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A B S T R A C T 

Prophylactic low weight molecular subcutaneous heparin combined with mechanical devices and 

elastic stockings has already been correlated to a low incidence of deep venous thrombosis. 

However, there is still concern with the use of heparin in the neurosurgical field due to the potential 

hemorrhagic risks. We would like to update this topic with new data coming from a larger cohort of 

patients operated on at our Department in the last 8 years both for cranial and spinal procedures. 

We collected information on 5347 patients: 1497 were cranial and 3850 were spinal cases. We 

recorded 35 clinically symptomatic DVTs (0.6%) and 18 cases (0.3%) of hemorrhagic 

complications and no cases of pulmonary embolus. It is our opinion that the protocol we have 

implemented in our Unit for the prevention of deep venous thrombosis and pulmonary embolus is 

safe and effective and  does not seem to increase the incidence of hemorrhagic complications.  
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1. Introduction 

Deep venous thrombosis (DVT) and pulmonary embolism (PE) are 

possible life-threatening complications which can happen in any surgical 

patient especially if prolonged bed rested. This is particular true when we 

consider neurosurgical patients either with cranial or spinal pathologies. In 

this group population the use of subcutaneous low molecular weight 

heparin (LMWH) may carry an increased bleeding risk especially for 

cranial surgical cases. On the other hand, this is exactly the group of 

patients with the longer operation and bed rest time and therefore the one 

who could benefit more from some kind of DVT prevention. Apart from 

the length of the operative time and the bed rest immobilization other well 

known risk factors for developing DVT and PE are surgery for cranial 

tumors like meningiomas (which are correlated with a releasing of a 

prothrombotic factor), high grade gliomas, lymphomas and metastasis as 

well as the use of specific medical therapies like mannitol and steroid. 

Patient related risk factors are increased age, presence of congestive heart 

failure, body mass index > 30, previous history of neoplasia or DVT, 

pregnancy, smoking, hypercoagulability disorder, use of the pill and 

presence of sepsis [1-4]. The utility of using mechanical and 

pharmacological prophylaxis has been described since the report of 

Agnelli in 1998 when a reduction of venous thromboembolism rate had 

been correlated with the use of such devices [5].  

 

Despite also other papers have shown a lower incidence of DVT and 

consequently of PE with the use of LMWH prophylaxis in the 

neurosurgical community there is still concern with its use [6]. Since 

2007, we have implemented a protocol, in our department where we are 

using for any patient undergoing surgery elastic stocking, perioperative 

mechanical sequential compression and postoperative LWMH. In a 

previous report we have already identified our protocol to be useful in 

reducing the risk of DVT and PE in operated cranial patients without 

observing a significative increasing of post-operative hemorrhagic 

complications [7]. This report is intended to confirm the safety and 

efficacy of our protocol with a larger series of patients admitted to our 

Department from January 2009 to December 2016 and operated on for 

both cranial and spinal pathologies. 

 

 

2. Material and methods 

In the study period we admitted to our Department 5,834 patients of 

whom 5347 underwent neurosurgical procedures. We prospectively 

collected patient age, sex, site of operation (cranial versus spinal), clinical 

evidences of DVT or PE of all these 5,347 operated patients. There were 

1,497 cranial (27.9%) and 3,850 spinal (72.1%) surgeries.  
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Among cranial surgeries we performed 1,153 elective (77%) and 344 

emergent (23%) procedures while among spinal cases we performed 3196 

elective (83%) and 654 emergent (17%) procedures. Nine-hundred and 

nineteen (61.3%) were cranial major surgeries and 1,851 (48%) were 

major spinal operations. There were 2,563 men (48%) and 2,784 women 

(52%); with a male to female ratio of 0.9 : 1. The overall mean age was 

59.4 years (range 18-98 years).  The follow up was at 3 and 6 months with 

outpatient visits. All the patients followed our standard protocol already 

described in a previous report [7] which can be summarized in the 

following way:  

 pre and postoperative elastic permanent stockings for all 

patients (from the day of admission until discharge or to 

complete mobilization) 

 perioperative mechanical sequential full leg compression (for 

higher risk patient this device is continued for 48 hours 

postoperatively or at least until LWMH is started) 

