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Patients undergoing trauma surgery are at significant 
risk for developing thromboembolism. Venous 
thromboembolism rates, especially after less common 
surgical procedures are unknown. The purpose of this 
study is to establish data on the incidence of venous 
thromboembolism in trauma practice following a 
surgical procedure.
All surgical trauma procedures between 2006 and 2011 
were identified within the Achmea Health Database. 
This database records medical care to persons insured 
at the Achmea health insurance company. This is the 
largest health insurance company in the Netherlands. 
In the year following the surgical procedure we 
analyzed if a claim was filed concerning a deep venous 
thrombosis or pulmonary embolism.
56.884 surgical trauma procedures were included 
in the analysis and followed for one year thereafter. 
Venous thromboembolism development was raised 
most markedly until 100 days after the surgical 
procedure. Relatively high incidences of venous 
thromboembolism were found after surgical lower 
extremity and pelvic procedures.
The present large database study provides a com-
prehensive view on the epidemiology of venous 
thromboembolism after different traumatic injuries 
requiring a surgical procedure.
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INTRODUCTION

After trauma surgery there is a significant risk 
for the development of deep vein thrombosis 
(DVT) and pulmonary embolism (PE) (12,6). PE is 
the third most common cause of death in patients 
that survive the first 24 hours after trauma (4,5,11). 
Furthermore, post-thrombotic syndrome is a long 
term complication of DVT and accounts for 25% of 
leg ulcers (10).

The actual risk of venous thromboembolism 
(VTE) after trauma surgery might be dependent on 
the fracture type. Although the incidence of VTE 
after some common fractures such as femoral neck 
fractures is well documented, little is known about 
the incidence of VTE after less common fracture 
types (3,14). Because the trauma itself seems to be 
a major risk factor for the development of VTE, a 
better understanding of the risk for VTE after specific 
fractures can be used to better identify patients 
that might benefit from thromboprophylaxis. For 
a reliable estimate of thromboembolic events 
large numbers of patients are needed. This paper 
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aims to establish data on the incidence of venous 
thromboembolism in the skeletal trauma practice 
following a surgical procedure from a large 
population based database.

MATERIALS AND METHODS

The retrospective cohort consisted of 3.7 
million persons insured between 2006 and 2012 
with ’Achmea’, the largest health care insurance 
company in the Netherlands. Every resident of the 
Netherlands is compulsorily insured. All claims are 
routinely recorded in a database, the Achmea Health 
Database. Background information on those insured 
like age and death are also recorded in the database.

Third parties can request anonymized data for 
scientific research in accordance with the Dutch 
privacy legislation. 

We identified patients to be eligible based on 
insurance claims for a surgical procedure related to a 
fracture, ligament injury, dislocation or other trauma. 
In the Netherlands these claims are filed according to 
a national diagnosis-treatment classification (DTC) 
system based on a combination of the hospital 
registration of diagnosis (international classification 
of diseases, 9th revision, clinical modification (ICD-
9-CM) codes) and applied therapeutic interventions. 
Patients were only included if they were insured with 
Achmea for a 365-day period from surgery. In the 
year following the fracture we analyzed if a claim 
was filed concerning a deep venous thrombosis or 
pulmonary embolism.

Data was retrospectively extracted from the 
Achmea database to IBM SPSS statistics version 
21 (SPSS Inc, Chicago, Illinois, USA) and then 
analyzed for frequency, percentage and 95% 
confidence intervals.

RESULTS

56.884 surgical procedures performed between 
2006 and 2011 were included in the analysis and 
followed for 1 year thereafter. (Fig 1) The mean age 
of the patient was 55 (SD 25.5) years at the time 
of the procedure. 6815 patients were 17 years and 
younger.

Fig. 1. — Flow chart of eligible subjects

Fig. 2. — Cumulative percentage VTE in the cohort, in the 
year after surgery.

