, 0.33; 95% CI, 0.03-0.63) and 
an 87% increase in the need for blood transfusion 
in 45 trials (RR, 1.87; 95% CI, 1.00-3.50). 

 Our reanalysis of data from the eight studies of 
general or abdominal surgery patients in which aspi-
rin alone was compared with no prophylaxis showed 
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that aspirin reduced the risk of asymptomatic distal 
or proximal DVT by 48%, proximal DVT by 59%, and 
PE by 57%, although there was mild to moderate het-
erogeneity in results across studies for each of these 
outcomes (Figs S12-S23). Differences in the risks of 
symptomatic DVT (RR, 0.90; 95% CI, 0.46-1.75) and 
death from any cause were neither confi rmed nor 
excluded. In the two studies that reported bleeding 
complications, the risk of bleeding was 61% greater 
among those who received aspirin. Important limita-
tions of these studies include unclear concealment of 
allocation sequence in seven studies, exclusion of 
patients after randomization in two studies, and 
unclear or absent blinding in two studies; inconsis-
tency across studies for VTE outcomes; and impreci-
sion in the relative risk of bleeding complications. In 
addition, six studies used fi brinogen uptake scanning 
for surveillance of asymptomatic DVT.    

 2.0 Uncontrolled and Nonrandomized 
Studies in Bariatric Surgery  

 2.1 Low-Dose Unfractionated Heparin  

  Several uncontrolled studies reported patient-
important outcomes among bariatric surgery patients 
treated with LDUH (Table S6).  5 - 12   Typical daily doses 
ranged between 10,000 and 15,000 units, and many 
patients received adjunctive prophylaxis with elastic 
stockings (ES), intermittent pneumatic compression 
(IPC), and inferior vena cava (IVC) fi lters. Across 
studies, the risk of PE ranged from 0% to 0.85% 
(median, 0.24%), and the risk of major bleeding com-
plications varied from 0% to 2.4% (median, 1.2%).   

 2.2 Standard- vs High-Dose LMWH  

  Three studies compared standard doses of LMWH 
with a higher dose of the same LMWH preparation 
and reported patient-important outcomes in bariatric 
surgery patients, including one randomized controlled 
trial and two nonrandomized controlled trials.  13 - 15   A 
small, open-label randomized controlled trial com-
pared nadroparin 5,700 International Units/d with 
nadroparin 9,500 International Units/d in 60 patients 
undergoing Roux-en-Y gastric bypass.  13   There were 
no symptomatic or asymptomatic VTE events in 
either group, but there were two major bleeding com-
plications in the high-dose group and no bleeding 
complications in the usual-dose group. In another 
prospective study of 40 patients who underwent lap-
aroscopic gastric bypass or banding and received 
either enoxaparin 40 mg/d or enoxaparin 60 mg/d, 
there were no symptomatic VTE events in either 
group.  15   After the third dose of enoxaparin, 44% of 
patients in the low-dose group but none in the high-

dose group had serum anti-Xa levels below the authors’ 
therapeutic range. However, supratherapeutic levels 
were seen in 57% of patients in the high-dose group. 
Finally, in a retrospective analysis of 481 consecutive 
patients undergoing bariatric procedures, 92 patients 
received enoxaparin 30 mg bid, and 389 patients 
received 40 mg bid. There were fi ve (5.4%) symptom-
atic VTE events in the low-dose group and two (0.6%) 
symptomatic VTE events in the high-dose group along 
with one major bleeding complication in each group. 

 The relationship between BMI and anti-Xa levels 
following administration of LMWH is uncertain, with 
at least one study showing a strong negative correla-
tion  16   and another showing no correlation.  17   A small, 
open-label randomized controlled trial measured 
anti-Xa levels in 66 bariatric surgery patients, including 
36 patients who were assigned to receive standard 
doses of parnaparin (median, 4,250 International 
Units) and 30 who received higher doses (median, 
6,400 International Units), both for 7 to 11 days 
beginning 12 h before surgery.  18   In this study, 98% of 
those in low-dose group were within the therapeutic 
range, whereas 63% of those in the high-dose group 
were supratherapeutic. However, another nonran-
domized study found therapeutic anti-Xa levels after 
the third dose of enoxaparin in 42% of the high-
dose group (40 mg bid) but in only 9% of the low-
er-dose group (30 mg bid).  19     

 2.3 LMWH vs LDUH  

  In a nonrandomized prospective comparison of 
patients undergoing laparoscopic gastric bypass, 238 
received enoxaparin 40 mg bid preoperatively and 
until discharge, whereas 238 patients received LDUH 
5,000 units tid preoperatively and until discharge.  20   
All patients were treated with sequential compres-
sion devices and early ambulation. There was one PE 
in the LDUH group. Fourteen patients (6%) in the 
enoxaparin group required postoperative transfu-
sions compared with three (1%) in the heparin group 
( P   5  .01). Four patients (1.7%) in the enoxaparin 
cohort required reexploration for bleeding compared 
with none in the LDUH cohort.   

 2.4 Extended- vs Limited-Duration LMWH  

  In another prospective cohort study of 308 bariat-
ric surgery patients, 90% of whom underwent laparo-
scopic Roux-en-Y gastric bypass, all patients received 
enoxaparin 30 mg bid until discharge, whereas 
176 patients also received a 10-day course of enox-
aparin 40 mg once daily at home after discharge.  21   
The risk of VTE was lower (0%) in the extended-
duration group than in the limited-duration group 
(4.5%), and two-thirds of VTE events occurred after 
discharge in patients who had negative fi ndings on 
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ultrasound at the time of discharge. Bleeding compli-
cations were similar in the two groups.    

 3.0 Randomized Controlled Trials 
in Cardiac Surgery 

 We identifi ed two randomized controlled trials of 
VTE prophylaxis in cardiac surgery patients. An 
unblinded trial in 330 patients undergoing coronary 
artery bypass graft (CABG) surgery compared ES 
alone with ES plus IPC.  22   Asymptomatic proximal 
DVT was seen in fi ve of 164 (3.0%) patients in the 
combination therapy group and six of 166 (3.6%) 
patients who received ES alone, and there was one 
PE in each group, including one fatal PE in the com-
bination group. 

