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Introduction: Chemoprophylaxis with either unfractionated Heparin (UFH) or Low Molecular

Weight Heparin (LMWH) are recommended to prevent Venous Thromboembolism (VTE) after

trauma. Experimental work has shown beneficial effects of LMWH in animal models, but it is

unknown if  similar effects  exist  in humans. We hypothesized that  treatment with LMWH is

associated with a survival benefit when compared to UFH.

Methods:  We performed a retrospective analysis of our level I trauma center database from

January 2009 to June 2018. Pediatric patients (age < 18) were included if they received either

LMWH or UFH during their stay. Outcome measures included mortality, VTE complications,

and hospital length of stay (HLOS). 

Results:  354  patients  were  included.  Patients  who  received  LMWH  had  lower  mortality

compared to those who received UFH. After multivariate logistic regression, LMWH was still

independently associated with improved survival. No association being found between LMWH

and  UFH  regarding  deep  vein  thrombosis  (DVT)  or  pulmonary  embolism  (PE)  rates.  No

association was found between LMWH with HLOS. 

Conclusion: LMWH was associated with improved survival compared to UFH in our pediatric

trauma patients. This was independent of injury severity or VTE complications. Further studies

are required to better understand the mechanisms by which LMWH improves survival.

Keywords: Trauma, Pediatrics, Mortality, VTE Prophylaxis, Low Molecular Weight Heparin

Level of Evidence: 3



1.0 Introduction 

Venous thromboembolism (VTE) is a serious complication caused by the inappropriate

clotting of blood. This can result in either a deep vein thrombosis (DVT), a clot usually found in

the deep veins of lower extremities, or a pulmonary embolism (PE), a clot found in the major

arteries of the lung. VTE complications are clinically significant, and can often result in fatality,

with mortality rates of up to 10-30% within 30 days of onset.1 Trauma and orthopedic injuries

associated with trauma are significant risk factors for developing VTE, irrespective of age.1-2

Although the incidence is significantly higher in adults, and traditionally children are thought to

be low-risk for VTE, the rate of VTE in the pediatric population is increasing, highlighting the

importance of chemical and ambulatory prophylactic care.3 

The current standard of care for VTE prophylaxis in adults is the administration of either

low molecular weight heparin (LWMH) or unfractionated heparin (UFH).4 In pediatric patients,

the standard of care is less clear and can be dependent on the age of the patient and the severity

of their injury.5 Current EAST guidelines states that pharmacologic prophylaxis be used only in

children over fifteen or postpubertal children under the age of 15 with an ISS greater than 25.5

However, these guidelines are not definitive due to the lack of supportive data and low quality of

evidence. While both UFH and LMWH are used regularly in a clinical setting, lower cost and

more  predictable  dose  response  has  led  to  LMWH  often  being  the  preferred  choice  of

chemoprophylaxis. 6-8

In addition, LMWH has also been shown to demonstrate beneficial effects in vitro and in

vivo animal models9-11 although there is little data to support whether this benefit translates to the

pediatric  population.  While  clinical  data  supports  the  use  of  LMWH,  there  could  be  other

mechanisms yet to be elucidated that impact the benefit it may have on patient survival. Given



this prior research, we planned to investigate if a similar outcome would be seen in pediatric

trauma patients that received LMWH compared to UFH. Our hypothesis was that LMWH would

confer a survival benefit in pediatric trauma patients that receive it when compared to UFH.

2.0 Methods

2.1 Study Design, Population, and Outcomes

We performed a retrospective analysis of our level I trauma center pediatric database

from January 5th, 2009 to June 30th, 2018. We included all pediatric trauma patients who received

thromboprophylaxis with either LMWH or UFH. Inclusion criteria were patients under 18 years

of age and received either LMWH of UFH for thromboprophylaxis during their hospital stay.

Patients were excluded if they were dead on arrival or had medication crossover during their

stay. Patients were stratified into two groups; LMWH vs. UFH. Our primary outcome measure

was survival. Secondary outcome measures were VTE complications, hospital length of stay, and

hospital charges. Appropriate institutional review board (IRB) review and approval was obtained

for the study. Informed consent was not required from the patients due to the retrospective nature

of the analysis. 

