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Acute Epidural Hematoma Occurring After Removal of Percutaneous 
Spinal Cord Stimulator Trial Leads in a Cancer Patient with Chronic 
Thrombocytopenia: A Case Report

Selaiman Noori, MD1, James Yu, MD2, and Amitabh Gulati, MD3

Background: While the possibility of spinal 
epidural hematoma (SEH) has been considered 
a complication of removal of spinal cord stimula-
tor (SCS) leads, acute hematoma has not been 
described in the oncologic population.  
Objectives: We describe concerns of neuraxial 

procedures in cancer patients. This population 
represents a unique subset of patients as throm-
bocytopenia, as well as platelet dysfunction, are 
common complications of cancer and chemo-
therapy. The literature regarding the assessment 
and management of thrombocytopenia in patients 
undergoing neuraxial techniques is reviewed.
Study Design: Case report.
Setting: A major academic cancer hospital, Me-

morial Sloan Kettering Cancer Center.
Methods: We report a case of acute SEH occur-

ring in a patient 5 minutes after removal of SCS 
trial leads. The patient has a history of chronic 
thrombocytopenia and lymphoma.
Results: Although the patient’s trial leads were 

placed without incident and platelets were “cor-
rected” with transfusions, she presented with 
acute back pain and headache. Computed to-
mography (CT) imaging confirmed an epidural 

hematoma, which clinically resolved and led to 
no long-term sequelae.  
Limitations: Retrospective design, no possibil-

ity to establish a cause-effect relationship, and 
subject to risk of over-interpretation.
Conclusions: We present a patient experiencing 

symptoms of acute neuraxial bleeding immedi-
ately following removal of SCS trial leads. The pa-
tient’s chronic thrombocytopenia was attributed to 
splenic sequestration, and therefore, was treated 
with platelet transfusions. The patient, however, 
had several risk factors for platelet dysfunction, 
as well. The use of point-of-care platelet function 
assays, such as platelet function analyzer and 
viscoelastic methodologies, would have perhaps 
helped to better elucidate the bleeding risk in this 
patient and help guide management. The discov-
ery of platelet dysfunction would have precluded 
our patient from neuromodulation.
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of pain by stimulation of the dorsal columns (1). Today, 
spinal cord stimulation (SCS) is regarded as a well-
established and relatively safe treatment for chronic 
pain conditions (2). Most SCS complications are 
mechanical-related issues, such as lead migration, 
lead fracture, and equipment failure (3, 4). Biological 
complications are rare and include infection, seroma, 
cerebrospinal fluid leak, spinal cord trauma, and 
spinal epidural hematoma (SEH) (5). In one study, 
Levy et al (5) reported the incidence of SEH to be 
0.014% for epidural catheter placement and 0.19% 
for SCS. A more recent review of over 8,300 patients 
by Petraglia et al (6) found the overall incidence of 

The field of neuromodulation has experienced rapid 
development since Shealy and colleagues published 
their seminal paper in 1967 on the electrical inhibition 
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SCS associated SEH was 0.71%, with no significant 
difference between percutaneous and paddle groups. 
SCS trial and implant procedures are classified as 

having high-risk potential for serious bleed and epi-
dural hematoma formation (7). Significant uncertainty 
regarding platelet quantity and quality thresholds 
exists among clinicians. For example, the minimum 
platelet count threshold for performing a lumbar 
puncture is 50 x 103/uL in the United States and the 
United Kingdom, and 20 x 103/uL in Germany (8-10). 
For insertion of an epidural catheter, the threshold is 
50 x 103/uL in Italy and the United Kingdom, and 80 x 
103/uL in France (9,11,12). A 2016 Cochrane Review 
did not identify any completed or ongoing random-
ized controlled trials studying the correct platelet 
transfusion threshold for lumbar puncture or epidural 
catheter placement (13). The Neuromodulation Ap-
propriateness Consensus Committee (NACC), how-
ever, recommends against SCS trials and implants 
in patients with severe thrombocytopenia, defined as 
platelet counts less than 50 x 103/uL (14). A recent 
systematic review of epidural hematoma associated 
with neuraxial techniques in thrombocytopenic partu-
rients reported that the risk of epidural hematoma for 
a platelet count  of 0 to 49 x 103/uL  is 11%, for 50 x 
103 to 69 x 103/uL  is 3%, and for 70 x 103 to 100 x 
103/uL is 0.2% (15). Cancer patients presenting for 
interventional pain procedures represent a separate 
subset of patients as thrombocytopenia, as well as 
platelet dysfunction, are common complications of 
cancer and chemotherapy (16). 
Overall, 7 case reports highlighting epidural hema-

