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euraxial  blocks  and  spinal  haematoma:  Review  of  166  case  reports
ublished  1994–2015.  Part  1:  Demographics  and  risk-factors
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 i g  h  l  i  g  h  t  s

166  case  reports  of spinal  haematoma  (SH)  after neuraxial  block  (CNB)  were  analysed.
There  has  been  a transition  from  male  to female  dominance  among  reported  cases  after  1995.
Elderly  women  undergoing  total  knee  replacement  were  at  the  highest  risk.
Anti-haemostatic  medication  and  spinal  disorders  remain  the  major  risk  factors.
Several  SH-cases  occurred  despite  absence  of  any  known  risk  factor.
Guidelines  must  be  obeyed,  but  are  no guarantee  against  this  complication  to occur.
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a  b  s  t  r  a  c  t

Background:  Bleeding  into  the  vertebral  canal  causing  a spinal  haematoma  (SH)  is a  rare  but  serious
complication  to central  neuraxial  blocks  (CNB).  Of all serious  complications  to CNBs  such  as  meningitis,
abscess,  cardiovascular  collapse,  and  nerve  injury,  neurological  injury  associated  with  SH  has  the  worst
prognosis  for  permanent  harm.  Around  the  turn  of  the  millennium,  the first guidelines  were  published
that  aimed  to  reduce  the  risk  of  this  complication.  These  guidelines  are  based  on known  risk  factors  for  SH,
rather  than  evidence  from  randomised,  controlled  trials  (RCTs).  RCTs,  and  therefore  meta-analysis  of  RCTs,
are not  appropriate  for  identifying  rare  events.  Analysing  published  case  reports  of rare  complications
may  at least  reveal  risk  factors  and  can thereby  improve  management  of  CNBs.  The  aims  of the  present
review  were  to analyse  case  reports  of SH  after  CNBs  published  between  1994  and  2015,  and  compare
these  with  previous  reviews  of  case  reports.
Methods:  MEDLINE  and  EMBASE  were  used  for  identifying  case  reports  published  in  English,  German,
or  Scandinavian  languages,  using  appropriate  search  terms.  Reference  lists  were  also  scrutinised  for  case
reports.  Twenty  different  variables  from  each  case  were  specifically  searched  for and filled  out  on an  Excel
spreadsheet,  and  incidences  were  calculated  using  the  number  of  informative  reports  as  denominator
for  each  variable.
Results:  Altogether  166  case  reports  on  spinal  haematoma  after CNB  published  during  the  years  between
1994  and  2015  were  collected.  The  annual  number  of  case  reports  published  during  this  period  almost
trebled  compared  with the  two  preceding  decades.  This  trend  continued  even  after  the  first  guidelines
on  safe  practice  of  CNBs  appeared  around  year  2000,  although  more  cases  complied  with  such  guide-
lines  during  the  second  half  of  the observation  period  (2005–2015)  than  during  the  first  half.  Three
types  of  risk  factors  dominated:  (1)  Patient-related  risk  factors  such  as  haemostatic  and  spinal  disorders,
(2)  CNB-procedure-related  risks  such  as  complicated  block,  (3)  Drug-related  risks,  i.e.  medication  with

antihaemostatic  drugs.
Conclusions  and  implications:  The  annual  number  of published  cases  of  spinal  haematoma  after  central
neuraxial  blocks  increased  during  the  last  two  decades  (1994–2015)  compared  to  previous  decades.  Case
reports on  elderly  women  account  for  this  increase.  Antihaemostatic  drugs,  heparins  in particular,  are  still
major risk  factors  for developing  post-CNB  spinal  bleedings.  Other  risk  factors  are  haemostatic  and  spinal
disorders  and complicated  blocks,  especially  “bloody  taps”,  whereas  multiple  attempts  do  not  seem  to
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increase  the  risk  of  bleeding.  In a large  number  of  cases,  no risk  factor was  reported.  Guidelines  issued
around the  turn  of the  century  do  not  seem  to have  affected  the number  of published  reports.  In most
cases,  guidelines  were  followed,  especially  during  the  second  half  of  the  study  period.  Thus,  although
guidelines  reduce  the risk  of a post-CNB  spinal  haematoma,  and  should  be strictly  adhered  to  in every
single  case,  they  are  no guarantee  against  such  bleedings  to occur.
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. Introduction

