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Abstract

Purpose There is no compelling outcome data or clear guidance surrounding postoperative venous thromboembolism
(VTE) prophylaxis using low molecular weight heparin (chemoprophylaxis) in patients undergoing pituitary surgery. Here
we describe our experience of early chemoprophylaxis (post-operative day 1) following trans-sphenoidal pituitary surgery.
Methods Single-centre review of a prospective surgical database and VTE records. Adults undergoing first time trans-
sphenoidal pituitary surgery were included (2009-2018). VTE was defined as either deep vein thrombosis and/or pulmonary
embolism within 3 months of surgery. Postoperative haematomas were those associated with a clinical deterioration together
with radiological evidence.

Results 651 Patients included with a median age of 55 years (range 16-86 years). Most (99%) patients underwent trans-
sphenoidal surgery using a standard endoscopic single nostril or bi-nostril trans-sphenoidal technique. More than three
quarters had pituitary adenomas (n =520, 80%). Postoperative chemoprophylaxis to prevent VTE was administered in 478
patients (73%). Chemoprophylaxis was initiated at a median of 1 day post-procedure (range 1-5 days postoperatively; 92%
on postoperative day 1). Tinzaparin was used in 465/478 patients (97%) and enoxaparin was used in 14/478 (3%). There
were no cases of VTE, even in 78 ACTH-dependent Cushing’s disease patients. Six patients (1%) developed postoperative
haematomas. Chemoprophylaxis was not associated with a significantly higher rate of postoperative haematoma formation
(Fisher’s Exact, p=0.99) or epistaxis (Fisher’s Exact, p>0.99).

Conclusions Chemoprophylaxis after trans-sphenoidal pituitary surgery on post-operative day 1 is a safe strategy to reduce
the risk of VTE without significantly increasing the risk of postoperative bleeding events.
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pharmacological prophylaxis in hospitalised patients [3],
though data for patients undergoing cranial neurosurgery
is limited.

The American Heart Association recommends against
using chemoprophylaxis in patients undergoing major neu-
rosurgical procedures, except in those deemed at high risk,
such as those experiencing prolonged immobility [4]. These
guidelines are open to interpretation and do not specifically
address pituitary surgery, which is also the case for the Euro-
pean guidelines [5]. The National Institute for Health and
Care Excellence (NICE) suggest initiation of chemopro-
phylaxis 24—48 h after cranial neurosurgery where benefits
outweigh risks [6]. As such, decision making surrounding
chemoprophylaxis must be made on a case by case basis by
balancing the benefits of VTE reduction with potentially
increased risk of bleeding events. Meta-analyses and prior
institutional series including neurosurgical patients from
different subspecialties have demonstrated that pharmaco-
logical thromboprophylaxis with heparin agents can be used
postoperatively to decrease the rate of VTE with a minimal
risk of bleeding [7-12]. However, there is a lack of subset
outcome data for patients undergoing trans-sphenoidal pitui-
tary surgery. In this cohort of patients, the potential risks of
chemoprophylaxis include postoperative haematoma with
the potential for serious sequelae including acute visual
failure, hypopituitarism, hypothalamic compromise and
hydrocephalus.

Although rates of VTE following pituitary surgery have
previously been identified as being relatively low, several
risk factors have been identified including increasing age,
peripheral vascular disease and coagulopathy [13]. Further-
more, patients with Cushing’s disease may be at an increased
risk of VTE both prior to and following tumour resection
[14, 15]. Data in the specific context of trans-sphenoidal
pituitary surgery is therefore important. The aim of this
study was to describe our experience of chemoprophylaxis
following trans-sphenoidal pituitary surgery and identify the
rate of relevant outcomes, such as VTE and clinically signifi-
cant bleeding events including epistaxis and post-operative
haematoma formation.

Methods

Institutional Review Board approval was obtained for this
single-centre observational study. We interrogated a pro-
spectively maintained electronic database of locally per-
formed neurosurgical operations. All adults (age > 16 years)
undergoing first time endoscopic trans-sphenoidal pituitary
surgery between April 2009 and November 2018 were
included. Patients with redo operations were excluded. All
procedures were performed by the three senior authors (OP,
KG, KK).
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The electronic patient record was reviewed and data
extracted on demographics, histological diagnosis, opera-
tive intervention, postoperative course (including use of
chemoprophylaxis) and the development of VTE or clini-
cally significant bleeding events including epistaxis and
postoperative haematomas. In accordance with national
standards and the NHS contract, the trust thrombosis com-
mittee maintains a separate electronic and prospectively
maintained database of VTE positive events occurring dur-
ing hospital admission or within 90 days of hospital dis-
charge, following inpatient admission (hospital acquired
thrombosis). This dataset was cross referenced to identify
any missed VTE events within the included cohort.