 Another large, unblinded trial compared LDUH 
plus IPC with LDUH alone in patients who under-
went cardiac surgery at a single center over a period 
of 10 years.  23   In this study, clinically suspected, 
objectively confi rmed PE was observed in 21 of 
1,355 (1.5%) patients in the combination group and 
48 of 1,196 (4.0%) patients in the LDUH group.   

 4.0 Randomized Controlled Trials in 
Thoracic Surgery 

 In a small, double-blind randomized controlled trial, 
Cade et al  24   compared LDUH 5,000 units bid with 
LDUH 7,500 units bid in 100 patients undergoing 
diverse major thoracic procedures. DVT by daily 
fi brinogen uptake was seen in 16 of 49 (33%) patients 
in the low-dose group vs 11 of 51 (22%) patients in 
the higher-dose group, but most DVT were distal. 
Two episodes of popliteal DVT were seen in the low-
dose group. Excessive postoperative bleeding was not 
observed in either group. 

 One other study compared fi xed-dose with weight-
adjusted dose nadroparin in 148 patients undergoing 
thoracic operations for cancer. In this unblinded study, 
there were no episodes of symptomatic VTE and no 
ultrasound evidence of asymptomatic DVT on post-
operative day 8 in either group, but major bleeding 
was three times more frequent in the adjusted-dose 
group (9% vs 3%).  25     

 5.0 Randomized Controlled Trials in 
Craniotomy Patients 

 A meta-analysis made several comparisons, including 
IPC vs no prophylaxis, LDUH vs no prophylaxis, 
LDUH vs LMWH, and IPC vs LMWH.  26   In two 
trials that compared IPC and no prophylaxis in mixed 
neurosurgery patients,  27 , 28   IPC reduced the risk of 
any DVT (including asymptomatic and distal DVT) 

by 59% and PE by 63%. However, in three studies 
that compared LDUH and no prophylaxis,  29 - 31   four 
studies that compared LDUH and LMWH  32 - 35   and 
two trials that compared IPC with LMWH,  36 , 37   dif-
ferences in the risk of DVT or PE were neither 
documented nor excluded. In four studies that com-
pared LMWH and nonpharmacologic management  36 - 39   
and three studies that compared LDUH and non-
pharmacologic management,  29 , 30 , 40   an increased risk 
of intracranial hemorrhage was neither confi rmed 
nor excluded.   

 6.0 Randomized Controlled Trials 
in Major Trauma 

 Numerous different interventions were studied: 
three compared mechanical methods with no pro-
phylaxis,  41 - 43   one compared different mechanical 
methods,  44   one compared LDUH with IPC and no 
prophylaxis,  43   two compared LMWH with mechanical 
methods,  45 , 46   two compared LMWH with LDUH,  47 , 48   
one compared combination therapy with LDUH and 
continuous passive motion against LDUH alone,  49   
one compared fi xed-dose with adjusted-dose LMWH, 
and one compared early initiation of enoxaparin 
(within 24-48 h after injury) with foot pump plus 
delayed initiation of enoxaparin (5 d after injury).  50   
There were no randomized trials of IVC fi lter place-
ment or ultrasound surveillance. 

 In one study that compared IPC with no prophy-
laxis in patients with orthopedic injuries,  42   there was 
a possible 65% reduction in proximal DVT, but results 
failed to demonstrate or exclude an effect on symp-
tomatic VTE (Figs S52-S54). Pooled results from this 
study and two others of mixed trauma surgical patients 
(one of which compared myostimulation to no pro-
phylaxis) failed to demonstrate or exclude an effect 
on either outcome. An underpowered study of adult 
patients with trauma compared LDUH with no pro-
phylaxis and similarly failed to demonstrate or exclude 
an effect on symptomatic VTE or proximal DVT.  43   
In another study that compared foot pumps with 
IPC, the overall risk of proximal DVT was 20%, but 
results neither confi rmed nor excluded a difference 
between the two treatment groups.  44   Pooled results 
from three studies that compared pharmacologic with 
mechanical prophylaxis did not confi rm or exclude 
differences in symptomatic VTE or major bleeding, 
but there was an (imprecise) 89% reduction in the 
risk of proximal DVT (OR, 0.11; 95% CI, 0.01-0.92). 

 Three studies compared LMWH and LDUH in 
patients with moderate to severe trauma  47 , 48   or acute 
spinal cord injury.  51   Symptomatic VTE was uncommon, 
and differences between groups were neither con-
fi rmed nor excluded (Figs S52-S54). In one study, the 
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risk of proximal DVT was 62% lower in the LMWH 
group, but the risk of major bleeding was more than 
fi ve times higher.  48   Pooled results across these three 
studies and one other study that compared LDUH 
plus IPC with LMWH  52   failed to demonstrate or 
exclude an effect on major bleeding. 

 In another study performed in patients with ortho-
pedic trauma, the risk of proximal DVT was 90% 
lower in those who received LDUH plus contin-
uous passive motion compared with LDUH alone.  49   
Finally, in a study of hospitalized patients with 
blunt skeletal trauma that compared early initiation 
of LMWH with delayed initiation plus use of a foot 
pump, results failed to demonstrate or exclude an 
effect on the risk of symptomatic VTE or major bleeding 
complications.  50   

 In summary, low-quality but direct evidence from 
studies in patients with trauma suggests that the 
risk of asymptomatic proximal DVT is reduced by 
89% with pharmacologic prophylaxis (compared 
with mechanical methods), by 58% with LMWH 
(compared with LDUH), and by 90% with com-
bined LDUH plus continuous passive motion (com-
pared with LDUH alone). However, pooled results 
from fi xed-effects models failed to demonstrate 
or exclude a benefi cial effect of any intervention 
on symptomatic VTE and major bleeding outcomes 
(Figs S52-S54).   