Spinal haematoma (SH) is a rare but serious complication of
entral neuraxial blocks (CNB), i.e. spinal (SPA), epidural (EDA), or
ombined spinal–epidural (CSE) techniques for pain relief during
nd after surgery, during labour, and for chronic pain. In the 1990s,
he risk per procedure in Sweden was 1/160,000 after SPA, and
/18,000 after EDA [1]. The incidence varies from 1/200,000 after

abour pain relief to 1/3600 in women after total knee replacement
1], and, similarly, 1/3600 after cardiac surgery [2].

In 1992, 1994, and 1996 case reviews, analysing 29, 61, and
1 cases of SH after neuraxial blocks respectively, between 1906
nd 1996, were published [3–5]. Since then, several changes in
he perioperative management of surgical patients have occurred.
hromboprophylaxis (Tpx) with low molecular heparin (LMWH)
as been established, ADP-inhibitors, and, since 2002, fonda-
arinux and new oral anticoagulants (NOACs) such as dabigatran
nd rivaroxaban, have been introduced. Effective pain relief with
euraxial analgesia, such as CSE and prolonged EDA, have been

in patients at risk of SH have been published (e.g. [6–9]). All these
measures tend to have an impact on the risk of SH after CNB, and
indicate that the information from the previous reviews more than
20 years ago [3–5] now needs to be updated.

Ideally, guidelines should be based on evidence from ran-
domised controlled trials (RCTs) and meta-analyses. For spinal
haematoma after CNB, however, RCTs are impossible: guidelines
have to rely on clinical experience and drug pharmacology [6–9].
Case reports are important sources of clinical experience [10].

The aims of the present study were to analyse demographics
and risk factors (part 1), diagnosis, treatment, location of the spinal
haematomas, and outcomes (part 2) reported in case reports of SH
after CNB published between 1994 and 2015, and also changes of
these variables over time. Adherence to guidelines issued to reduce
the risks of spinal haematoma was also assessed.

2. Methods

2.1. Literature search

sed increasingly. More elderly patients are having major surgery,
equiring both Tpx and CNB. Chronic medication with anticoag-
lants and platelet inhibitors is more common, especially among
lderly, at the same time as guidelines for the management of CNB
MEDLINE and EMBASE were accessed to find case reports
published in English, German, and Scandinavian languages
between 1994 and end of 2015 using the search terms “spinal”,
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haematoma”, “haemorrhage”, “bleeding”, and “anaesthesia” in
arious combinations. Reference lists of the articles obtained, as
ell as from other relevant literature, were also scrutinised for

dditional case reports.

.2. Selection of cases for analyses

Reports on concurrent intramedullary trauma caused by direct
eedle entrance into the spinal cord were excluded. For a case
eport to be of informative value, the following information was
equired: gender, type of intervention, type of block (spinal, epidu-
al, or combined, level of insertion, single shot or indwelling
atheter), as well as symptom(s), diagnostic method, and treatment
f the haematoma, and ultimate outcome of the patient. Reported
etails about the CNB procedure, such as number of attempts,
bloody tap”, and unintended dural puncture were noted. Time
rom the procedure to 1st symptom, diagnostic methods, and time
rom 1st symptoms of an SH to laminectomy (in case of surgical
vacuation of the haematoma), and outcome, (part 2) were also
oted.

.3. Comparisons

The results of the present study were compared with those of
imilar studies published over 20 years ago [3–5]. Also, case reports
rom the first half of the study period (1994–2004) were compared
o those from the second half. In demographic comparisons (age
nd gender), all obstetric cases were excluded. For comparison
ith nation-wide frequencies of various operations (orthopaedic

nd vascular surgery) and also changes in drug prescriptions over
ime, Sweden was chosen as reference country.

.4. Statistics

Information extracted from each case report was  categorised
nd noted on an Excel spreadsheet, and each category was analysed
eparately and in combination with others. Not all case reports
ad information about all non-mandatory variables. The number
f informative reports was used as denominator for calculation of
ccurrences in per cent.