Our surgical technique has been previous described
[16]. Antiplatelet medication is discontinued 5 prior to
surgery. Anticoagulant medication is discontinued 5 days
(warfarin) or 48 h (novel oral anticoagulants) before sur-
gery. In general, a standard trans-nasal, trans-sphenoidal
approach is utilised with a single nostril or bi-nostril modi-
fied Griffiths technique. Postoperatively, patients are moni-
tored in a high dependency unit for at least 24 h. Patients
are encouraged to mobilise postoperatively and there are
no bed rest restrictions. Within the study period, there
was a change in practice to early postoperative chemo-
prophylaxis, usually from the first postoperative day. The
decision to commence postoperative chemoprophylaxis is
made after the procedure on daily patient rounds. Potential
factors that can influence this decision and the exact day of
commencement (e.g. postoperative day 1 vs. subsequent
days vs. not at all) include the degree of difficulty encoun-
tered with intraoperative haemostasis, coagulation state,
preoperative comorbidities and antiplatelets/anticoagulant
use, and patient mobility.

The preferred low molecular weight heparin (LMWH)
agent at our institute is tinzaparin, with dose adjustment
to weight and renal function. Chemoprophylaxis is used
together with mechanical prophylaxis at our institute; all
patients had mechanical prophylaxis with Flowtron® boots
(intraoperatively) and TED stockings from hospital admis-
sion to discharge as per our institutional protocol. Chemo-
prophylaxis was discontinued on the day of discharge, with
no routine discharge course.

Imaging is not routinely performed in the immediate
postoperative period unless clinically indicated. Therefore,
postoperative haematomas described in the present study
were clinically detected with a deterioration in vision or
neurology postoperatively and demonstrated on subsequent
magnetic resonance imaging (MRI) or computed tomogra-
phy (CT) scans.

Statistical analysis was performed using SPSS version 25
(SPSS, Inc., Chicago, Illinois, USA). Descriptive statistics
were used to describe patient cohort characteristics. Cat-
egorical variables were compared using tests of proportions
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(Fisher’s Exact, Chi-squared). Multivariate analysis was not
possible due to the low incidence of haematomas.

Results
Patient characteristics

651 Patients were included. The median age at the time of
surgery was 55 years (range 16—86 years). There were equal
numbers of males (n=326, 50%) and females (n=325,
50%). 39 Patients (6%) were taking antiplatelet medication
prior to surgery and 14 (2%) were taking anticoagulants that
were discontinued before surgery. Further baseline demo-
graphic details are provided in Table 1.

Most patients (646, 99%) underwent trans-sphenoidal sur-
gery using a standard technique. An extended trans-sphenoi-
dal approach was used in 5 patients (1%).

Histology breakdowns are provided in Table 1. More than
three quarters of patients had pituitary adenomas (n=520,
80%). The commonest subtypes were the non-function-
ing pituitary adenomas (NFPAs)/gonadotroph adenomas
(n=308, 47%). 79 Patients (12%) had ACTH-dependent
Cushing’s disease and 104 patients (16%) had acromegaly.

Chemoprophylaxis

Postoperative chemoprophylaxis to prevent VTE was admin-
istered in 478/651 patients (73%). Tinzaparin was used in
465/478 patients (97%) and enoxaparin was used in 14/478
(3%). The median dose of tinzaparin was 4500 units (range
2500-18,000 units). The median dose of enoxaparin was
40 mg (range 20—40 mg).

Chemoprophylaxis was initiated at a median of 1 day
post-procedure (range 1-5 days postoperatively). Early
chemoprophylaxis on the first postoperative day was used in
439/478 patients (92%). The early chemoprophylaxis group
included 4 out of 5 patients that underwent an extended
trans-sphenoidal approach, with the remaining patient not
receiving chemoprophylaxis. Delayed chemoprophylaxis
was used in 39/478 patients (8%). The median duration
of chemoprophylaxis was 2 days (range 1-53 days). Only
7/465 patients (2%) had chemoprophylaxis used for longer
than 2 weeks. Chemoprophylaxis was used exclusively in
the hospital setting and no patients had continuation upon
discharge.

A comparison of characteristics between patients that did/
did not receive chemoprophylaxis is shown in Table 2. The
chemoprophylaxis group had a higher proportion of patients
that were taking preoperative antiplatelets/anticoagulants
(Fisher’s Exact, p=0.001) and with a history of diabetes
mellitus (Fisher’s Exact, p <0.001).