 7.0 Studies of Baseline Risk, Risk Factors, 
and Risk Stratification for VTE  

 7.1 Baseline Risk, Risk Factors, and Risk 
Stratifi cation for VTE in General and 
Abdominal-Pelvic Surgical Patients  

  In a prospective registry of 2,373 consecutive 
patients who underwent abdominal, urologic, gyne-
cologic, or thoracic surgery for cancer (82% of whom 
received prophylaxis, including LMWH in 74%), 
the overall risk of postoperative VTE was 2.1%, and 
VTE risk factors included age  �    60 years, prior VTE, 
anesthesia  �    2 h, and bed rest  �    4 days.  53   Similarly, 
in a retrospective review of 1,862 patients under-
going gynecologic surgery (all of whom received 
IPC prophylaxis), independent risk factors included 
age  .    60 years, prior VTE, and cancer.  54   The risk of 
VTE was more than fi ve times higher among patients 
who had two or three risk factors (3.2%) than it was 
among those who had zero or one risk factor (0.6%).  55   

 A study of 2,208 patients who underwent radi-
cal or partial nephrectomy reported that the inci-
dence of VTE was 1.5% (95% CI, 1.1%-2.1%), 
despite use of mechanical prophylaxis with IPC in 
all patients. In bivariate analyses, greater intraopera-
tive blood loss, longer hospital stay, and a history of 

arrhythmia were associated with an increased risk of 
VTE. 

 In another retrospective study of 8,216 general, 
vascular, and urologic surgery patients, most of 
whom received either mechanical or pharmacologic 
prophylaxis, the observed risk of clinically suspected 
and objectively confi rmed VTE up to 30 days after 
surgery was 1.4%.  56   Independent risk factors for VTE 
included sepsis, pregnancy or postpartum state, cen-
tral venous access, malignancy, prior VTE, and (espe-
cially) inpatient hospital stay longer than 2 days. 
Another retrospective review of abdominal surgical 
discharges from a national managed-care database 
reported that only 2% of 131,181 patients received 
pharmacologic prophylaxis; symptomatic VTE occurred 
in 3% of patients.  57   VTE risk factors in this study 
included older age, male sex, longer length of hos-
pital stay, and higher Charlson comorbidity score. 

 In a large prospective study of 75,771 veterans 
who underwent one of eight common surgical pro-
cedures, the 30-day risk of VTE was 0.7%; use of 
VTE prophylaxis was not described.  58   In this study, 
most of the moderate to strong independent risk 
factors for VTE were surgical complications, includ-
ing urinary tract infection, acute renal insuffi ciency, 
postoperative transfusion, perioperative myocardial 
infarction, and pneumonia. Somewhat surpris-
ingly, hemodialysis, diabetes, and higher preopera-
tive albumin levels were associated with a reduced 
risk of VTE. 

 Finally, among 183,069 patients from the Patient 
Safety in Surgery Study who underwent general, vas-
cular, and thoracic procedures at one of 128 Veterans 
Administration medical centers or 14 private-sector 
hospitals between 2002 and 2004, the 30-day risk of 
VTE was only 0.6%; once again, use of prophylaxis 
was not reported.  59   Independent predictors of VTE 
included patient factors (female sex, higher American 
Society of Anesthesiologists class, ventilator depen-
dence, preoperative dyspnea, disseminated cancer, 
chemotherapy within 30 days, and  .    4 units red cell 
transfusion) and preoperative laboratory values (albu-
min level,  ,    3.5 mg/dL; bilirubin level,  .    1.0 mg/dL; 
sodium level,  .    145 mmol/L; hematocrit level,  ,    38%).   

 7.2 Baseline Risk, Risk Factors, and Risk 
Stratifi cation for VTE in Vascular Surgery  

  In studies of patients who underwent open-
abdominal vascular procedures for aneurysm or occlu-
sive arterial disease,  60 - 66   the median risk of asymptomatic 
proximal DVT was 3% (range, 0%-9%), and the median 
risk of symptomatic VTE was 0.5% (range, 0%-1.5%), 
despite documented use of pharmacologic or com-
bined prophylaxis in two of the studies. In one study of 
patients who did not receive prophylaxis, asymptomatic 
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proximal DVT was reported in 9% of patients who 
underwent abdominal procedures. In three small 
studies of patients undergoing endovascular aortic 
repair, the median risk of symptomatic VTE was 
1%.  66 - 68   The risk was 0% in a study that used com-
bination prophylaxis in all patients,  66   whereas it was 
6% in a study in which  ,    20% of patients received 
LDUH.  68   

 In studies of patients who underwent peripheral 
vascular surgery, the median risk of asymptomatic 
proximal DVT was 6% (range, 0%-23%), although there 
were no symptomatic episodes of DVT or PE.  63 , 65 , 69 - 72   
Data from seven studies of patients undergoing 
lower-extremity amputation suggest that the risks of 
asymptomatic proximal DVT (median, 14.3%) and 
symptomatic VTE (median, 2.9%) are moderate in 
this group, although some of these studies were per-
formed  .    30 years ago.  63 , 73 - 78   

 Risk factors for VTE in vascular surgery are not 
well established, although several studies have 
attempted to identify risk factors with little success. 
In a prospective study of 193 patients undergoing 
abdominal aortic aneurysm repair, there was no asso-
ciation between VTE and numerous potential risk 
factors, including age, BMI, cardiovascular disease, 
prior VTE, aneurysm diameter, preoperative use of 
antiplatelet or anticoagulant therapy, duration of 
surgery, or laboratory variables.  66   In another pro-
spective study of 72 patients undergoing lower-
extremity amputation, there was no association 
between VTE and age, diabetes, malignancy, prior 
amputation, lower-extremity vascular surgery, or dialysis.  76   
In yet another prospective study of 50 consecutive 
aortic surgery patients, there was no association 
between VTE and clamp time, intraoperative heparin 
dose, blood loss, transfusion, or use of protamine.  79     

 7.3 Baseline Risk, Risk Factors, and Risk 
Stratifi cation for VTE in Cardiac Surgery  

  Relatively precise but possibly dated estimates 
of the risk of VTE following cardiac surgery come 
from the California Patient Discharge Data Set for 
the years 1992 to 1996.  80   In this large data set, 
the risks of VTE in the 91 days after CABG and 
valve replacement were 1.1% and 0.5%, respec-
tively. Similarly, in an analysis of registry data from 
New York State in 1999, 133 of 16,325 (0.8%) patients 
were readmitted for VTE within 30 days following 
CABG.  81   Unfortunately, information about use of 
prophylaxis was not reported in either of these studies. 

 Additional, albeit confl icting, evidence comes 
from three even older retrospective studies.  82 - 84   
One reported a relatively high risk of PE (3.2%), 
whereas the others reported lower risks of VTE 
(0.7%) and PE (0.6%). More recently, in a smaller 

prospective study of 270 CABG surgery patients, 
the risk of (asymptomatic) proximal DVT was 2.6%, 
despite the use of prophylaxis in almost 90% of 
the patients. Another recent study of both car-
diac and thoracic surgery patients reported that 
the risk of VTE was reduced after implementation 
of a locally developed VTE prevention guideline 
(0% vs 0.4%).   