 LWMH is given according to the patient weight, generally 

once a day, started 24-48 hours post-surgery  

Moreover, in high risk patients the LWMH is started a few days before the 

operation, according to the necessity to withdraw antiplatelet or oral 

anticoagulant treatment. The heparin is than stopped the day before 

surgery and started again after the procedure and it is continued  until a 

complete mobilization is achieved. High risk patients are considered those 

with long bed immobilization or positive history for previous episodes of 

DVT or PE,  obese one, patients harboring malignancy or meningiomas, 

patients who undergo an operation longer than 4 hours of operative time, 

patients in treatment with contraceptives who could not stop the 

medication in advance, pregnant women and case of post-partum. In all 

patients with clinical symptoms suspicious for DVT (leg swelling, calf 

pain, redness along the leg) we performed a lower limbs ultrasound and in 

case of PE suspect the patient underwent a chest CT scan as well. 

Routinely, all patients had a pre and post-operative blood testing which 

included partial thromboplastin time (PTT), activated partial 

thromboplastin time (aPTT), fibrinogen, antithrombin III and platelet 

count. Five days and two weeks postoperatively, a platelet counts were 

repeated in order to detect a thrombocytopenia due to the use of heparin. 

All cranial patients underwent a routine cranial CT scan 24-48 hours from 

the surgery and at any time in case of neurological deterioration. Spinal 

patients underwent RX or CT scan only in the case the operation was 

spinal hardware implant procedure. Moreover, in case of neurological 

deterioration we always performed a spinal MRI to detect any possible 

complication. 

 

3. Results 

In the study period we recorded 35 proved cases of DVT with an overall 

incidence of 0.6%. Twenty-three DVTs occurred in the spinal group 

(0.5%) and twelve in the cranial group (0.8%). Among these, more than 

70% occurred in the major surgical procedure. We did not experience any 

cases of PE in this study period. Other 10 patients, with a high clinical 

suspects of PE underwent a chest perfusion CT scan but in all cases, the 

result was negative. The overall number of hemorrhagic clinically 

important complications were 18 cases with an incidence of 0.3%.  

 

Seven were in the spinal group (0.18%) and eleven in the cranial group 

(0.7%). However the hematomas which required surgical intervention 

were 6 out 5347 cases (0.11%). Two were in the spinal group and four in 

the cranial one. The overall number of complications in this series were 53 

cases (0.9%) (Table 1). The number of DVTs were higher in all cases 

operated as emergency but this result, however, did not reach a statistical 

significance.  

 

 n % 

Patients 

total               5,347  

cranial                1,497   

 - 919 major surgery 

- 344 emergent cases 

28 

61.3 

23 

spinal                 3,850 

 - 1,851 major surgery 

 - 654 emergent cases 

72 

48 

17 

N.   DVTs 

total 35 0.6 

cranial 12 0.8 

spinal 23 0.5 

Hemorrages 

total 18 0.3 

cranial 11 0,7 

spinal 7 0.1 

 

Table 1 - Distribution of the study sample 

 

4. Discussion 

It is well recognized that any surgical procedure carries the risk, for the 

patient, of developing DVT and potentially PE. Among different 

specialties, neurosurgical patients are at higher risk for developing such 

complications when compared with other surgical and medical population 

[1,8-10]. According to the literature, cranial neurosurgical and traumatic 

patients have a reported risk of DVP ranging from 1 to 25% [5-7], 

whereas the incidence of PE is between 1.5 and 3% [5,11,12]. Thirty-four 

per cent in a control untreated group of patients from a paper by Cerrato 

[13]; 13.7% according to Smith who used a weekly “screening” evaluation 

[14]; 7.2% according to Hoefnagel who focused the attention to DVT in 

patient with intracranial meningiomas [15] and 9.7% in Serrone’s paper 

who studied the incidence of DVT in patients with subarachnoid 

hemorrhage [16]. Whereas, in spinal neurosurgical patients a lower 

incidence of DVT have been reported: 1.1% according to Wang [17], 

0.8% to Moayer [18] and Piper [19]. When we consider the various risk 

factors connected with DVT and PE, apart the one we have already 

mentioned we have to keep in mind also the use of steroid therapies, 

tobacco, hypercoagulability disorders, postoperative urinary infection, 

blood transfusion and high quantity of blood loss during surgery [1-4,20]. 