toma in the setting of SCS placement, implantation, 
or lead extraction have been published (17-23). The 
report by Santiago et al (21) involved a patient who 
received enoxaparin the night before surgical SCS 
lead placement and the report by Buvanendran (22) 
and colleagues occurred in the setting of percutane-
ous SCS lead placement in a patient taking aspirin. 
Except for Smith et al (20), the other 3 reports did 
not provide a list of medications taken by the pa-
tients.  Giberson and colleagues describe epidural 
hematoma formation after removal of percutaneous 
SCS trial leads in 2 patients taking aspirin (23). To 
the best of our knowledge, this is the first report of 
acute SEH occurring after removal of percutaneous 
SCS trial leads in a cancer patient with corrected 
thrombocytopenia who was not taking antiplatelet or 
anticoagulant medications. 

CASE REPORT
A 72-year-old woman presented with complaints of 

ongoing lower back pain radiating down both legs, 
predominantly left sided, for the past year and has 
limited mobility due to pain. A lumbar laminectomy 
(L4-L5) with foraminotomy and microdiscectomy was 
performed at an outside hospital one year prior to 
presentation. Magnetic resonance imaging (MRI) of 
the total spine showed no evidence of osseous meta-
static disease, cord compression, or leptomeningeal 
disease. Her past medical history was also notable 
for stage II follicular lymphoma (nonbulky disease), 
for which surveillance was recommended, liver cir-
rhosis, chronic thrombocytopenia perhaps secondary 
to splenomegaly, hypertension, noninsulin dependent 
diabetes mellitus, osteoarthritis, and symptomatic 
sinus bradycardia, for which she was 2 weeks post-
implantation of a permanent pacemaker. Surgical 
history included cataract surgery, hysterectomy, 
cholecystectomy, VNUS ClosureFAST of left great 
saphenous vein, lumbar laminectomy, ventral hernia 
repair, and pacemaker placement. Her medications 
included oxymorphone 10 mg 3 times daily, fentanyl 
75 mcg/hr transdermal patch, lidocaine 5% topical 
film, trazodone, mirtazapine, alprazolam, prednisone, 
carvedilol, furosemide, amlodipine, and sitagliptin. 
The patient was not taking any anticoagulants, anti-
platelets, or herbal supplements.
Another preoperative MRI of the total spine did not 

reveal any evidence of anatomical abnormalities, 
such as spinal stenosis or epidural disease. Having 
failed to respond to conservative approaches and 
more invasive treatments, SCS and implantation of an 
intrathecal drug delivery system (IDDS) were offered 
as the most appropriate options for their potential 
to improve her analgesia and reduce her pharma-
cotherapy dependency. Due to patient preference, 
placement of an IDDS was deferred and SCS was 
chosen as the best course of treatment.
On the day of the procedure, her labs were notable 

for a normal coagulation profile (PT/INR, aPTT) and 
a platelet count of 84 x 103/uL, which is below the 
minimum platelet count of 100 x 103/uL used by our 
practice for performing interventional pain proce-
dures. Following transfusion of one unit of platelets, 
the patient’s platelet count increased to 108 x 103/uL. 
Under monitored anesthesia care, 2, 14-gauge Touhy 
needles were then introduced with a single pass into 
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the epidural space at the L1 to L2 level. After verifying 
needle placement, 2 octopolar trial leads (Medtronic 
SureScan™) were advanced under fluoroscopic guid-
ance into the epidural space and placed to the left of 
midline, with the distal tip of the first lead ending at 
approximately T8 and the second lead at T9 (Fig. 1). 
Following a 3 day trial, the patient reported minimal 