2.2 Variables Analyzed

The following variables  were  evaluated for  each patient:  demographics  (age,  gender,

race, ethnicity); injury parameters (mechanism of injury, injury severity score [ISS], and body

regions abbreviated injury scale score (AIS) [head-AIS, thorax-AIS, abdomen-AIS, extremity-

AIS]); emergency department (ED) vitals (Glasgow Coma Scale [GCS], systolic blood pressure

[SBP], heart rate [HR], and respiratory rate [RR]); type of operative intervention (craniotomy,



craniectomy,  laparotomy,  laparoscopy,  colectomy,  thoracotomy,  cardiac  procedure,  open

reduction internal fixation [Tibia and Fibula, Tarsals and Metatarsals, Femur, Ankle, Carpals and

Metacarpals,  Humerus,  Facial  Bones,  Radius  and  Ulna],  vertebral  operative  intervention);

ventilation days; ICU length of stay (LOS); type of thromboprophylactic agent used (LMWH vs.

UFH); complications (DVT, PE, superficial surgical site infection [SSSI], organ space surgical

site  infection  (SI),  deep  surgical  site  infection  (SSI),  acute  renal  failure  [ARF],  sepsis,  and

mortality); hospital characteristics (hospital LOS, ICU length of stay, and hospital charges).

The definitions of our variables were defined based on the descriptions from the Trauma

Quality Improvement Database (TQIP). AIS is defined as the following abbreviated definition:

“severity codes that reflect the patient’s injuries”. The Scale is ranked from 1 to 6, with 1 being

classified  as  a  “minor  injury”  and  6  being  classified  as  “maximum  injury,  virtually

unsurvivable”. SSI is defined as the following abbreviated TQIP guidelines: “involves deep soft

tissues of the incision (e.g., fascial and muscle layers) AND has purulent drainage or organisms

identified from incision AND has either a fever >38°C, localized pain or tenderness, or other

signs of infection.” Organ space SI  is defined as the following abbreviated TQIP guidelines:

“infection involving any part of the body deeper than the fascial/muscle layers, that is opened or

manipulated during the operative procedure AND has either purulent drainage from a drain that

is placed into the organ/space, organisms identified from organ space, or an abscess or other

evidence of infection involving the organ/space”.



2.3 Statistical Analysis

Data are reported as proportions for categorical variables (%), as means with standard

deviation for continuous parametric variables (mean   SD), and as medians with interquartile

range (median [IQR]) for continuous non-parametric variables. We performed the student’s t-test

and the Mann-Whitney U-test to explore the differences between parametric and non-parametric

continuous variables in the two groups. The Pearson Chi-square (X2) test was used to compare

the categorical variables between the two groups. Alpha was set at 5% and a p-value <0.05 was

considered statistically significant.

We performed univariate logistic and linear regression analyses to assess the association

between each variable and the outcomes. The variables with significant association on univariate

analysis (i.e., p-value < 0.2) were then used in a multivariate regression model. On multivariate

logistic and linear regression analyses, the association was considered significant if the p-value

was <0.05. Multivariate regression was performed to control for possible confounders including

age, gender, race, mechanism of injury, ISS, GCS, ED SBP, ED HR, hospital and ICU LOS,

ventilation  days,  and  type  of  operative  intervention.  To  compare  survival  between  the  two

groups, Kaplan Meier survival curves were plotted and compared using the log rank test. To

further evaluate outcomes across age groups, sub analysis was performed by breaking down the

patient population into three groups (age 0 through ≤9; age 10 through ≤14; age 15 through ≤17).