Table 1 Patient characteristics

Age (years)
Median 55
Range 15-86
Gender
Male 326 (50%)
Female 325 (50%)
Antiplatelets
Total 39 (6%)
Aspirin 29 (4%)
Clopidogrel 10 2%)
Anticoagulants
Total 14 2%)
Warfarin 8 (1%)
Heparin 3(<1%)
NOAC 3(<1%)
Diabetes mellitus 159 (24%)
Thrombocytopenia 18 3%)
Histology
Pituitary adenoma 520 (80%)
NFPA/gonadotroph adenoma 308 (47%)
Corticotroph adenoma 79 (12%)
GH adenoma 104 (16%)
TSH adenoma 6 (1%)
Prolactinoma 8 (1%)
Plurihormonal/other adenoma 15 2%)
Rathke's cyst 20 (3%)
Craniopharyngioma 13 2%)
Other tumour* 21 (3%)
Cystic lesion 12 2%)
Inflammatory/infective 24 (4%)
Vascular (apoplexy) 17 3%)
Non-diagnostic 24 (4%)

*Includes metastases, lymphoma, myeloma, and neurocytoma

Complications

There were no cases of postoperative VTE in our series
within 3 months of surgery.

Epistaxis occurred in 15/651 (2%) patients overall:
4/173 patients (2%) that did not receive chemoprophylaxis
(median day O postoperatively, range 0—1 days), 7/478
patients (1.5%) prior to commencement of chemoprophy-
laxis (median day O postoperatively, range 0-3 days) and
4/478 patients (1%) that were already on chemoprophylaxis
(median day 3 postoperatively, range 2—13 days). Thus,
the overall rate of post-chemoprophylaxis epistaxis was
4/478 (1%). Epistaxis occurred a median of 1.5 days post-
commencement of chemoprophylaxis (range 1-12 days)
and was severe enough to with-hold chemoprophylaxis
in 2 patients. Chemoprophylaxis was not associated with
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Table 2 Comparison of
characteristics between
patients that did/did not receive

Chemoprophy-
laxis (N=478)

No chemoprophy- Comparison
laxis (N=173)

chemoprophylaxis Age (years)

Mean
Range
Gender
Male
Female
Pre-op antiplatelets or anticoagulants
No
Yes
Pre-op thrombocytopenia
No
Yes
Diabetes mellitus
No
Yes
Histology
Pituitary adenoma

Cushing’s

55 53 T-test, t=1.37, p=0.17
16-86 19-86

237/478 (50%)  89/173 (51%) Fisher’s Exact, p=0.72
241/478 (50%)  84/173 (49%)

430/478 (90%)
48/478 (10%)

467/478 (98%)
11/478 2%)

333/478 (70%)
145/478 (30%)

390/478 (82%)

169/173 (98%)
4/173 2%)

166/173 (96%)
/173 (4%)

159/173 (92%)
14/173 (8%)

130/173 (75%)

Fisher’s Exact, p=0.001

Fisher’s Exact, p=0.28

Fisher’s Exact, p <0.001

Chi-Squared=13.6 p=0.06

Rathke's cyst
Craniopharyngioma
Other tumour*

Cystic lesion
Inflammatory/infective
Vascular (apoplexy)

Non-diagnostic

61/478 (13%) 18/173 (10%)
14/478 (3%) 6/173 (4%)
12/478 (3%) 1/173 (1%)
14/478 (3%) /173 (4%)
8/478 (2%) 4/173 2%)
17/478 (4%) /173 (4%)
71478 2%) 10/173 (6%)
16/478 (3%) 8/173 (5%)

Bold indicates statistical significance.

a statistically significant increase in epistaxis (Fisher’s
Exact, p>0.99).

6 Patients (1%) developed postoperative haematomas.
5 were treated surgically and 1 was treated conservatively.
We evaluated factors predictive of haematoma formation in
univariate analysis (Table 3). None of the factors evaluated
were significantly associated with postoperative haematoma
formation—age (p=0.69), gender (p>0.99), history of anti-
platelet/anticoagulant usage (p > 0.99), thrombocytopenia
(p>0.99), diabetes mellitus (p > 0.99), histology (p=0.68)
and chemoprophylaxis usage (p>0.99). Notably, five out
of the six postoperative haematomas occurred in patients
receiving chemoprophylaxis, which was early in 4/5 (80%).

Discussion

In this single-centre series, we describe our experience
with chemoprophylaxis in patients undergoing first time
trans-sphenoidal surgery. Most patients (73%) in our study
received postoperative chemoprophylaxis that was initiated
on the first postoperative day in the vast majority (92%).