improvement in pain scores, but did have significant 
functional improvement. Despite improvement in 
function, she unfortunately was unable to tolerate 
the paresthesias associated with SCS and ultimately 
deferred permanent implantation. Removal of trials 
leads was delayed secondary to thrombocytopenia 
requiring multiple transfusions of platelets. 
On the evening of postoperative day 4, her platelet 

count was 76 x 103/uL, which was treated with one 
unit of platelets. Morning labs on day 5 showed a 
count of 77 x 103/uL, so the patient received another 
unit of platelets. On day 6, her platelet count was 97 
x 103/uL, with subsequent increase to 110 x 103/uL 
following transfusion of one unit of platelets. The per-
cutaneous trial leads were then removed at the bed-
side without any notable complications or bleeding. 
Within 5 minutes of lead extractions, the patient 

complained of severe, nonradiating mid- and low-
back pain associated with a new posterior occipital 
headache. She maintained baseline strength and 
sensation of her extremities and neurologic exam 
was normal. A neurosurgery consult was placed and 
an emergent computed tomography (CT) scan with 
intravenous contrast medium of the total spine was 
performed, which was negative for hematoma on pre-
liminary report by the senior radiology resident on call. 
Overnight, the patient was monitored closely and 

hourly neurologic exams were performed. Her 
symptoms stabilized and by the following morning 
had completely resolved. On postoperative day 7, 
our team was alerted by radiology regarding incor-
rect preliminary findings and that the CT scan in fact 
demonstrated an acute epidural hematoma extending 
from the T2 to T9 levels (Fig. 2). On follow-up clinic 
visits, the patient reported no new bleeding issues 
and repeat imaging showed resolution of hematoma. 
Pain remained at baseline; however, she denied any 
new weakness or other neurologic symptoms. 

DISCUSSION
Although the risk of SEH associated with SCS is 

very low, the potential complications can be dev-
astating. Recently published case reports highlight 
that SEH can occur in the setting of SCS trial lead 
placement, lead extraction, or permanent implantation 
(19,22,23).  This is consistent with previous findings 
that the placement and removal of epidural catheters 
are likely equally traumatic. A review of the literature 
between 1906 and 1994 by Vandermeulen et al (24) 
reported that of the 32 patients who experienced a 
SEH in the setting of an indwelling epidural catheter, 
15 occurred after catheter removal. Trauma to the 
epidural space may be amplified with SCS owing to 
the use of larger gauge needles and relatively stiff 
leads. The introduction of guidelines for pain and 
spine procedures in 2015 provided best practices 
for the periprocedural management of patients on 
antiplatelets/anticoagulants (7,25). However, there 
remains a lack of adequate guidance regarding plate-
let count thresholds for neuraxial techniques as indi-
cated by the significant country to country variability 
in thresholds (13). Our case report is one of the few 
reports of SEH after removal of percutaneous SCS 
trial leads, and is the first in a patient with presumably 
corrected chronic thrombocytopenia.

Fig. 1. Epidural SCS trial leads with distal tip of superior 
electrode at T8 and the inferior electrode at T9.
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A quantitative platelet deficiency is usually acquired 
and may be associated with a variety of conditions 
including, but not limited to, hypersplenism from 
chronic liver disease, drug-induced thrombocytopenia 
(e.g., chemotherapy, glycoprotein IIb/IIIa inhibitors), 
autoimmune-mediated destruction, and cancer with 
bone marrow infiltration or suppression (e.g., lym-
phoma, leukemia) (26). Acquired platelet function 
defects are most commonly a result of therapeutic 
antiplatelet agents, uremia, myeloproliferative disor-
ders, diabetes mellitus, and trauma. It is well known 
that liver disease may lead to both a quantitative 
and qualitative disorder of platelet function (27). In 
the case of our patient with a history of cirrhosis and 
lymphoproliferative malignancy, thrombocytopenia 
could have resulted from splenic sequestration of 