 7.4 Baseline Risk, Risk Factors, and Risk 
Stratifi cation for VTE in Thoracic Surgery    

 Several small, prospective studies measured asymp-
tomatic VTE by using fi brinogen uptake,  85 , 86   compres-
sion ultrasound,  87 , 88   or CT pulmonary angiography.  89   
Two early studies in thoracic surgery used fi brinogen 
uptake to identify DVT in 51% of patients and prox-
imal DVT in 9%.  85 , 86   In two other studies, the risk of 
asymptomatic DVT by ultrasound was 4% to 19%.  87 , 88   
A more recent study identifi ed PE by CT pulmonary 
angiography in seven patients (14%), but only two 
patients had symptoms.  89   

 Other estimates of baseline VTE risk in thoracic 
surgery come from retrospective studies. These 
studies have the advantage of reporting clinically 
suspected rather than surveillance-detected events. 
In one retrospective study of 179 consecutive patients 
with stage I non-small cell lung cancer undergo-
ing video-assisted thoracoscopic lobectomy, PE was 
observed in 1.1% of patients.  90   In another retrospec-
tive study of 149 patients undergoing thoracoscopic 
lobectomy, fatal PE occurred in one patient with a 
history of recurrent PE, despite use of full anticoagu-
lation.  91   Two larger studies reported relatively high 
rates of PE. In one study of 693 thoracotomies for 
lung cancer, symptomatic VTE was observed in 1.7% 
of patients, including PE in 1.3% despite routine use 
of prophylaxis with LDUH or LMWH. In another 
analysis of 1,735 lung resections for malignancy, 
autopsy-confi rmed fatal PE occurred in 1.2% of 
patients despite ongoing heparin prophylaxis in most 
of them.  92   Another study of 706 thoracic surgery 
patients reported objectively confi rmed PE in 20 of 
344 patients (7%) who did not receive any prophy-
laxis but zero of 362 (0%) who wore IPC.  93   Finally, 
the 91-day risk of clinically detected VTE for almost 
13,000 patients undergoing major lung resection for 
malignant disease was 1.6% in the California Patient 
Discharge Data Set.  80     

 7.5 Baseline Risk, Risk Factors, and Risk 
Stratifi cation for VTE in Spinal Surgery  

  Several uncontrolled studies, most of them pro-
spective, have examined the risk of VTE in spinal 
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surgery patients. In a recent systematic review of 
14 studies, the pooled risks of DVT and PE (variably 
defi ned) were 1.09% (95% CI, 0.54%-1.64%) and 
0.06% (95% CI, 0.01%-0.12%), respectively.  94   In this 
analysis, operative level and underlying diagnosis did 
not appear to infl uence the risk of DVT. Another sys-
tematic review reported that the pooled risk of DVT 
in the absence of pharmacologic prophylaxis appeared 
to be slightly higher among patients who underwent 
surgery for trauma (6.0%) or deformity (5.3%) than 
for those who underwent surgery for degenerative 
conditions (2.3%).  95   Most studies were limited by 
small samples and the measurement of asymptomatic 
DVT detected by ultrasound surveillance, although 
one large retrospective study reported a very low risk 
of symptomatic DVT (0.05%) among 1,919 patients 
who received heparin prophylaxis and did not undergo 
surveillance.  96   An older review of 15 studies calcu-
lated that the mean risk of VTE across studies was 
7.1%, but this varied from 0% to 56% and depended 
on the defi nition of VTE and methods used for pro-
phylaxis and surveillance.  97   

 Risk factors for VTE in spinal surgery patients 
likely include a combined anterior-posterior approach, 
multiple operative levels, and patient-related factors 
such as older age, prior VTE, and malignancy.  98 , 99   In a 
population-based, retrospective analysis of discharges 
from California hospitals in 1992 to 1996, the risk of 
symptomatic VTE within 91 days of surgery was 0.5% 
(95% CI, 0.4%-0.5%) among 34,355 patients who 
underwent spinal surgery for nonmalignant disease, 
whereas the risk of VTE was 2.0% (95% CI, 1.4%-2.6%) 
among 1,545 patients who underwent spinal surgery 
for malignant disease.  80     

 7.6 Baseline Risk, Risk Factors, and Risk 
Stratifi cation for VTE in Trauma  

  A prospective study of 716 consecutive patients 
with major trauma and an injury severity score  �    9, of 
whom none received any form of prophylaxis, dem-
onstrated a substantial risk of asymptomatic VTE.  100   
In this study, 58% of 349 patients who underwent 
venography had evidence of DVT 14 to 21 days after 
admission, 18% had proximal DVT, and 2.5% had 
symptomatic VTE before venography could be per-
formed. Independent risk factors for VTE included 
older age, blood transfusion, surgery, femoral or tibial 
fracture, and spinal cord injury. 

 A retrospective analysis of  .    10,000 admissions to 
the trauma service at a single institution between 
1995 and 2000 reported that the risk of symptomatic 
DVT, PE, and any VTE was  �    0.6%, 0.3%, and 
2.8%, respectively.  101   During the study period, most 
patients received at least one form of prophylaxis 
in accordance with an evolving protocol, and ultra-

sound surveillance was used selectively in  �    10% of 
patients. 