@ Springer

The chemoprophylaxis group had a higher incidence of
preoperative antiplatelets/anticoagulant usage and diabetes
mellitus compared to patients that did not receive chemopro-
phylaxis. There was a low incidence of VTE (0%), epistaxis
(1%) and clinically significant postoperative haematomas
(1%). Although most postoperative haematomas (five out
of six) occurred in patients receiving chemoprophylaxis,
chemoprophylaxis was not associated with a statistically
significant increased risk of postoperative haematoma for-
mation. Our relatively aggressive strategy including com-
bined mechanical and chemical thromboprophylaxis from
postoperative day 1 appeared to be effective, for the vast
majority of patients (Fig. 1).

The proportion of patients receiving chemoprophylaxis in
the present study was much greater than other large neuro-
oncological series describing rates of 30-40%, that have also
found a tendency for a lower rate of chemoprophylaxis with
primary brain tumours [17]. The absence of VTE in this
study supports the findings of a systematic review and meta-
analysis which showed that chemoprophylaxis significantly
decreased the risk of both asymptomatic and symptomatic
VTE in patients after neurosurgical intervention [7]. This
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Table 3 Factors predictive
of postoperative haematoma

Rate of haematoma formation Univariate analysis

formation Age (years)

<55
>55
Gender
Male
Female
Antiplatelets or anticoagulants
No
Yes
Thrombocytopenia
No
Yes
Diabetes mellitus
No
Yes
Histology
Pituitary adenoma
Rathke's cyst
Craniopharyngioma
Other tumour*
Cystic lesion
Inflammatory/infective
Vascular (apoplexy)
Non-diagnostic
Chemoprophylaxis
No
Yes

4/331 (1%) Fisher’s Exact, p=0.69

2/320 (< 1%)

3/326 (1%) Fisher’s Exact, p>0.99
3/325 (1%)

6/599 (1%) Fisher’s Exact, p>0.99
0/52 (0%)

6/633 (1%)
0/18 (0%)

Fisher’s Exact, p>0.99

5/492 (1%)
1/159 (1%)

Fisher’s Exact, p>0.99

5/515 (1%)
0/20 (0%)
0/13 (0%)
0/21 (0%)
0/12 (0%)
0/24 (0%)
0/17 (0%)
1/24 (4%)

Chi-Squared=0.18, p=0.68

1/173 (0.6%)
5/478 (1.0%)

Fisher’s Exact, p>0.99

In particular, chemoprophylaxis was not associated with a significantly increased risk of haematoma forma-

tion

finding is even more significant given that 12% of our cohort
had Cushing’s disease, which has previously been identified
as a risk factor for thrombosis, with several authors recom-
mending postoperative chemoprophylaxis in this group [18].
Indeed studies have demonstrated a pro-thrombotic state in
untreated Cushing’s disease that can lead to a high incidence
of postoperative VTEs when institutional protocols do not
routinely administer chemoprophylaxis. For example, Man-
etti et al. reported their experience with 40 patients—36 of
which had Cushing’s disease and 4 of which had adrenal
adenomas, undergoing trans-sphenoidal and adrenal surgery.
They did not routinely commence chemoprophylaxis and
VTE was noted in 2/40 (5%) patients postoperatively, one
at 2 days and one at two months postoperatively [19]. Our
approach resulted in fewer cases of perioperative thromboses
compared to this and prior operative series including simi-
lar numbers of patients with Cushing’s disease [20]. Some
authors recommend an even more aggressive approach, con-
tinuing chemoprophylaxis routinely for 28 days post-proce-
dure including after discharge, due to a median time to VTE

of around 2 weeks, though these series include adrenal rather
than pituitary tumours [21].

Other studies evaluating chemoprophylaxis against VTE
in other neurosurgical subspecialties showed a greater
incidence of VTE than in our study, though a greater pro-
portion of patients in our study received chemoprophylaxis
[22, 23]. Patients that did not receive chemoprophylaxis
represented a minority of included patients and the zero
incidence of VTE may have resulted from our tendency to
utilize this measure in the majority of patients. However,
patients who did not receive chemoprophylaxis also did
not have any VTE events and all patients had mechani-
cal prophylaxis. The absence of VTE events in our cohort
may also be attributed to the minimally invasive nature of
trans-sphenoidal surgery and the fact that pituitary surgery
rarely results in decreased mobility and our patients are
mobilised on the same day as surgery, which likely further
reduces the risk of VTE.