platelets secondary to splenomegaly, decreased 
production due to bone marrow replacement, and/or 
immune-mediated destruction (16,28). 
Currently, there are no consensus recommendations 

on the optimum platelet count for safely performing 
neuraxial anesthesia or chronic pain procedures. If 
guidelines set a threshold higher than necessary, 
then treatment could be delayed and patients will 
be unnecessarily exposed to the risks of platelet 
transfusions (13). Serious complications are rare, but 
can be life-threatening and include bloodborne infec-
tions, transfusion-related acute lung injury (TRALI), 
transfusion-associated circulatory overload (TACO), 
anaphylactic reactions, and hemolytic transfusion 
reactions (26). 

Fig. 2b. Sagittal view of CT with 
contrast of the thoracolumbar spine, 
demonstrating a focus of epidural hy-
perdensity (black arrows), consistent 
with hematoma spanning the T2-T9 
levels.
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The possibility of bleeding after certain neuraxial 
techniques may be low in patients with low platelet 
counts, and therefore, some patients may be ex-
posed to the risks of platelet transfusion without any 
recognizable clinical benefit. In a study of over 1,000 
children with thrombocytopenia most commonly due 
to acute lymphocytic leukemia, no bleeding compli-
cation occurred after undergoing diagnostic lumbar 
puncture. In this case series, 243 patients had a 
platelet count under 20 x 103/uL and 817 had counts 
between 21 x 103/uL and 50 x 103/uL (29). On the 
other hand, SCS placement may have inherently 
higher risk for SEH due to larger bore needles used, 
rigidity and larger diameter of stimulator leads, and 
the longer distance that leads must be passed in the 
epidural space (7,22).   
The ability to arrest bleeding following vessel dam-

age is largely dependent on primary hemostasis—the 
prompt recruitment of platelets and rapid formation 
of a platelet plug (30). Given the increased risk for 
bleeding associated with quantitative and/or qualita-
tive platelet defects, should the pain clinician evaluate 
platelet function before neuromodulation? There are 
several laboratory tests of platelet function, such as 
bleeding time, impedance aggregometry, light trans-
mission platelet aggregation, and lumiaggregometry 
that are used in diagnosing and managing hemostatic 
capacity, however, their use is typically limited to 
specialized clinical and research laboratories (31). 
In recent years, the development of simpler point-of-
care (POC) testing has expanded the clinical settings 
in which assessment of platelet function is possible. 
The platelet function analyzer (PFA-100) is a POC 

test that assesses platelet function by accelerating 
citrated whole blood through a microscopic aperture 
within a collagen membrane coated with platelet acti-
vator. The time recorded for a platelet clot to plug the 
orifice is defined as closure time. The PFA-100 has 
been shown to be more sensitive than the bleeding 
time test for diagnosis of platelet function defects, and 
as sensitive and specific as light transmission platelet 
aggregometry, the historical gold standard (31,32). 
PFA showed a high predictive value of platelet func-

tion for managing perioperative blood loss in cardiac 
surgery (33) and for predicting severity of postpartum 
hemorrhage  (34). Overall, the PFA has a high nega-
tive predictive value and should be considered as a 
screening tool in the global assessment of platelet 
function (31). 
Viscoelastic methodologies for assessing global 

hemostatic function, such as thromboelastography 
(TEG) and thromboelastometry (ROTEM) are POC 
devices that provide information about all phases of 
coagulation and fibrinolysis. Each step of hemostasis 
is indicated by a different measured test parameter 
with maximum amplitude (MA, TEG) and maximum 
clot firmness (MCF, ROTEM) correlating with platelet 
count and adequacy of function. These tests have 
been shown to provide predictive evaluation of the 
risk for postoperative bleeding and transfusion of 
blood products (35). A recent systematic review by 
Wikkelso (36) and colleagues reported that the use 
of TEG or ROTEM was associated with reduced mor-
tality and a reduction in the need for blood products 
in bleeding patients. These results, however, were 
mainly based on low quality evidence from trials of 
elective cardiac surgery (37). Although there is no 
evidence correlating ROTEM/TEG parameters to the 
safety of neuraxial procedures, these bedside assays 
do provide information regarding the adequacy of 
platelet function and may help guide clinical decision 
making when caring for a patient with thrombocyto-
penia (38).
In this report, we present a patient experiencing 