Fig. 3. — Venous thrombotic event rate following injury 
requiring a surgical procedure, injuries are grouped to 

anatomical region.
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  No. of surgical 
procedures

No. of  VTE 
(%; 95 CI)

No. of  DVT 
(%; 95% CI)

No. of  PE 
(%; 95% CI) 

PELVIS/PROXIMAL FEMUR 17005 149	 (0.9;0.8-1.0) 75	 (0.4;0.4-0.6) 74	 (0.4;0.4-0.6)

Femur proximal and neck fracture 16653 147	 (0.8;0.7-1.0) 74	 (0.4;0.3-0.6) 73	 (0.4;0.3-0.5)

Pelvic fracture 242 2	 (0.8;-0.3-2.0) 1	 (0.4;-0.4-1.2) 1	 (0.4;-0.4-1.2)

Hip traumatic dislocation 12 0 0 0

Acetabulum fracture 98 0 0 0
FEMUR FRACTURE 
(DIAPHYSEAL/DISTAL) 2010 21	 (0.9;0.5-1.6) 8	 (0.4;0.1-0.7) 13	 (0.6;0.3-1.0)

KNEE 2308 29	 (1.3;0.9-1.8) 10	 (0.4;0.2-0.8) 19	 (0.8;0.5-1.3)

Knee ligament rupture 138 6 	 (4.3;0.9-7.8) 1	 (0.7;-0.7-2.2) 5 	 (3.6;0.5-6.8)

Patella fracture 670 8	 (1.2;0.4-2.0) 1	 (0.1;-0.1-0.4) 7	 (1.0;0.3-1.8)

Tibial plateau fracture 1334 14	 (1.0;0.5-1.6) 7	 (0.5;0.1-0.9) 7	 (0.5;0.1-0.9)

Patella disclocation 127 1	 (0.8;-0.8-2.4) 1	 (0.8;-0.8-2.4) 0

Knee dislocation 39 0 0 0

TIBIA (DIAPHYSEAL) 3204 26	 (0.8;0.6-1.2) 14	 (0.4;0.3-0.7) 12	 (0.4;0.2-0.7)

Tibia fracture 3137	 26	 (0.8;0.5-1.2) 14	 (0.4;0.2-0.7) 12	 (0.4;0.2-0.7)

Fibula fracture 67 0 0 0

ANKLE FRACTURE 7300 58	 (0.8;0.6-1.0) 35	 (0.5;0.3-0.6) 25	 (0.3;0.2-0.5)

FOOT 2517 18 	 (0.7;0.5-1.1) 15 	 (0.6;0.4-1.0) 3	 (0.1;0.0-0.4)

Achilles tendon rupture 758 11 	 (1.5;0.6-2.3) 10	 (1.3;0.5-2.1) 1	 (0.1;-0.1-0.4)

Tarsus fracture 157 1	 (0.6;-0.6-1.9) 1	 (0.6;-0.6-1.9) 0

Phalanx fracture 410 2	 (0.5;-0.2-1.2) 1	 (0.2;-0.2-0.7) 1	 (0.2;-0.2-0.7)

Metatarsus fracture 628 3	 (0.5;-0.0-1.0) 3	 (0.5;-0.0-1.0) 0

Calcaneus fracture 437 1	 (0.2;-0.2-0.7) 0	 1	 (0.2;-0.2-0.7)

Talus fracture 88 0 0 0

Ankle/Foot Luxation 28 0 0 0

Toe luxation 11 0 0 0

HUMERUS 3573 18	 (0.5;0.3-0.8) 8	 (0.2;0.1-0.4) 10	 (0.3;0.2-0.5)

Biceps tendon rupture 64 1	 (1.6;-1.6-4.7) 0 1	 (1.6;-1.6-4.7)

Humerus proximal and shaft fracture 3364 17	 (0.5;0.3-0.8) 8	 (0.2;0.1-0.4)	 9	 (0.3;0.1-0.4)

Shoulder luxation 145 0 0 0

ELBOW 4558 6	 (0.1;0.0-0.3) 6	 (0.1-0.0-0.3) 0
Humerus; distal, (epi)condyle 
fracture 2014 4	 (0.2;0.0-0.4) 4	 (0.2;0.0-0.4) 0