The overall incidence of pituitary haematoma in our
study (1%) was within the range reported in previous large
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Preoperative optimisation
Correct thrombocytopenia
Stop antiplatelets 5 days preoperatively
Stop warfarin 5 days preoperatively
Stop NOAC 48h preoperatively

VL

Trans-sphenoidal surgery

\4

Mechanical and chemical
thromboprophylaxis (tinzaparin)
from postoperative day 1 based

on body weight until day of
discharge*

Fig. 1 Institutional protocol for thromboprophylaxis after pituitary
surgery. *Note that this decision is reviewed on a daily basis and
patients who are at high risk for bleeding events may be exempt. The
preferred agent for chemical thromboprophylaxis at our centre is tin-
zaparin, which is administered at a dose according to body weight.
NOAC novel oral anticoagulants

institutional series of 1-2% [24-26]. Thus, our findings
correlate with studies across other neurosurgical sub-
specialties commenting that chemoprophylaxis does not
significantly increase the risk of haematoma formation
[7-11].

Due to the absence of VTE cases in our study, we were
unable to compare early administration of chemoprophylaxis
(on the first postoperative day) to delayed chemoprophylaxis
(after the first post-operative day). Our practice is typically
to commence chemoprophylaxis on the first postoperative
day, in line with UK national guidance [6]. There is cur-
rently no clear guidance in the literature as to the benefit of
early versus late chemoprophylaxis. In traumatic brain injury
literature, there appears to be increasing evidence of benefit
for early VTE administration [27, 28].

Limitations of the present study include its single-cen-
tre design and retrospective data extraction, albeit with
interrogation of prospective databases. Due to the low
incidence of haematomas and VTE identified, we could
not identify any individual patient characteristics that were
associated with either. Furthermore, we did not collect
data on variables that are associated with VTE risk such as
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body mass index, ethnicity and smoking history [22, 29].
In the subgroup of patients with Cushing’s disease, studies
have reported VTE events up to 3 years postoperatively in
association with disease relapse, which is longer than the
follow-up time in the present study [30].

Conclusion

In this single centre study, we report our experience of
chemoprophylaxis in patients undergoing elective trans-
sphenoidal pituitary surgery. Chemoprophylaxis with
LMWH was used in around three quarters of patients, usu-
ally from the first postoperative day. We found a 0% risk
of VTE, which was substantially lower than other reports,
1% risk of epistaxis and 1% risk of postoperative hae-
matoma formation that is within the previously reported
range. We did not see any VTE complications in ACTH-
dependent Cushing’s disease patients, despite the known
elevated risk. In our cohort, early chemoprophylaxis from
post-operative day 1 represents a safe intervention that
may reduce the risk of VTE events without significantly
increasing bleeding events. Our findings require further
validation in larger multicenter prospective series or ide-
ally a randomised controlled trial, to ensure safety and
generalisability. There remain insufficient data for/against
routine chemical thromboprophylaxis after endoscopic
trans-sphenoidal pituitary surgery. However, this remains
a widely used strategy in many centres worldwide as part
of their postoperative care bundle to reduce VTE compli-
cations. Our data demonstrates that this is a safe approach.
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the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Shalhoub J, Lawton R, Hudson J, Baker C, Bradbury A, Dhillon
K, Everington T, Gohel MS, Hamady Z, Hunt BJ, Stansby G,
Warwick D, Norrie J, Davies AH, GAPS Trial Investigators
(2020) Graduated compression stockings as adjuvant to phar-
maco-thromboprophylaxis in elective surgical patients (GAPS
study): randomised controlled trial. BMJ 369:m1309. https://
doi.org/10.1136/bmj.m1309

2. Arabi YM, Al-Hameed F, Burns KEA, Mehta S, Alsolamy SJ,
Alshahrani MS, Mandourah Y, Almekhlafi GA, Almaani M,
Al Bshabshe A, Finfer S, Arshad Z, Khalid I, Mehta Y, Gaur
A, Hawa H, Buscher H, Lababidi H, Al Aithan A, Abdukahil
SAIL Jose J, Afesh LY, Al-Dawood A, Saudi Critical Care Trials
Group (2019) Adjunctive intermittent pneumatic compression
for venous thromboprophylaxis. N Engl J Med 380(14):1305—
1315. https://doi.org/10.1056/NEJMo0al816150

3. Mismetti P, Laporte-Simitsidis S, Tardy B, Cucherat M, Buch-
muller A, Juillard-Delsart D, Decousus H (2000) Prevention
of venous thromboembolism in internal medicine with unfrac-
tionated or low-molecular-weight heparins: a meta-analysis of
randomised clinical trials. Thromb Haemost 83(1):14-19