Many papers have been published over the years on different methods for 

preventing DVT and the use of prophylactic heparin is probably the most 

effective and easy to be applied as well as a cheaper one. Among different 

types of subcutaneous Heparin the low molecular weight is without any 

doubt the preferred one. It has a longer duration of action and a greater 

bioavailability which makes its use easy and safer. 
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Many recent studies as well as the one by Chibbaro and Tacconi in 2008 

[7] stressed the importance of starting the treatment either 

pharmacological and mechanical before surgery. As matter of fact in their 

study they showed an acceptable rate of complications included DVT and 

PE starting LWMH before surgery. However, other studies have shown 

the effectiveness of starting the pharmacologic prevention also after 

surgery with less risk of complications [5,21-23]. According to Moussa 

[24]  hemodiluition in addition to low molecular weight heparin can have 

further protective effect in these patients. In his cornerstone manuscript in 

1998, a study of surveillance identified an incidence of 23% of DVT in 

hospitalized non symptomatic neurosurgical patients. The same authors 

identified a risk for DVT of 41.4% in patients receiving only mechanical 

prophylaxis and of 16.7% in patients receiving both mechanical and 

pharmacological prophylaxis. None of the patients had symptoms related 

to PE [25]  and the heparin  use didn’t appear to be related with 

hemorrhagic complications. Henwood identified a 9.7% of DVT 

discovered as a surveillance protocol in neurosurgical, mainly cranial, 

patients receiving a protocol of unfractioned heparin (UFH) 5000 twice a 

day and leg pneumatic compression sleeves [26]. However, the optimal 

prophylactic treatment is still debated, both in cranial and in spinal 

surgery [1,2,6,27-30]. In a previous report from our Department, we 

studied the safety of our internal protocol on 746 patients undergoing 

cranial surgery and we recorded 3 cases (0,4%) of DVT; one patients died 

2 months after surgery due to PE. There were 8 cases (1,07%) of 

significant hemorrhages. We concluded that our protocol was safe, 

effective with a negligible risk of postoperative bleeding [7]. In the 

present study our goal was to discuss the results and complications of a 

much larger series along a eight years period, after the established use of  

our protocol  for both cranial and spinal surgeries. The overall incidence 

of DVT was of 0.6 %: 0.5 % in the spinal group and 0.8 % in the cranial 

group. We were also able to confirm that the greatest incidence of DVT 

were related to brain surgery as well as to major types of operation. We 

also confirmed a very low incidence of post-operative bleeding with only 

a 0,3 % of hemorrhagic complications  and requiring intervention only 6 

out of 18 cases. The present series is quite large but  we acknowledge it 

has got two main limitations: first of all it is not a prospectic randomized 

study and second we did not perform an ultrasound study on all patients 

but only in those cases who were clearly symptomatic or when there was a 

high index of suspicion for DVT. Therefore it is possible we might have 

underestimated some cases with DVT but clinically asymptomatic and this 

could be the explanation of the lower rate of DVT incidence we have 

found compared to the other published studies in which a pre and post-

operative screening leg ultrasound test was used. However, the fact we 

have followed up these patients for six months and we have encountered 

only 8 cases of late onset of DVT and no PE cases, it might signify that all 

the potentially missed cases were completely asymptomatic or minimal 

symptomatic and therefore they could have been considered irrelevant 

from a clinical point of view.  

 

5. Conclusions 

Although some report raised the possibility of potential high risk for using 

heparin in neurosurgical patients and suggested to start it after the 

operation we think that our protocol consistent with elastic stockings, 

intermittent sequential compression devices and pharmacological 

prophylaxis with LWMH decreases the incidence of DVT/PE with an 

acceptable risk of postoperative surgical site bleeding.  
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