 A study from roughly the same time period that 
included 450,000 patients who received care at one 
of 131 trauma centers that contributed data to the 
National Trauma Data Bank of the American College 
of Surgeons  102   reported risks of VTE and PE of 0.36% 
and 0.13%, respectively, although neither outcome 
was specifi cally defi ned and use of prophylaxis was not 
reported. Independent risk factors for VTE, in order 
of increasing magnitude, included head injury with 
acute injury score  �    3, major operation, lower-extremity 
fracture with acute injury score  �    3, age  �    40 years, 
venous injury, and (especially)  .    3 days of mechan-
ical ventilation. In a more recent retrospective study 
of nosocomial complications in 525 adult patients 
with trauma at a single tertiary-care center, the risk of 
clinically diagnosed VTE was 7.6%.  103   In a more nar-
rowly defi ned sample of 978 patients who underwent 
spinal surgery for trauma over the 25-year period 
ending in 2004, symptomatic, objectively confi rmed 
VTE was observed in 22 (2.2%) despite near-universal 
use of prophylaxis, including pharmacologic or com-
bined prophylaxis in 97% of patients.  104   

 Observational studies have addressed the risk of 
symptomatic VTE in patients with acute spinal cord 
injury.  105   In a cohort of 716 patients with major trauma 
who received neither pharmacologic nor mechanical 
prophylaxis, spinal cord injury was the strongest of 
fi ve independent risk factors for DVT.  100   In this study, 
21 of 26 (81%) patients with acute spinal cord injury 
had venographic evidence of DVT, although most 
events were probably asymptomatic. In a retrospec-
tive review of 16,240 patients with acute spinal cord 
injury in California from 1991 to 2001, the 91-day 
incidence of symptomatic VTE was 5.4%.  106   The risk 
remains elevated from the time of acute injury 
through rehabilitation. Among patients with spinal 
cord injury from the National Spinal Cord Injury 
Statistical Center database, the risk of symptomatic 
VTE during the rehabilitation phase decreased from 
15.1% in 1996 to 6.1% in 1998.  107   

 In the large retrospective study by Jones et al,  106   
risk factors for VTE included male sex, black race, 
complete paraplegia (vs tetraplegia), and multiple 
comorbidities. In another study of 243 patients with 
acute spinal cord injury who were admitted for reha-
bilitation, 51 developed objectively confi rmed VTE. 
Groups at highest risk included men and women 
aged  .    35 years with cancer, women between the 
ages of 36 and 58 years without cancer, and cancer-
free men with fl accid paralysis.  108   A systematic review 
of observational studies in trauma reported that 
spinal fractures and spinal cord injury were associated 
with an increased risk of VTE, whereas sex, long-bone 
fracture, pelvic fracture, and head injury were not.  109   
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 More recent evidence suggests that the risk of VTE 
may indeed be elevated following head injury.  110   In a 
retrospective study of 500 patients with traumatic 
brain injury, the risk of clinically suspected, objec-
tively confi rmed VTE was 3.8%, despite the use of 
combined pharmacologic and mechanical prophylaxis 
in all patients.  111   In another study of  .    18,000 patients 
with trauma, the risk of DVT was especially high 
in those with traumatic brain injury and appeared 
to increase as the time to initiation of prophylaxis 
increased.  112   More specifi cally, among patients with 
brain injury, the risk of clinically suspected and objec-
tively confi rmed DVT increased from 3.6% among 
2,098 patients who received pharmacologic prophy-
laxis within 24 h, to 15.4% among 1,307 patients in 
whom prophylaxis was withheld for 48 h. Among patients 
without brain injury, the risks were 0.7% and 5.2% 
for the early and delayed prophylaxis groups, respec-
tively. Likewise, another study of patients with hemor-
rhagic shock following injury reported that although 
the risk of objectively confi rmed VTE over up to 28 days 
was 5% among those who received prophylaxis within 
48 h of injury, it was three times higher among those 
who did not receive prophylaxis until after day 4.  113      

 8.0 Studies of Baseline Risk, Risk Factors, 
and Risk Stratification for Major Bleeding  

 8.1 Baseline Risk, Risk Factors, and Risk 
Stratifi cation for Major Bleeding in Abdominal and 
Pelvic Surgery  

  In a nonrandomized comparison of LMWH plus 
ES vs ES alone in patients undergoing gastric cancer 
surgery,  114   the risk of postoperative bleeding was not 
associated with age, sex, BMI, comorbidity, history of 
abdominal surgery, combined resection, open vs lap-
aroscopic procedure, type of lymph node dissection, 
or operating time. In a study of 362 patients who 
underwent pancreaticoduodenecomy,  115   risk factors 
for major bleeding included sepsis, pancreatic leak, 
and sentinel bleed. In a study of 1,759 patients who 

underwent partial hepatic resection at a tertiary-care 
center, independent risk factors for red cell transfu-
sion included the number of segments resected, con-
comitant extrahepatic organ resection, primary liver 
malignancy, and lower preoperative hemoglobin levels 
and platelet counts .   116   

 In a secondary analysis of data from a large ran-
domized controlled trial of LMWH vs LDUH in 
abdominal surgery,  117   independent predictors of 
major bleeding (defi ned as that requiring discontinu-
ation of prophylaxis, transfusion, reoperation, or evac-
uation or that attributed to the study drug) included 
male sex, preoperative hemoglobin level  ,    13 g/dL, 
malignancy, and complex surgery defi ned as two or 
more procedures, diffi cult dissection, or more than 
one anastamosis.  118   The magnitude of increased risk 
was greatest for malignancy (OR, 1.8) and complex 
surgery (OR, 3.5). Across this and 35 other trials 
of LMWH vs LDUH prophylaxis,  119   the pooled risk 
of major bleeding in the LDUH group was three 
times higher among patients undergoing surgery 
for cancer (8.1%) than those undergoing noncan-
cer surgery (2.7%).   

 8.2 Baseline Risk, Risk Factors, and Risk 
Stratifi cation for Major Bleeding in Vascular 
Surgery  

  An analysis of data from a registry of 4,587 patients 
who underwent carotid endarterectomy in northern 
New England from 2003 to 2008 suggested that the 
risk of bleeding requiring reoperation was lower 
among those who received protamine (0.6%) than 
those who did not (1.7%).  120   According to informa-
tion from four statewide administrative databases 
for the years 1998 to 2003, bleeding complications 
(defi ned as anemia due to acute blood loss or postop-
erative hemorrhage, hematoma, or seroma) were less 
common following endovascular than open surgery 
for aortic aneurysm repair (8% vs 17.1%) and lower-
extremity revascularization (7.3% vs 11.1%), but 
bleeding was more common following endovascular 
than open carotid surgery (5.3% vs 3.9%).  121               
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 Figure S1.      UFH vs no prophylaxis: nonfatal pulmonary embolism. df  5  degrees of freedom; M-H  5   Mantel-Haenszel;  
UFH  5  unfractionated heparin.    