3.0 Results

From the 9 years of available data and an average annual trauma volume of 200-300

pediatric patients, a total of 354 pediatric trauma patients were identified (Table 1 shows their

demographics  and  injury  characteristics).   The  sample  was  stratified  based  on  the



thromboprophylaxis agent used: 237 UFH and 117 LMWH. 3 patients had medication crossover

over during their stay and were not included in the study population. Mean age was 12.7 ± 5.4

years, 61.6% were male and 86% were white. The majority of patients (84%) sustained blunt

trauma compared to (13%) penetrating and (3%) burns, with a mean ISS of 17 [9-26]. Most

patients were normotensive with a SBP of 126± 22 mmHg but tachycardic with a pulse of 109 ±

28  beats  per  minute  (BPM).  Level  of  consciousness  and  neurological  status  was  generally

preserved with a median GCS of 14[5-15]. 64% of patients underwent an operative intervention

following admission. In comparison to patients who received UFH, those who received LMWH

were older (15.4  2.4 vs 11.4  5.9; p<0.01), had a higher GCS on presentation (15 [14-15] vs.

14 [3-15]; p<0.01), higher ED SBP (131  19 vs. 123  27; p=0.008), less ventilation days (2 [1-

4] vs. 5 [2-10]; p<0.01) and were more likely to undergo an operative intervention (71.8% vs.

60.8%; p=0.04), specifically open reduction internal fixation (23% vs 11%; p<0.01). Patients

who received LMWH sustained injuries of lower severity (11 [9-19] vs. 17 [10-28]; p<0.01)

especially in the head (2 [2-3] vs. 4[3-5]; p<0.01) and abdominal region (2 [2-3] vs. 3 [2-4];

p=0.02).  No  significant  differences  were  found  between  the  two  groups  regarding  gender

(p=0.8),  race  (p=0.21),  ethnicity  (p=0.62),  mechanism  of  injury  (p=0.95),  and  operative

intervention  type  ([craniotomy  (p=0.32),  [craniectomy  (p=0.34)],  [laparotomy  (p=0.11],

[laparoscopy  (p=0.21)],  [colectomy  (p=0.07)],  [thoracotomy  (p=0.73)],  [cardiac  procedure

(p=0.22)], [vertebral operative intervention (p=0.52)]). 

Table 2 demonstrates the difference in outcomes between the two groups. Patients who

received LMWH had a lower mortality rate (0.9% vs. 10.1%, p=0.001) compared to those who

received  UFH.  After  multivariable  logistic  regression  analysis,  adjusting  for  the  following

variables (age, gender), injury parameters (ISS, body regions AIS), admission parameters (GCS,



ED SBP), ventilation days, ICU LOS, the need and type of operative intervention (craniotomy,

craniectomy,  laparotomy,  laparoscopy,  colectomy,  thoracotomy,  cardiac  procedure,  open

reduction  internal  fixation,  vertebral  operative  intervention),  LMWH  was  an  independent

predictor of survival in comparison to UFH (OR 1.11[1.05-1.2]; p=0.04). After separating the

population into three different age groups (age 0 through ≤9; age 10 through ≤14; age 15 through

≤17) and assessing for survival based on prophylaxis administration, patients age 10 through ≤14

were less  likely to survive if  they received Heparin compared to  LWMH (0.0% vs.  10.1%,

p=0.04). Patients age ≤9 showed clinically significant improvement in survival if they received

LWHW, however, it was not statistically significant (0.0% vs. 16.9%, p=0.37). Patients age 15

through ≤17 showed no difference in survival if they received LMWH or UFH. GCS was also a

significant predictor for survival  (OR 1.31[1.15-1.49];  p<0.01).  On the other  hand,  ISS (OR

0.95[0.9-0.99];  p=0.03)  was  an  independent  predictor  of  increased  mortality.  Table  3

demonstrates the results of univariate and multivariate regression analyses.

There were no significant differences between the two groups regarding rates of all in-

hospital complications such as DVT (0% vs. 1.7%; p=0.15), PE (0% vs. 0.8%; p=0.32), SSSI

(1.7% vs.  0.4%; p=0.21),  ARF (0.9% vs.  1.3%; p=0.73),  and sepsis (0% vs.  0.4%; p=0.48)

(Table 3). Patients in the LMWH group had significantly shorter hospital LOS (4[2-8] vs. 8[4-

17]; p<0.01), ICU LOS (3 [1-5] vs. 5 [3-11]; p<0.01) and lower mean hospital charges (p<0.01).