symptoms of acute neuraxial bleeding immediately 
following removal of SCS trial leads. The patient’s 
chronic thrombocytopenia was attributed to splenic 
sequestration, and therefore, was treated with platelet 
transfusions. The patient, however, had several risk 
factors for platelet dysfunction, as well. The use of 
POC platelet function assays, such as PFA-100 and 
ROTEM, would have perhaps helped to better eluci-
date the bleeding risk in this patient and help guide 
management. The discovery of platelet dysfunction 
would have precluded our patient from spinal neu-
romodulation.



IPM Reports

32

IPM Reports Vol. 2, No. 1, 2018

REFERENCES
1.	 Shealy C, Mortimer J, Reswick J. Electrical inhibition of pain 

by stimulation of the dorsal columns: Preliminary clinical report. 
Anesth Analg 1967; 46:489-491.

2.	 Deer TR, Krames E, Mekhail N, Pope J, Leong M, Stanton-
Hicks M, Golovac S, Kapural L, Alo K, Anderson J, Foreman 
RD, Caraway D, Narouze S, Linderoth B, Buvanendran A, Fel-
er C, Poree L, Lynch P, McJunkin T, Swing T, Staats P, Liem L, 
Williams K. The appropriate use of neurostimulation: New and 
evolving neurostimulation therapies and applicable treatment 
for chronic pain and selected disease states. Neuromodulation 
Appropriateness Consensus Committee. Neuromodulation 2014; 
17:599-615. 

3.	 Osborne MD, Ghazi SM, Palmer SC, Boone KM, Sletten CD, 
Nottmeier EW. Spinal cord stimulator—trial lead migration study. 
Pain Med 2011; 12:204-208.

4.	 Henderson JM, Schade CM, Sasaki J, Caraway DL, Oakley JC. 
Prevention of mechanical failures in implanted spinal cord stim-
ulation systems. Neuromodulation 2006; 9:183-191.

5.	 Levy R, Henderson JM, Slavin K, Simpson BA, Barolat G, Shi-
pley J, North R. Incidence and avoidance of neurologic compli-
cations with paddle type spinal cord stimulation leads. Neuro-
modulation 2011; 14:412-422.

6.	 Petraglia FW, Farber SH, Gramer R, Verla T, Wang F, Thom-
as S, Parente B, Lad SP. The incidence of spinal cord injury in 
implantation of percutaneous and paddle electrodes for spinal 
cord stimulation. Neuromodulation 2016; 19:85-90. 

7.	 Narouze S, Benzon HT, Provenzano DA, Buvanendran A, De 
Andres J, Deer TR, Rauck R, Huntoon MA. Interventional spine 
and pain procedures in patients on antiplatelet and anticoagu-
lant medications: guidelines from the American Society of Re-
gional Anesthesia and Pain Medicine, the European Society of 
Regional Anaesthesia and Pain Therapy, the American Acade-
my of Pain Medicine, the International Neuromodulation Society, 
the North American Neuromodulation Society, and the World In-
stitute of Pain. Reg Anesth Pain Med 2015; 40:182-212.

8.	 Kaufman RM, Djulbegovic B, Gernsheimer T, Kleinman S, 
Tinmouth AT, Capocelli KE, Cipolle MD, Cohn CS, Fung MK, 
Grossman BJ, Mintz PD, O’Malley BA, Sesok-Pizzini DA, 
Shander A, Stack GE, Webert KE, Weinstein R, Welch BG, 
Whitman GJ, Wong EC, Tobian AA; AABB. Platelet transfusion: 
A clinical practice guideline from the AABB. Ann Intern Med 2015; 
162:205-213.