 © 2012 American College of Chest Physicians
 by Ronald Sing on March 15, 2012chestjournal.chestpubs.orgDownloaded from 

http://chestjournal.chestpubs.org/


  9
© 2012 American College of Chest Physicians. Reproduction of this article is prohibited without written permission from the American 
College of Chest Physicians (http://www.chestpubs.org/site/misc/reprints.xhtml). DOI: 10.1378/chest.11-2297

 Figure S2.      UFH vs no prophylaxis: nonfatal bleeding. See Figure S1 legend for expansion of abbreviations.    
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 Figure S3.      UFH vs no prophylaxis: fatal pulmonary embolism. See Figure S1 legend for expansion of abbreviations.    
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 Figure S4.      UFH vs no prophylaxis: fatal bleeding. See Figure S1 legend for expansion of abbreviations.    
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 Figure S5.      UFH vs no prophylaxis: Death from any cause. See Figure S1 legend for expansion of abbreviations.    
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 Figure S6.      Low-dose ASA 160 mg vs placebo: nonfatal PE. ASA  5  aspirin; HFS  5  hip fracture surgery; PE  5  pulmonary embolism; 
PEP  5  Pulmonary Embolism Prevention trial; THR  5  total hip replacement; TKR  5  total knee replacement. See Figure S1 legend for 
expansion of other abbreviations.    

 Figure S7.      Low-dose ASA 160 mg vs placebo: symptomatic DVT. See Figure S1 and S6 legends for expansion of abbreviations.    
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 Figure S8.      Low-dose ASA 160 mg vs placebo: bleeding requiring reoperation. See Figure S1 and S6 legends for expansion of 
abbreviations.    

 Figure S9.      Low-dose ASA 160 mg vs placebo: major nonfatal bleeding. See Figure S1 and S6 legends for expansion of abbreviations.    

 © 2012 American College of Chest Physicians
 by Ronald Sing on March 15, 2012chestjournal.chestpubs.orgDownloaded from 

http://chestjournal.chestpubs.org/


  15
© 2012 American College of Chest Physicians. Reproduction of this article is prohibited without written permission from the American 
College of Chest Physicians (http://www.chestpubs.org/site/misc/reprints.xhtml). DOI: 10.1378/chest.11-2297

 Figure S10.      Low-dose ASA 160 mg vs placebo: nonfatal MI. MI  5  myocardial infarction. See Figure S1 and S6 legends for expansion of 
other abbreviations.    

 Figure S11.      Low-dose ASA 160 mg vs placebo: total mortality. See Figure S1 and S6 legends for expansion of abbreviations.    
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 Figure S12.      High-dose ASA vs no prophylaxis: symptomatic DVT. See Figure S1 and S6 legends for expansion of abbreviations.    

 Figure S13.      High-dose ASA vs no prophylaxis: pulmonary embolism. See Figure S1 and S6 legends for expansion of abbreviations.    

 Figure S14.      High-dose ASA vs no prophylaxis: proximal DVT. See Figure S1 and S6 legends for expansion of abbreviations.    

 Figure S15.      High-dose ASA vs no prophylaxis: any DVT. See Figure S1 and S6 legends for expansion of abbreviations.    
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 Figure S16.      High-dose ASA vs no prophylaxis: bleeding (excessive intraoperative or other). See Figure S1 and S6 legends for expansion 
of abbreviations.    

 Figure S17.      High-dose ASA vs no prophylaxis: death. See Figure S1 and S6 legends for expansion of abbreviations.    

 Figure S18.      High-dose ASA vs other prophylaxis: symptomatic DVT. See Figure S1 and S6 legends for expansion of abbreviations.    

 Figure S19.      High-dose ASA vs other prophylaxis: pulmonary embolism. See Figure S1 and S6 legends for expansion of abbreviations.    
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 Figure S21.      High-dose ASA vs other prophylaxis: any DVT. See Figure S1 and S6 legends for expansion of abbreviations.    

 Figure S22.      High-dose ASA vs other prophylaxis: major bleeding. See Figure S1 and S6 legends for expansion of abbreviations.    

 Figure S23.      High-dose ASA vs other prophylaxis: death. See Figure S1 and S6 legends for expansion of abbreviations.    

 Figure S20.      High-dose ASA vs other prophylaxis: proximal DVT. See Figure S1 and S6 legends for expansion of abbreviations.    

 © 2012 American College of Chest Physicians
 by Ronald Sing on March 15, 2012chestjournal.chestpubs.orgDownloaded from 

http://chestjournal.chestpubs.org/


  19
© 2012 American College of Chest Physicians. Reproduction of this article is prohibited without written permission from the American 
College of Chest Physicians (http://www.chestpubs.org/site/misc/reprints.xhtml). DOI: 10.1378/chest.11-2297

 Figure S24.      Combination vs pharmacologic prophylaxis: any DVT. Between-subgroup heterogeneity:  x  2   5    2.03,  df   5    2,  P   5  .36. 
FP  5  foot pump; GCS  5  graduated compression stockings; IPC  5  intermittent pneumatic compression. See Figure S1 legend for expansion 
of other abbreviation.    

 © 2012 American College of Chest Physicians
 by Ronald Sing on March 15, 2012chestjournal.chestpubs.orgDownloaded from 

http://chestjournal.chestpubs.org/


20
© 2012 American College of Chest Physicians. Reproduction of this article is prohibited without written permission from the American 
College of Chest Physicians (http://www.chestpubs.org/site/misc/reprints.xhtml). DOI: 10.1378/chest.11-2297

 Figure S25.      Combination vs pharmacologic prophylaxis: proximal DVT. Between-subgroup heterogeneity:  x  2   5    2.26,  df   5    1,  P   5  .13. See 
Figure S1 and S24 legends for expansion of abbreviations.    

 Figure S26.      Combination vs pharmacologic prophylaxis: pulmonary embolism. Between-subgroup heterogeneity:  x  2   5    0.12,  df   5    1, 
 P   5  .73. See Figure S1 and S24 legends for expansion of abbreviations.    
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 Figure S27.      Combination vs pharmacologic prophylaxis: any VTE. See Figure S1 and S24 legends for expansion of abbreviations.    

 Figure S28.      Combination vs pharmacologic prophylaxis: any DVT (stratifi ed by surgical population). Between-subgroup heterogeneity: 
 x  2   5    0.99,  df   5    1,  P   5  .32. See Figure 1 legend for expansion of abbreviation.    
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 Figure S29.      Combination vs pharmacologic prophylaxis: proximal DVT (stratifi ed by surgical population). Between-subgroup heteroge-
neity:  x  2   5    0.06,  df   5    1,  P   5  .81. See Figure 1 legend for expansion of abbreviation.    