Olecranon fracture 1777 2	 (0.1;0.0-0.2) 2	 (0.1;0.0-0.2) 0	

Radial head fracture 715 0 0 0

Elbow luxation 52 0 0 0

Table I. — Venous thrombotic event rates following injury requiring a surgical procedure
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DISCUSSION

The present large database study provides a 
comprehensive view on the epidemiology of 
VTE after different traumatic injuries requiring a 
surgical procedure. We found the largest risk for 
the development of VTE after trauma to the pelvis, 
spine and lower extremity. The relatively high risk 
occurs despite many of these patients receiving 
some form of pharmacological thromboprophylaxis 
(2).

The main strength of our study is that we 
were able to analyze a very large group of 
patients contributing to more accurate results. 
Also no recent, comparable data is available in 
the literature. Potential limitations of our study 
include the fact that the data were collected for 
administrative (reimbursement) purposes, rather 

A total of 178 DVT and 179 LE was recorded 
in the year following surgery. The median time in 
days for DVT and LE to develop was 72 and 59 
days respectively. The 25th percentile was at 30 
and 24 days, the 75th percentile was at 149 and 130 
days. Overall VTE development seemed to decrease 
around 100 days after trauma but afterwards still 
one third of the VTE’s occurred (Fig 2).

Both LE and DVT occurred in 7 patients. Table 
I represents a comprehensive list of DVT and 
PE following different procedures. In Figure 3 
thromboembolic events are presented with injuries 
grouped to anatomical region. 

VTE incidence rate is higher after lower extremity 
and pelvic trauma requiring a surgical procedure 
compared to upper extremity trauma (chi-square P 
<0.05). 

FOREARM (DIAPHYSEAL/
DISTAL) 7580 18	 (0.2;0.2-0.4) 5	 (0.0;0.0-0.2) 13	 (0.2;0.1-0.3)

Distal radius fracture 4862 16	 (0.3;0.2-0.5) 4	 (0.1;0.0-0.2) 12	 (0.2;0.1-0.4)

Forearm fracture 2718 2	 (0.1;0.0-0.2) 1	 (0.0;0.0-0.1) 1	 (0.0;0.0-0.1)

WRIST/HAND 4270 5	 (0.1;0.0-0.3) 3	 (0.0;0.0-0.2) 2	 (0.0-0.0-0.2)

Phalax fracture 2319 4	 (0.2;0.0-0.3) 3	 (0.1;0.0-0.4) 1	 (0.0;0.0-0.1)

Metacarpal fracture 1541 1	 (0.1;0.0-0.2) 0 1	 (0.1;0.0-0.2)

Carpusfracture 279 0 0 0

Phalanx incl MCP luxation 62 0 0 0

Mallet finger 43 0 0 0

Wrist; rad-ulna and carpus luxation 26 0 0 0

CHEST 2022 5	 (0.3;0.1-0.6) 3	 (0.2;0.0-0.4) 2	 (0.1;0.0-0.4)

AC+SC luxation 98 2	 (2.0;-0.8-4.9) 0 2	 (2.0;-0.8-4.9)

Scapula fracture 114 1	 (0.9;-0.9-2.6) 1	 (0.9;-0.9-2.6) 0

Clavicula fracture 1722 2	 (0.1;0.0-0.3) 2	 (0.1;0.0-0.3) 0

Sternum/rib fracture 88 0 0 0

SPINE  476 2	 (0.4;0.1-1.5) 0 2	 (0.4;0.1-1.5)
Spinal fracture with spinal cord 
injury 33 2	 (6.1;-2.5-14.7) 0 2	 (6.1;-2.5-14.7)

Spinal fracture 443 0 0 0

HEAD  61 0 0 0

Maxillo facial fracture 52 0 0 0

Skull fracture 9 0 0 0

Abbreviations : VTE, venous tromboembolism ; DVT, deep venous thrombosis ; PE, pulmonary embolism ; CI, confidence interval ; 
MCP, metacarpalphalangeal ; AC, Acromioclavicular ; SC, sternoclavicular.