9.	 British Committee for Standards in Haematology, Blood Transfu-
sion Task Force. Guidelines for the use of platelet transfusions. 
Br J Haematol 2003; 122:10-23.

10.	 The Board of the German Medical Association on the recom-
mendation of the Scientific Advisory Board Platelet transfusions. 
Transfusion Medicine and Hematology 2009; 36:372-378.

11.	 Liumbruno GM, Bennardello F, Lattanzio A, Piccoli P, Rossetti 
G, Italian Society of Transfusion Medicine and Immunohaema-
tology (SIMTI) Working Party. Recommendations for the trans-
fusion management of patients in the peri-operative period. I. 
The pre-operative period. Blood Transfus 2011; 9:19-40.

12.	 Samama CM, Djooudi R, Lecompte T, Nathan-Denizot N, Sch-
ved JF, Agence Francaise de Securite Sanitaire des Produits de 
Sante expert group. Perioperative platelet transfusion: Recom-
mendations of the Agence Francaise de Securite Sanitaire des 
Produits de Sante (AFSSaPS) 2003. Can J Anaesth 2005; 52:30-
37.

13.	 Estcourt LJ, Ingram C, Doree C, Trivella M, Stanworth SJ. 
Use of platelet transfusions prior to lumbar punctures or epi-
dural anaesthesia for the prevention of complications in peo-

ple with thrombocytopenia. Cochrane Database Syst Rev 2016; 
5:CD011980.

14.	 Deer TR, Mekhail N, Provenzano D, Pope J, Krames E, Thom-
son S, Raso L, Burton A, DeAndres J, Buchser E, Buvanen-
dran A, Liem L, Kumar K, Rizvi S, Feler C, Abejon D, Ander-
son J, Eldabe S, Kim P, Leong M, Hayek S, McDowell G 2nd, 
Poree L, Brooks ES, McJunkin T, Lynch P, Kapural L, Foreman 
RD, Caraway D, Alo K, Narouze S, Levy RM, North R. The ap-
propriate use of neurostimulation of the spinal cord and periph-
eral nervous system for the treatment of chronic pain and isch-
emic diseases: The Neuromodulation Appropriateness Consen-
sus Committee. Neuromodulation 2014; 17:515-550. 

15.	 Lee LO, Bateman BT, Kheterpal S, Klumpner TT, Housey M, 
Aziz MF, Hand KW, MacEachern M, Goodier CG, Bernstein 
J, Bauer ME. Risk of epidural hematoma after neuraxial tech-
niques in thrombocytopenic parturients: A report from the mul-
ticenter perioperative outcomes group. Anesthesiology 2017; 
126:1053-1063. 

16.	 Liebman HA. Thrombocytopenia in cancer patients. Thromb Res 
2014; 133(Suppl 2):S63-S69.

17.	 Franzini A, Ferroli P, Marras S, Broggi G. Huge epidural hemato-
ma after surgery for spinal cord stimulation. Acta Neurochir (Wien) 
2005; 147:565-567.

18.	 Takawira N, Han RJ, Nguyen TQ, Gaines JD, Han TH. Spinal 
cord stimulator and epidural haematoma. Br J Anaesth 2012; 
109:649-650.

19.	 Kloss BT, Sullivan AM, Rodriguez E. Epidural hematoma follow-
ing spinal cord stimulator implant. Int J Emerg Med 2010; 3:483-
484.

20.	 Smith CC, Lin JL, Shokat M, Dosanjh SS, Casthely D. A report 
of paraparesis following spinal cord stimulator. Pain Physician 
2010; 13:357-363.

21.	 Santiago FM, Santiago J, Prieto M, Garcia-Sanchez MJ, San-
chez-Carrion JM, Martinez-Telleria A, Garzon A. [Dorsal epidur-
al hematoma after implantation of a dorsal nerve stimulator]. Rev 
Esp Anestesiol Reanim 2005; 52:440-441.

22.	 Buvanendran A, Young A. Spinal epidural hematoma after spi-
nal cord stimulator trial lead placement in a patient taking aspi-
rin. Reg Anesth Pain Med 2014; 39:70-72.