4. Anderson DR, Morgano GP, Bennett C, Dentali F, Francis CW,
Garcia DA, Kahn SR, Rahman M, Rajasekhar A, Rogers FB,
Smythe MA, Tikkinen KAO, Yates AJ, Baldeh T, Balduzzi S,
Brozek JL, Ikobaltzeta IE, Johal H, Neumann I, Wiercioch W,
Yepes-Nunez JJ, Schunemann HJ, Dahm P (2019) American
Society of Hematology 2019 guidelines for management of
venous thromboembolism: prevention of venous thromboem-
bolism in surgical hospitalized patients. Blood Adv 3(23):3898—
3944. https://doi.org/10.1182/bloodadvances.2019000975

5. Afshari A, Ageno W, Ahmed A, Duranteau J, Faraoni D, Kozek-
Langenecker S, Llau J, Nizard J, Solca M, Stensballe J, Thien-
pont E, Tsiridis E, Venclauskas L, Samama CM, ESA VTE
Guidelines Task Force (2018) European Guidelines on periop-
erative venous thromboembolism prophylaxis: executive sum-
mary. Eur J Anaesthesiol 35(2):77-83. https://doi.org/10.1097/
EJA.0000000000000729

6. NICE (n.d.) Venous thromboembolism in over 16s: reducing
the risk of hospital-acquired deep vein thrombosis or pulmo-
nary embolism. https://www.nice.org.uk/guidance/ng89/chapt
er/Recommendations#interventions-for-people-having-elect
ive-spinal-surgery-or-cranial-surgery-or-people-with-spinal.
Accessed 23 June 2020

7. Hamilton MG, Yee WH, Hull RD, Ghali WA (2011) Venous
thromboembolism prophylaxis in patients undergoing cranial
neurosurgery: a systematic review and meta-analysis. Neurosur-
gery 68(3):571-581. https://doi.org/10.1227/NEU.0b013e3182
093145

8. Tanweer O, Boah A, Huang PP (2013) Risks for hemorrhagic
complications after placement of external ventricular drains

10.

11.

12.

13.

14.

15.

16.

17.

18.

with early chemical prophylaxis against venous thromboembo-
lisms. J Neurosurg 119(5):1309-1313. https://doi.org/10.3171/
2013.7.JNS13313

Alshehri N, Cote DJ, Hulou MM, Alghamdi A, Alshahrani
A, Mekary RA, Smith TR (2016) Venous thromboembolism
prophylaxis in brain tumor patients undergoing craniotomy: a
meta-analysis. J Neurooncol 130(3):561-570. https://doi.org/
10.1007/s11060-016-2259-x

Chang R, Scerbo MH, Schmitt KM, Adams SD, Choi TJ, Wade
CE, Holcomb JB (2017) Early chemoprophylaxis is associated
with decreased venous thromboembolism risk without concomi-
tant increase in intraspinal hematoma expansion after traumatic
spinal cord injury. J Trauma Acute Care Surg 83(6):1088-1094.
https://doi.org/10.1097/TA.0000000000001675

Chibbaro S, Cebula H, Todeschi J, Fricia M, Vigouroux D,
Abid H, Kourbanhoussen H, Pop R, Nannavecchia B, Gubian
A, Prisco L, Ligarotti GKI, Proust F, Ganau M (2018) Evolution
of prophylaxis protocols for venous thromboembolism in neuro-
surgery: results from a prospective comparative study on low-
molecular-weight heparin, elastic stockings, and intermittent
pneumatic compression devices. World Neurosurg 109:e510-
e516. https://doi.org/10.1016/j.wneu.2017.10.012

Khan NR, Patel PG, Sharpe JP, Lee SL, Sorenson J (2018)
Chemical venous thromboembolism prophylaxis in neurosur-
gical patients: an updated systematic review and meta-analysis.
J Neurosurg 129(4):906-915. https://doi.org/10.3171/2017.2.
INS162040

Spinazzi EF, Pines MJ, Fang CH, Raikundalia MD, Baredes
S, Liu JK, Eloy JA (2015) Impact and cost of care of venous
thromboembolism following pituitary surgery. Laryngoscope
125(7):1563-1567. https://doi.org/10.1002/1ary.25161
Wagner J, Langlois F, Lim DST, McCartney S, Fleseriu M
(2018) Hypercoagulability and risk of venous thromboembolic
events in endogenous Cushing’s syndrome: a systematic meta-
analysis. Front Endocrinol (Lausanne) 9:805. https://doi.org/10.
3389/fendo.2018.00805

Stuijver DJ, van Zaane B, Feelders RA, Debeij J, Cannegi-
eter SC, Hermus AR, van den Berg G, Pereira AM, de Herder
WW, Wagenmakers MA, Kerstens MN, Zelissen PM, Fliers E,
Schaper N, Drent ML, Dekkers OM, Gerdes VE (2011) Inci-
dence of venous thromboembolism in patients with Cushing’s
syndrome: a multicenter cohort study. J Clin Endocrinol Metab
96(11):3525-3532. https://doi.org/10.1210/jc.2011-1661
Zador Z, Gnanalingham K (2013) Endoscopic transnasal
approach to the pituitary—operative technique and nuances.
Br J Neurosurg 27(6):718-726. https://doi.org/10.3109/02688
697.2013.798862