 Figure S30.      Combination vs pharmacologic prophylaxis: pulmonary embolism (stratifi ed by surgical population). Between-subgroup 
heterogeneity:  x  2   5    0,  df   5    1,  P   5    1.00. See Figure 1 legend for expansion of abbreviation.    
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 Figure S31.      Combination vs pharmacologic prophylaxis: any VTE (stratifi ed by surgical population). See Figure 1 legend for expansion 
of abbreviation.    

 Figure S32.      Combination vs pharmacologic prophylaxis: any DVT (stratifi ed by background agent). Between-subgroup heterogeneity: 
 x  2   5    2.60,  df   5    3,  P   5  .46. LMWH  5  low-molecular-weight heparin. See Figure 1 legend for expansion of abbreviations.    
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 Figure S33.      Combination vs pharmacologic prophylaxis: proximal DVT (stratifi ed by background agent). Between-subgroup heteroge-
neity:  x  2   5    3.37,  df   5    3,  P   5  .34. See Figure S1 and S32 legends for expansion of abbreviations.    
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 Figure S34.      Combination vs pharmacologic prophylaxis: pulmonary embolism (stratifi ed by background agent). Between-subgroup het-
erogeneity:  x  2   5    0.16,  df   5    3,  P   5  .98. See Figure S1 and S32 legends for expansion of abbreviations.    

 Figure S35.      Combination vs pharmacologic prophylaxis: any VTE (stratifi ed by background agent). See Figure S1 legend for expansion 
of abbreviations.    
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 Figure S36.      Combination vs pharmacologic prophylaxis: any DVT (stratifi ed by allocation concealment). Between-subgroup heterogeneity: 
 x  2   5    0.49,  df   5    1,  P   5  .48. See Figure S1 legend for expansion of other abbreviation.      

 Figure S37.      Combination vs pharmacologic prophylaxis: proximal DVT (stratifi ed by allocation concealment). Between-subgroup 
heterogeneity:  x  2   5    1.83,  df   5    1,  P   5  .18. See Figure S1 and S36 legends for expansion of abbreviations.    
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 Figure S38.      Combination vs pharmacologic prophylaxis: pulmonary embolism (stratifi ed by allocation concealment). Between-subgroup 
heterogeneity:  x  2   5    0.13,  df   5    1,  P   5  .72. See Figure S1 and S36 legends for expansion of abbreviations.    

 Figure S39.      Combination vs pharmacologic prophylaxis: any VTE (stratifi ed by allocation concealment). See Figure S1 and S36 legends 
for expansion of abbreviations.    
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 Figure S40.      Combination vs pharmacologic prophylaxis: any DVT (stratifi ed by blinding of outcome assessment). Between-subgroup 
heterogeneity:  x  2   5    0.19,  df   5    1,  P   5  .66. See Figure S1 and S36 legends for expansion of abbreviations.    

 Figure S41.      Combination vs pharmacologic prophylaxis: proximal DVT (stratifi ed by blinding of outcome assessment). Between-subgroup 
heterogeneity:  x  2   5    1.54,  df   5    1,  P   5  .21. See Figure S1 and S36 legends for expansion of abbreviations.    
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 Figure S42.      Combination vs pharmacologic prophylaxis: pulmonary embolism (stratifi ed by blinding of outcome assessment). Between-
subgroup heterogeneity:  x  2   5    0.24,  df   5    1,  P   5  .62. See Figure S1 and S36 legends for expansion of abbreviations.    

 Figure S43.      Combination vs pharmacologic prophylaxis: any VTE (stratifi ed by blinding of outcome assessment). See Figure 1 legend 
for expansion of abbreviation.    
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 Figure S44.      Combination vs pharmacologic prophylaxis: any DVT (stratifi ed by diagnostic method). Between-subgroup heterogeneity: 
 x  2   5    10.8,  df   5    4,  P   5  .03. FUT  5  fi brinogen uptake test; TC  5  technetium; veno  5  venography; US  5  ultrasound. See Figure S1 legend 
for expansion of other abbreviation.    
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 Figure S45.      Combination vs pharmacologic prophylaxis: proximal DVT (stratifi ed by diagnostic method). Between-subgroup heterogeneity: 
 x  2   5    2.17,  df   5    2,  P   5  .34. See Figure S1 and S44 legends for expansion of abbreviations.    
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 Figure S46.      Combination vs pharmacologic prophylaxis: pulmonary embolism (stratifi ed by diagnostic method). Between-subgroup 
heterogeneity:  x  2   5    1.07,  df   5    3 ( P   5  .78). See Figure S1 and S44 legends for expansion of abbreviations.    

 Figure S47.      Combination vs pharmacologic prophylaxis: any VTE (stratifi ed by diagnostic method). See Figure S1 and S44 legends for 
expansion of abbreviations.    
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 Figure S48.      Vascular surgery, UFH vs no prophylaxis. 48.1, Asymptomatic, proximal DVT, symptomatic DVT or pulmonary embolism. 
48.2, Symptomatic DVT or pulmonary embolism. 48.3, Major bleeding. 48.4, Bleeding requiring reoperation. 48.5, Death. 48.6, Fatal 
bleeding. See Figure S1 legend for expansion of abbreviations.    
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Figure S48. Continued
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 Figure S49.      Vascular surgery, UFH plus IPC vs no prophylaxis. 49.1, Asymptomatic, proximal DVT, symptomatic DVT, or pulmonary 
embolism. 49.2, Symptomatic DVT or pulmonary embolism. 49.3, Major bleeding. 49.4, Bleeding requiring reoperation. 49.5, Death. 
49.6, Fatal bleeding. See Figure S1 and S24 legends for expansion of abbreviations.    
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Figure S49. Continued
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 Figure S50.      Vascular surgery: ASA vs no prophylaxis. 50.1, Asymptomatic, proximal DVT, symptomatic DVT, or pulmonary embolism. 
50.2, Symptomatic DVT or pulmonary embolism. See Figure S1 and S6 for expansion of abbreviations.    