23.	 Giberson CE, Barbosa J, Brooks ES, McGlothlen GL, Grigsby 
EJ, Kohut JJ, Wolbers LL, Poree LR. Epidural hematomas after 
removal of percutaneous spinal cord stimulator trial leads: Two 
case reports. Reg Anesth Pain Med 2014; 39:73-77.

24.	 Vandermeulen E, Van Aken H, Vermylen J. Anticoagulants and 
spinal-epidural anesthesia. Anesth Analg 1994; 79:1165-1177.

25.	 Moeschler SM, Warner NS, Lamer TJ, Bendel MA, Warner 
MA, Eldrige JS, Mauck WD, Gazelka HM, Kor DJ, Hoelzer BC. 
Bleeding complications in patients undergoing percutaneous 
spinal cord stimulator trials and implantations. Pain Med 2016; 
17:2076-2081.

26.	 Kiefel V, Greinacher A. [Differential diagnosis and treatment of 
thrombocytopenia]. Internist (Berl) 2010; 51:1397-1410.

27.	 Roberts LN, Patel RK, Arya R. Haemostasis and thrombosis in 
liver disease. Br J Haematol 2010; 148:507-521.

28.	 Aster RH. Pooling of platelets in the spleen: Role in the patho-
genesis of “hypersplenic” thrombocytopenia. J Clin Invest 1966; 
45:645-657.

29.	 van Veen JJ, Nokes TJ, Makris M. The risk of spinal haematoma 
following neuraxial anaesthesia or lumbar puncture in thrombo-
cytopenic individuals. Br J Haematol 2010; 148:15-25.

30.	 Michelson AD. How platelets work: Platelet function and dys-
function. J Thromb Thrombolysis 2003; 16:7-12.

31.	 Paniccia R, Priora R, Liotta AA, Abbate R. Platelet function tests: 



Acute Epidural Hematoma After SCS Leads Removal

33

IPM Reports Vol. 2, No. 1, 2018

A comparative review. Vasc Health Risk Manag 2015; 11:133-148.
32.	 Mammen EF, Comp PC, Gosselin R, Greenberg C, Hoots WK, 

Kessler CM, Larkin EC, Liles D, Nugent DJ. PFA-100 system: 
A new method for assessment of platelet dysfunction. Semin 
Thromb Hemost 1998; 24:195-202. 

33.	 Cammerer U, Dietrich W, Rampf T, Braun SL, Richter JA. The 
predictive value of modified computerized thromboelastography 
and platelet function analysis for postoperative blood loss in rou-
tine cardiac surgery. Anesth Analg 2003; 96:51-57.

34.	 Chauler C, Cochery-Nouvellon E, Mercier E, Aya G, Fabbro-
Peray P, Mismetti P, Lissade-Lavigne G, Gris JC. Some hemo-
stasis variables at the end of the population distributions are risk 
factors for severe postpartum hemorrhages. J Thromb Haemost 
2008; 6:2067-2074. 

35.	 Wikkelsoe AJ, Afshari A, Wetterslev J, Brok J, Moeller AM. Mon-
itoring patients at risk of massive transfusion with thromboelas-
tography or thromboelastometry: A systematic review. Acta An-
aesthesiol Scand 2011; 55:1174-1189.

36.	 Wikkelso A, Wetterslev J, Moller AM, Afshari A. Thromboelas-
tography (TEG) or rotational thromboelastometry (ROTEM) to 
monitor haemostatic treatment in bleeding patients: A system-
atic review with meta-analysis and trial sequential analysis. An-
aesthesia 2017; 72:519-531.

37.	 Beilin Y, Arnold I, Hossain S. Evaluation of the platelet function 
analyzer (PFA-100) vs.the thromboelastogram (TEG) in the par-
turient. Int J Obstet Anesth 2006; 15:7-12.

38.	 Kiefel V. Reactions induced by platelet transfusions. Transfus 
Med Hemother 2008; 35:354-358.