Zacharia BE, Youngerman BE, Bruce SS, Hershman DL, Neugut
Al Bruce JN, Wright JD (2017) Quality of postoperative venous
thromboembolism prophylaxis in neuro-oncologic surgery. Neu-
rosurgery 80(1):73-81. https://doi.org/10.1227/NEU.0000000000
001270

Papakokkinou E, Olsson DS, Chantzichristos D, Dahlqvist P,
Segerstedt E, Olsson T, Petersson M, Berinder K, Bensing S, Hoy-
bye C, Eden-Engstrom B, Burman P, Bonelli L, Follin C, Petranek
D, Erfurth EM, Wahlberg J, Ekman B, Akerman AK, Schwarcz
E, Bryngelsson IL, Johannsson G, Ragnarsson O (2020) Excess
morbidity persists in patients with Cushing’s disease during long-
term remission: a Swedish nationwide study. J Clin Endocrinol
Metab. https://doi.org/10.1210/clinem/dgaa291

. Manetti L, Bogazzi F, Giovannetti C, Raffaelli V, Genovesi M,

Pellegrini G, Ruocco L, Iannelli A, Martino E (2010) Changes in
coagulation indexes and occurrence of venous thromboembolism
in patients with Cushing’s syndrome: results from a prospective
study before and after surgery. Eur J Endocrinol 163(5):783-791.
https://doi.org/10.1530/EJE-10-0583

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1136/bmj.m1309
https://doi.org/10.1136/bmj.m1309
https://doi.org/10.1056/NEJMoa1816150
https://doi.org/10.1182/bloodadvances.2019000975
https://doi.org/10.1097/EJA.0000000000000729
https://doi.org/10.1097/EJA.0000000000000729
https://www.nice.org.uk/guidance/ng89/chapter/Recommendations#interventions-for-people-having-elective-spinal-surgery-or-cranial-surgery-or-people-with-spinal
https://www.nice.org.uk/guidance/ng89/chapter/Recommendations#interventions-for-people-having-elective-spinal-surgery-or-cranial-surgery-or-people-with-spinal
https://www.nice.org.uk/guidance/ng89/chapter/Recommendations#interventions-for-people-having-elective-spinal-surgery-or-cranial-surgery-or-people-with-spinal
https://doi.org/10.1227/NEU.0b013e3182093145
https://doi.org/10.1227/NEU.0b013e3182093145
https://doi.org/10.3171/2013.7.JNS13313
https://doi.org/10.3171/2013.7.JNS13313
https://doi.org/10.1007/s11060-016-2259-x
https://doi.org/10.1007/s11060-016-2259-x
https://doi.org/10.1097/TA.0000000000001675
https://doi.org/10.1016/j.wneu.2017.10.012
https://doi.org/10.3171/2017.2.JNS162040
https://doi.org/10.3171/2017.2.JNS162040
https://doi.org/10.1002/lary.25161
https://doi.org/10.3389/fendo.2018.00805
https://doi.org/10.3389/fendo.2018.00805
https://doi.org/10.1210/jc.2011-1661
https://doi.org/10.3109/02688697.2013.798862
https://doi.org/10.3109/02688697.2013.798862
https://doi.org/10.1227/NEU.0000000000001270
https://doi.org/10.1227/NEU.0000000000001270
https://doi.org/10.1210/clinem/dgaa291
https://doi.org/10.1530/EJE-10-0583

274

Pituitary (2022) 25:267-274

20.

21.

22.

23.

24.

25.

26.

Barbot M, Daidone V, Zilio M, Albiger N, Mazzai L, Sartori MT,
Frigo AC, Scanarini M, Denaro L, Boscaro M, Casonato S, Cec-
cato F, Scaroni C (2015) Perioperative thromboprophylaxis in
Cushing’s disease: what we did and what we are doing? Pituitary
18(4):487-493. https://doi.org/10.1007/s11102-014-0600-y
Babic B, De Roulet A, Volpe A, Nilubol N (2019) Is VTE prophy-
laxis necessary on discharge for patients undergoing adrenalec-
tomy for Cushing syndrome? J Endocr Soc 3(2):304-313. https://
doi.org/10.1210/js.2018-00278