 © 2012 American College of Chest Physicians
 by Ronald Sing on March 15, 2012chestjournal.chestpubs.orgDownloaded from 

http://chestjournal.chestpubs.org/


38
© 2012 American College of Chest Physicians. Reproduction of this article is prohibited without written permission from the American 
College of Chest Physicians (http://www.chestpubs.org/site/misc/reprints.xhtml). DOI: 10.1378/chest.11-2297

 Figure S51.      Vascular surgery: LMWH vs UFH. 51.1, Asymptomatic, proximal DVT, symptomatic DVT, or pulmonary embolism. 51.2, 
Symptomatic DVT or pulmonary embolism. 51.3, Major bleeding. 51.4, Bleeding requiring reoperation. 51.5, Death. 51.6, Fatal bleeding. 
See Figure S1 and S32 legends for expansion of abbreviations.    
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Figure S51. Continued
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 Figure S52.      Major trauma: symptomatic VTE. 52.1, IPC, FP, or myostimulation vs no prophylaxis. 52.2, LDUH vs no prophylaxis. 52.3, FP 
vs IPC. 52.4, Pharmacologic vs mechanical. 52.5, LMWH vs LDUH. 52.6, Combined (LDUH plus CPM) vs LDUH. 52.7, Delayed 
vs early LMWH. CPM  5  continuous passive motion; LDUH  5  low-dose unfractionated heparin. See Figure S1, S24, and S32 legends for 
expansion of other abbreviations.    
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Figure S52. Continued
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 Figure S53.      Major trauma: proximal DVT. 53.1, IPC, FP, or myostimulation vs no prophylaxis. 53.2, LDUH vs no prophylaxis. 
53.3, FP vs IPC. 53.4, Pharmacologic vs mechanical. 53.5, LMWH vs LDUH. 53.6, Combined (LDUH plus CPM) vs LDUH. See Figure S1, 
S24, S32 and S52 legends for expansion of abbreviations.    
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Figure S53. Continued
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 Figure S54.      Major trauma: major bleeding. 54.1, FP vs IPC. 54.2, Pharmacologic vs mechanical. 54.3, LMWH vs LDUH. 54.4, Delayed 
vs early LMWH. See Figure S1, S24, S32 and S52 legends for expansion of abbreviations.    

 © 2012 American College of Chest Physicians
 by Ronald Sing on March 15, 2012chestjournal.chestpubs.orgDownloaded from 

http://chestjournal.chestpubs.org/


  45
© 2012 American College of Chest Physicians. Reproduction of this article is prohibited without written permission from the American 
College of Chest Physicians (http://www.chestpubs.org/site/misc/reprints.xhtml). DOI: 10.1378/chest.11-2297

 Table S1   —Medline Search Strategy  

  Prevention in nonorthopedic surgery patients 

 Executed November 4, 2009 

 1. embolism/ or thromboembolism/ or venous thrombosis/ or thrombophlebitis/ 

 2. exp Bariatric Surgery/ 

 3. colorectal surgery/ or general surgery/ or gynecology/ or neurosurgery/ or otolaryngology/ or surgery, plastic/ or thoracic surgery/ 
or traumatology/ or urology/ 

 4. exp “wounds and injuries”/ or exp abdominal injuries/ or amputation, traumatic/ or exp arm injuries/ or asphyxia/ or athletic injuries/ 
or exp back injuries/ or exp barotrauma/ or exp burns/ or exp craniocerebral trauma/ or exp dislocations/ or exp drowning/ or exp electric 
injuries/ or esophageal perforation/ or exp fractures, bone/ or exp fractures, cartilage/ or exp hip injuries/ or lacerations/ or exp leg injuries/ 
or multiple trauma/ or exp neck injuries/ or exp radiation injuries/ or retropneumoperitoneum/ or exp rupture/ or shock, traumatic/ or 
soft tissue injuries/ or spinal cord injuries/ or exp spinal injuries/ or exp thoracic injuries/ or exp trauma, nervous system/ or exp wounds, 
nonpenetrating/ or exp wounds, penetrating/ 

 5. exp Cardiovascular Surgical Procedures/ 

 6. prophylax$.mp. 

 7. Primary Prevention/ 

 8. Secondary Prevention/ 

 9. prevent$.mp. [mp  5  title, original title, abstract, name of substance word, subject heading word, unique identifi er] 

 10. 4 or 3 or 2 or 5 

 11. 8 or 6 or 7 or 9 

 12. 11 and 1 and 10 

 13. limit 12 to (English language and humans and yr  5  “   2005-Current”)  
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Table S4—Characteristics of Studies That Compared Mechanical Plus Pharmacologic Prophylaxis With 
Pharmacologic Prophylaxis Alone

First Author, Year Population
Mechanical 
Prophylaxis

Background 
Agent

Concealed 
Allocation

Blinded Outcome 
Assessment

Diagnostic 
Method Comments

Barnes, 195  1978 Hip surgery GCS ASA Y NR Ultrasound 1 
venography

Stopped early

Bergqvist, 196  1984 Abdominal GCS Dextran NR Y FUT

Eisele, 197  2007 Orthopedic IPC LMWH 1 GCS NR NR Ultrasound

Fredin, 198  1989 Elective hip GCS Dextran NR Y FUT

Kalodiki, 199  1996 Elective hip GCS LMWH Y Y Venography

Lieberman, 200  1994 Orthopedic IPC ASA 1 epidural 
1 GCS

NR NR Venography

Ohlund, 201  1983 Elective hip GCS Dextran NR NR FUT

Rasmussen, 202  1988 GS GCS UFH NR NR Technetium plasmin

Silbersack, 203  2004 Elective hip/knee IPC LMWH NR NR Ultrasound

Siragusa, 204  1994 Elective hip IPC UFH NR Y Venography

Smith, 205  1978 General surgical IPC Dextran NR Y FUT

Stannard, 206  1996 Elective hip FP UFH, ASA NR Y DUS 1 venography

Torngern, 207  1980 General surgical GCS UFH NR NR FUT

Wille-Jørgensen, 208  
1985

Abdominal GCS UFH NR Y FUT 1 venography

Wille-Jørgensen, 209  
1991

Abdominal GCS UFH Y NR FUT 1 venography

Wille-Jørgensen, 149  
1996

Abdominal GCS UFH NR Y FUT 1 venography

See Table S2 and S3 legends for expansion of abbreviations
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