Although UFH was a significant predictor of longer hospital LOS on univariate analysis,

after  adjustment  for  confounding  variables,  the  choice  of  thromboprophylaxis  agent  was  no

longer  a  significant  predictor  of  hospital  LOS  (β=0.39[-1.53-2.32];  p=0.68).  Significant

predictors  of  longer  hospital  LOS  were  operative  intervention  (β=2.85[1.13-4.57];  p=0.001)

whilst younger age was a predictor of a shorter hospital LOS (β=-0.17[-0.33-(-0.01)]; p=0.031).



Factors  that  did not  have an independent effect  on hospital  LOS were gender (p=0.73),  ISS

(p=0.81),  GCS (p=0.79),  and  ED SBP (p=0.67).  Table  4 demonstrates  the  results  of  linear

regression analysis.  

Figure 1 demonstrates Kaplan Meier survival curves for the two groups. Survival in the

LMWH group was significantly higher compared to the UFH group (p=0.014).

4.0 Discussion

These  data  supported  our  hypothesis  indicating  that  LMWH independently  improved

survival in this group of moderate to severely injured pediatric trauma patients when compared

to UFH. This apparent advantage was not related to or confounded by the reduction in VTE

associated morbidity  and mortality,  sepsis,  SSSI,  and ARF complication rates.  This  survival

benefit could be explained by the different pharmacokinetic and pharmacodynamic profiles of

the medications. While LMWH is derived from UFH, there are notable differences between how

each medication gains its anticoagulant activity. UFH is indirect and stems from the binding of

UFH to  antithrombin  (AT).12 This  binding  produces  rapid  inhibition  of  thrombin  and  other

clotting factors, reducing the bloods ability to coagulate effectively.12 UFH also binds to plasma

proteins and cells, giving it  an unpredictable pharmacological profile in vivo so that patients

have more variation in anticoagulation state.7 LMWH, prepared by depolymerization of UFH, is

one  third  the  molecular  weight  and has  less  affinity  to  proteins  and cells,  giving it  a  more

predictable  dose  response  profile,  increasing  its  specifity,  and  increasing  its  half-life.7,13-14

Additionally, UFH has been shown to be more difficult to maintain at therapeutic levels for the

pediatric  population.15 This  is  primarily  because  UFH is  cleared  renally  at  a  higher  rate  in

pediatric  patients.16 Second,  the presentation of VTE complications in children are often not



immediately recognized in a clinical setting or they present with atypical symptoms.16 This could

potentially increase the rate at which UFH is cleared by the body from the already progressed

clotting pathology.16,18 LMWH also has a lower incidence of heparin induced thrombocytopenia

(HIT)  and  probable  reduced  risk  of  osteoporosis,  further  contributing  to  the  benefit  to  the

patient.19-20 

Animal studies that have investigated the varying effects of LMWH could also explain

why our LMWH patient population had such a profound mortality benefit. A study published in

the  CNS  Drug  Reviews  by  Stutzmann  et  al.11 found  that  enoxaparin,  a  LMWH,  exhibited

neuroprotective effects to rats who suffered from cerebral ischemia, brain edema, or traumatic

brain injuries (TBI). In the TBI model, they report that enoxaparin promoted significant memory

improvement in a dose dependent fashion. They also showed LMWH was more effective at

preventing microthrombus and blood coagulation with less risk of hemorrhage for the same anti-

Xa activity when compared to UFH. Enoxaparin and UFH were both found to reduce cerebral

inflammation, however enoxaparin had a lower potential for hemorrhage and longer half-life,

suggesting it is more beneficial and safer to use for its possible neuroprotective effects.11 While

this neuroprotective benefit of enoxaparin has been replicated in humans in a randomized clinical

trial, the small patient population of the study limits the accuracy of the results.21 In regards to

our study, the majority of our patient population with a worse head-AIS score received UFH

rather  than LWMH, suggesting that  UFH may not supply this  same benefit.  Both UFH and