Acta Orthopædica Belgica, Vol. 86 - 3 - 2020

	 symptomatic venous thromboembolism after trauma surgery	 367

total hip and knee arthroplasty). The standard of 
care thromboprophylaxis showed a symptomatic 
venous thromboembolic event rate of 1.02% in 
8.635 patients (14). Furthermore, we found our data 
to be comparable to a large recent study including 
57.619 patients, determining symptomatic venous 
thromboembolism after surgery for a lower leg 
fracture ; they found an overall event rate of 1.0% 
(15). We found that the risk after spinal cord injury 
is high and this is confirmed in several studies 
(3). Development of VTE after upper extremity 
fracture surgery was relatively uncommon. A 
study to internal fixation of upper limb fractures or 
dislocation also found a low incidence of VTE, 1 in 
637 procedures (7). The comparable rates of VTE of 
these selected fractures in other studies support the 
reliability of the database used for this study and 
provide further evidence for the reliability of the 
reported incidences of VTE for the less documented 
trauma procedures.

There was no documentation available on how 
VTE was diagnosed. The applicable Dutch guideline 
advised compressive ultrasound for diagnosing 
DVT and Multidetector Computed Tomography 
(CT) angiography for pulmonary embolism if 
indicated after clinical analyses. This is in line with 
accepted international guidelines (3,8).

To the best of our knowledge the present database 
study provides the largest and most recent analysis 
of the epidemiology of VTE after trauma surgery 
to the human body. Consensus statement advice is 
usually based on well-studied trauma procedures 
and it is often hard to extrapolate such advice to 
less well studied traumatic injuries. This study at 
least provides an indication for the rates of VTE 
after very common and less common procedures 
and therefore can be a valuable aid in deciding for 
thromboprophylaxis in specific patients and aid in 
the extrapolation of consensus statement advice to 
specific procedures. Furthermore it may provide a 
base for the need of further research for the need of 
thromboprophylaxis after traumatic injuries. 

REFERENCES

1. Büller HR, Crijns HJGM, Huisman MV, et al. Richtlijn 
Diagnostiek, Preventie en Behandeling van Veneuze 

that scientific research. Also because of changes in 
the reimbursement system in 2006 and 2012, our 
dataset was restricted to this time period. Because 
17% of patients were not continuously covered after 
surgery for 1 year they were “lost to follow up” 
and excluded from the study. The database lacks 
detail in terms of the diagnosis, not accounting 
for ; concomitant injury, extent of soft tissue 
damage and trauma mechanism. Also, treatment 
information regarding thromboprophylaxis, anes-
thesia, hospital stay and weight bearing were not 
available. It is therefore, impossible to define very 
specific high risk groups for the development of 
VTE from this study. However, registration of the 
data is complete, accurate, subject to extensive 
control and comprehensive auditing because of 
the economic function of the data (13). Finally 
despite the very large cohort of patients the absolute 
number of procedures for some specific traumatic 
injuries remains low and the accuracy of these 
data accordingly. Grouping of surgical procedures 
to anatomical region is debatable but it allows for 
more reliable event rates and subsequently better 
shows the regions are at risk. 

An observational study on 45.968 orthopedic 
procedures between 1996 and 2005 with a relatively 
short follow up of six weeks after internal fixation 
of proximal femur fractures and hemiarthroplasty 
surgery following hip fracture found VTE incidence 
rates of 1.1% (95% CI, 0.9-1.4) and 0.9% (95% 
CI, 0.4-2.0) respectively. Thromboprophylaxis 
(not further specified) was used for 7-10 days (9). 
We found the VTE rate of 0.8% (95% CI, 0.7-1.0) 
after proximal femur and neck fracture surgery to 
be slightly lower, although follow up was 1 year 
and we found that the thromboembolic risk to 
persists well after 6 weeks. These finding can be 
explained through an increasing emphasis on early 
mobilization of patients in recent years and advances 
in surgical technique. Furthermore, Dutch national 
guideline advised 4-5 weeks thromboprophylaxis 
after hip fracture surgery in this time period and 
adherence to this guideline has been shown to be 
very high (1,2). Our results are also in line with a 
recent large randomized trial which compared 
standard of care thromboprophylaxis with rivaro-
xaban after major orthopedic surgery (elective 



368	 w.p.r. melman, h.b. ettema, c.c.p.m. verheyen	

Acta Orthopædica Belgica, Vol. 86 - 3 - 2020

pulmonary embolism. Eur Heart J 2014 ; 35 :3033-69, 
3069a-3069k. 