Jacobs LJ, Woods BI, Chen AF, Lunardini DJ, Hohl JB, Lee JY
(2013) Safety of thromboembolic chemoprophylaxis in spinal
trauma patients requiring surgical stabilization. Spine (Phila Pa
1976) 38(16):E1041-1047. https://doi.org/10.1097/BRS.0b013
e31829879cc

Strom RG, Frempong-Boadu AK (2013) Low-molecular-weight
heparin prophylaxis 24 to 36 hours after degenerative spine sur-
gery: risk of hemorrhage and venous thromboembolism. Spine
(Phila Pa 1976) 38(23):E1498-1502. https://doi.org/10.1097/BRS.
0b013e3182a4408d

Younus I, Gerges MM, Godil SS, Uribe-Cardenas R, Dobri GA,
Ramakrishna R, Schwartz TH (2019) Incidence and risk factors
associated with reoperation for sellar hematoma following endo-
scopic transsphenoidal pituitary surgery. J Neurosurg. https://doi.
org/10.3171/2019.6.JNS191169

Agam MS, Wedemeyer MA, Wrobel B, Weiss MH, Carmichael
JD, Zada G (2018) Complications associated with microscopic
and endoscopic transsphenoidal pituitary surgery: experience of
1153 consecutive cases treated at a single tertiary care pituitary
center. J Neurosurg. https://doi.org/10.3171/2017.12.JNS172318
Kim DH, Hong YK, Jeun SS, Park JS, Lim DJ, Kim SW, Cho
JH, Park YJ, Kim Y, Kim SW (2017) Endoscopic endonasal

@ Springer

27.

28.

29.

30.

transsphenoidal approach from the surgeon point of view. J Cran-
iofac Surg 28(4):959-962. https://doi.org/10.1097/SCS.00000
00000003423

Mesa Galan LA, Egea-Guerrero JJ, Quintana Diaz M, Vilches-
Arenas A (2016) The effectiveness and safety of pharmacologi-
cal prophylaxis against venous thromboembolism in patients with
moderate to severe traumatic brain injury: a systematic review and
meta-analysis. J Trauma Acute Care Surg 81(3):567-574. https://
doi.org/10.1097/TA.0000000000001134

Byrne JP, Mason SA, Gomez D, Hoeft C, Subacius H, Xiong W,
Neal M, Pirouzmand F, Nathens AB (2016) Timing of pharmaco-
logic venous thromboembolism prophylaxis in severe traumatic
brain injury: a propensity-matched cohort study. J Am Coll Surg
223(4):621-631.e625. https://doi.org/10.1016/j.jamcollsurg.2016.
06.382

Dengler BA, Mendez-Gomez P, Chavez A, Avila L, Michalek
J, Hernandez B, Grandhi R, Seifi A (2016) Safety of chemical
DVT prophylaxis in severe traumatic brain injury with invasive
monitoring devices. Neurocrit Care 25(2):215-223. https://doi.
org/10.1007/s12028-016-0280-8

Koutroumpi S, Daidone V, Sartori MT, Cattini MG, Albiger NM,
Occhi G, Ferasin S, Frigo A, Mantero F, Casonato A, Scaroni
C (2013) Venous thromboembolism in patients with Cushing’s
syndrome: need of a careful investigation of the prothrombotic
risk profile. Pituitary 16(2):175-181. https://doi.org/10.1007/
s11102-012-0398-4

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1007/s11102-014-0600-y
https://doi.org/10.1210/js.2018-00278
https://doi.org/10.1210/js.2018-00278
https://doi.org/10.1097/BRS.0b013e31829879cc
https://doi.org/10.1097/BRS.0b013e31829879cc
https://doi.org/10.1097/BRS.0b013e3182a4408d
https://doi.org/10.1097/BRS.0b013e3182a4408d
https://doi.org/10.3171/2019.6.JNS191169
https://doi.org/10.3171/2019.6.JNS191169
https://doi.org/10.3171/2017.12.JNS172318
https://doi.org/10.1097/SCS.0000000000003423
https://doi.org/10.1097/SCS.0000000000003423
https://doi.org/10.1097/TA.0000000000001134
https://doi.org/10.1097/TA.0000000000001134
https://doi.org/10.1016/j.jamcollsurg.2016.06.382
https://doi.org/10.1016/j.jamcollsurg.2016.06.382
https://doi.org/10.1007/s12028-016-0280-8
https://doi.org/10.1007/s12028-016-0280-8
https://doi.org/10.1007/s11102-012-0398-4
https://doi.org/10.1007/s11102-012-0398-4

	Venous thromboembolism chemical prophylaxis after endoscopic trans-sphenoidal pituitary surgery
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Results
	Patient characteristics
	Chemoprophylaxis
	Complications

	Discussion
	Conclusion
	References