LMWH  have  also  been  shown  to  demonstrate  anti-inflammatory  properties.22-23 This  is

significant  from  the  perspective  of  trauma,  as  inflammation  from  trauma,  especially  when

prolonged, has been associated with a worse overall  prognosis.24 One animal study observed

LMWH to markedly reduce the anti-inflammatory response with a similar mechanism of potent



Non-Steroidal  Anti-inflammatory  Drugs  (NSAIDs),  while  UFH  did  not.25 Additionally,  a

different study by Downing et al.23 suggests that the mechanism for LMWH’s anti-inflammatory

effects  is  completely  separate  from  its  anti-coagulant  properties,  further  demonstrating  that

LMWH may have an unperceived underlying benefit  for those who receive it  for their VTE

prophylaxis.  In  regards  to  our  study  population  specifically,  a  reduction  in  systemic

inflammation may significantly contribute to the perceived mortality benefit seen in the LMWH

trauma patients. 

Furthermore, current available evidence also suggests that LMWH provides a benefit to

patients through reduction in circulating Von Willebrand Factor (vWF). vWF, a glycoprotein

released by endothelial  cells after  primary hemostasis,  is  important  in mediating adhesion of

platelets and the binding of clotting factors.26-27 UFH has been shown to release more vWF when

compared to LMWH.28-30 However, an increased serum level of vWF has been associated with

higher  rates  of  revascularization,  myocardial  infarction  (MI),  and  mortality.31 In  children

specifically, elevated serum vWF has been shown to be related to vascular damage.32 There is

some evidence that LMWHs, particularly enoxaparin, lowers serum vWF, however conclusions

from this study should be tempered as it was performed with a small sample size.29

Although  patients  with  more  severe  injuries  received  UFH,  both  LMWH  and  UFH

demonstrated no difference in VTE associated morbidity or mortality in our study population.

Current literature investigating chemical prophylaxis in pediatric patients is very limited, and

there is no clear evidence which medication is better at preventing VTE complications. Available

evidence investigating VTE rate in adults typically states that LMWH has a higher efficacy in

VTE prevention.33-34 Jacobs et al.35 found that LMWH was better at reducing the rate of VTE, PE,

DVT, and mortality in trauma patients. However, it should be noted that a different study that



targeted non-trauma patients found that LMWH and UFH are comparable, with no treatment

providing  a  significant  reduction  in  VTE complication  rate.36 While  our  study  observed  no

statistical difference in overall VTE rate between those that received UFH or LWMH, we did

observe mortality differences between different age groups. UFH was associated with a higher

likelihood of mortality for patients aged 10 to 14. Patients below age 10 demonstrated clinically

significant findings of increased mortality associated with UFH use. Interestingly, post-pubertal

patients between the ages of 15 and 17 demonstrated no difference in mortality rate between

LMWH and UFH use.  This  may suggest  that  LMWH is  more beneficial  in younger  patient

populations versus those with adult or near adult physiology.

Their is a lack of literature in chemical VTE prophylaxis for children with few guidelines

or algorithms regarding VTE screening or VTE prophylaxis protocol.  Our institution had no

definitive guidelines for VTE prophylaxis in place for the years data was collected. Prophylaxis

administration was largely done on an independent case-by-case basis with a multi-disciplinary

approach. It was typically considered unnecessary to administer prophylaxis if the patient was

under 13, post-pubertal or if they were ambulatory, which is recommended by EAST guidelines.