9.	Lapidus LJ, Ponzer S, Pettersson H, de Bri E. 
Symptomatic venous thromboembolism and mortality in 
orthopaedic surgery - an observational study of 45 968 
consecutive procedures. BMC Musculoskelet Disord 2013 ; 
14 : 177.

10.	Nelzén O, Bergqvist D, Lindhagen A. Leg ulcer etiology-
-a cross sectional population study. J Vasc Surg 1991 ; 14 : 
557-64.

11.	 O’Malley KF, Ross SE. Pulmonary embolism in major 
trauma patients. J Trauma 1990 ; 30 : 748–50.

12.	Park SJ, Kim CK, Park YS, Moon YW, Lim SJ, 
Kim SM. Incidence and Factors Predicting Venous 
Thromboembolism After Surgical Treatment of Fractures 
Below the Hip. J Orthop Trauma 2015 ; 29 : e349-54. 

13.	Smeets HM, de Wit NJ, Hoes AW. Routine health 
insurance data for scientific research : potential and 
limitations of the Agis Health Database. J ClinEpidemiol 
2011 ; 64 : 424–430.

14.	Turpie AG, Haas S, Kreutz R, et al. A non-interventional 
comparison of rivaroxaban with standard of care for 
thromboprophylaxis after major orthopaedic surgery in 
17,701 patients with propensity score adjustment. Thromb 
Haemost 2014 ; 111 : 94-102.

15.	Wahlsten LR, Eckardt H, Lyngbæk S, et al. Symptomatic 
venous thromboembolism following fractures distal to the 
knee : a nationwide Danish cohort study. J Bone Joint Surg 
Am 2015 ; 97 : 470-7.

Trombo-embolie en Secundaire Preventie Arteriële 
Trombose. 2008 https://www.nvvc.nl/Richtlijnen/Veneuze 
%20trombo-embolie.pdf. Accessed 8 February 2019.

2.	Ettema HB, Mulder MC, Nurmohamed MT, Büller HR, 
Verheyen CC. Dutch orthopedicthromboprophylaxis : a 
5-year follow-up survey. Acta Orthop 2009  ; 80 : 109-12.

3.	Falck-Ytter Y, Francis CW, Johanson NA, et al. 
Prevention of VTE in orthopedic surgery patients : 
Antithrombotic Therapy and Prevention of Thrombosis, 9th 
ed : American College of Chest Physicians Evidence-Based 
Clinical Practice Guidelines. Chest 2012 ; 141 : e278S-
325S.

4.	Geerts WH, Code KI, Jay RM, et al. A prospective study 
of venous thromboembolism after major trauma. N Engl J 
Med 1994 ; 331 : 1601–6.

5.	Geerts WH, Jay RM, Code KI, et al. A comparison of 
low-dose heparin with low molecular-weight heparin as 
prophylaxis against venous thromboembolism after major 
trauma. N Engl J Med 1996 ; 335 : 701–7.

6.	Hamada SR, Espina C, Guedj T, Buaron R, Harrois 
A, Figueiredo S, Duranteau J. High level of venous 
thromboembolism in critically ill trauma patients despite 
early and well-driven thromboprophylaxis protocol. Ann 
Intensive Care 2017 ; 12 7 : 97. 

7.	Hastie GR, Pederson A, Redfern D.Venous thrombo-
embolism incidence in upper limb orthopedic surgery : do 
these procedures increase venous thrombo-embolism risk? 
J Shoulder Elbow Surg 2014 ; 23 : 1481-4.

8.	Konstantinides SV, Torbicki A, Agnelli G, et al. 2014 
ESC guidelines on the diagnosis and management of acute 