Patients  with  TBI  or  other  neurological  injuries  were  placed  on  prophylaxis  according  to

neurosurgical recommendations. For these patients, prophylaxis did not start until 24 hours after

a stable neurological exam and head imaging. For patients with isolated spinal injuries, LMWH

was  typically  the  preferred  anticoagulant,  however,  UFH  is  the  more  preferred  choice  of

prophylaxis for patients with head injuries due to its reversibility in light of a significant bleeding

event.  VTE  prophylaxis  was  administered  on  a  symptomatic  basis  and  was  not  routinely

screened for in our  population based upon EAST guidelines  for  VTE screening in pediatric

populations.5 We recommend that  multicenter  prospective studies be performed to determine



which  medication  is  more  effective  at  preventing  VTE  complications  in  this  population

specifically.

Patients who received UFH were more likely to stay in the hospital for twice as long

when compared to those that received LMWH. However, this can easily be attributed to the fact

that UFH recipients sustained more serious injuries and had a lower GCS on admission. Upon

multivariate  analysis  and  after  controlling  for  confounding  variables,  UFH did  not  have  an

impact on hospital LOS. Admission GCS also did not impact hospital LOS, however it was an

independent  predictor  of  survival.  It  should  be  noted  that  results  investigating  LOS do  not

account for insurance or other complications that develop during the patient’s care that could

prolong LOS.

Hospital charges were also lower in patients that received LMWH, but again this is likely

explained by the fact that patients who received UFH had a longer hospital LOS and more severe

injuries.  However,  several  studies  investigating  patient  cost  versus  VTE  prophylaxis  found

LMWH, while more expensive up front, reduces the cost of care through less complications.25, 33

While  our  results  support  the  overall  lower  hospital  costs  of  LMWH,  it  cannot  be  drawn

conclusively due to the lack of VTE incident and other controlled variables. We recommend

explicit cost studies be performed to determine which medication treatment has a greater cost

benefit for patients.

The limitations of our study stem from its retrospective nature performed in a single level

one trauma center (not specifically designated for pediatric trauma until 2018). The study was

designed to reduce bias as much as possible within the scope of the utilized database using

multivariable logistic regression analysis and adjusting for all measurable confounding factors.

With this in mind, there still can be unmeasurable variables and we cannot account for these



residual  confounding  factors.  This  is  a  universal  limitation  within  our  study  that  cannot  be

adjusted  for.  Additionally,  while  the  data  set  and results  reflect  our  hospital,  this  limits  the

sample size and the ability to extrapolate conclusions nationally. We are currently working on a

similar project looking at patients from the TQIP which may help strengthen our conclusions.

The low incidence of VTE complications, while not unusual for a pediatric population, limits the

conclusions that can be drawn, and a larger sample size would provide more reliable results. Our

dataset did not support a true control group with patients that received no prophylaxis, and we

were  unable  to  provide  additional  analysis  on  comparing  a  control  group  with  our  patient

population. This limits our ability to determine if prophylaxis is increasing mortality in certain

patient groups. Information on when prophylaxis started and the number of doses received was

unavailable, however this does not impact the fact that LMWH provided a survival benefit given

that each group had no difference in VTE complication rate. While admission GCS and head-

AIS were available in our database, we were unable to determine if one form of prophylaxis

improved neurological outcomes due to limitations in our data set and lack of data recording any

changes in GCS. We recommend a prospective,  multicenter study be performed to assess if

LMWH provides a significant improvement in neurological outcomes. We were unable to obtain

the exact cause of death, limiting the findings of fatal complications that one form of prophylaxis

may  have  been  associated  with.  For  operative  intervention,  we  were  unable  to  control  for

surgeon variety  in  each group.  Lastly,  we were  unable  to  obtain  data  on why one form of

prophylaxis was used over another, as our hospital is still developing a definitive standard of care

protocol  for VTE prophylaxis in pediatric  trauma patients.  This limits  the application of the

results towards medication effectiveness for specific indications. 



5.0 Conclusion

Our results show an apparent association between the use of LMWH and survival in

pediatric trauma patients, although the exact mechanism of this beneficial effect remains to be

elucidated, especially in light of the fact that LMWH and UFH were comparable in rates of VTE

complication and hospital LOS. Further prospective studies should be done to investigate and

confirm the observed potential benefits of LMWH in this group of trauma patients.
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