Differences between study groups (first half vs. second half of
he years between 1994 and 2015) were analysed with the Chi
quare test. A P < 0.05 indicated statistical significance.

. Results and discussion

.1.1. Literature search

A sum of 147 published articles, case reports or letters [11–157],
escribing altogether 169 cases relevant for this review were found.
hree of these were excluded: a newborn child with multiple mal-
ormations, who developed a subdural spinal haematoma after

 lumbar epidural catheter [155], and two patients where the
ause of the haematoma was uncertain [156,157]. Thus, 166 case
eports from 25 countries were analysed. Sixtyfour cases came from
urope, 53 from North America, 4 from South America (Brazil), 39
rom Asia and 6 from Australia. There was a minor overlap (8 cases
11,12,14,16(2),17,18,21]) between this review and that of Wulf [5].

.1.2. Demographics
Of the 166 reports, there were 109 female cases, of which 14
ases were obstetric. Among the non-obstetric cases, there were 95
63%) women, with a median age of 72 years, and 57 men, median
ge 66.
Fig. 1. Risk factors per case, obtainable from each report. Risk factor = complicated
block (bloody tap), spinal or haemostatic disorder, or anti-haemostatic medication
in  the perioperative period.

3.2. Neuraxial blocks

3.2.1. Conventional blocks (Table 1)
Spinal block (41): 37 single shots (of which two were attempted

epidurals, converted to SPA [20,121] and 4 continuous blocks, of
which one haematoma (25%) appeared after catheter removal.

Epidural block (101): 49 lumbar (12 single shots), 46 thoracic (all
continuous), and 6 cervical locations (5 single shots, one of which
also received a lumbar single shot [139]; the haematoma had a
cervical location, 1 continuous). Thus, 17 EDA were single shots, and
84 were continuous. Of these latter, 55 haematomas (65%) appeared
after catheter removal.

Combined spinal and epidural block (14): Nine of these (64%)
appeared after catheter removal.

Additionally, 6 abandoned/failed procedures (4 SPA, 1 EDA, 1 CSE)
were converted to general anaesthesia because of difficulties in
performing the blocks.

3.2.2. Spinal cord stimulators
There were four percutaneous implantations of spinal cord stim-

ulators (SCS), one thoracic, two  thoraco-lumbar, and one lumbar,
causing SH. Two of these appeared after removal of SCS trial leads.

3.3. Risk factors (Fig. 1)

Recognised risk factors are of three main categories: those
related to the patient’s health problems, those related to the CNB
procedure (multiple attempts and “bloody tap”), and those related
to drugs taken by the patient close to the procedure. There were
0–4 risk factors reported in each case, and the distribution of risk
factors per case is shown in Fig. 1. In 24 cases, no risk factor was
described; 18 of these specifically stated that no risk factor was
present. Twelve patients were described to have all three kinds of
risk factors. Details of the various kinds of risk factors are shown in
Tables 2–4.

3.3.1. Patient-related risk factors (Table 2)
Most common patient related risk factors were various forms of

spinal disorders (37 cases), with spinal stenosis (14 cases) as the most
common diagnosis, followed by perioperative thrombocytopaenia
(platelet count <150 × 109/L, 13 cases). However, in only 7 cases,
two cardiovascular [28,119] and three obstetric [46,116,120], one
patient with a postoperative idiopathic thrombocytopaenic pur-
pura [111], and one patient with ileus [117], were platelet counts
below 80 × 109/L, which has been suggested as the limit value for

safe spinal or epidural anaesthesia [158], reported. Renal insuffi-
ciency was reported in 10 cases, in 9 of those together with other
risk factors: 3 cases with unfractionated heparin (UFH) + Dextran,
5 cases with LMWH  (3 enoxaparin, 2 dalteparin) + additional drugs
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Table  1
Type of “conventional” CNB (there were also 4 SCSs not accounted for here).

Final block Successful Failed, intended block

Lumbar Thoracic Cervical Total Single shot Continuous

Spinal 41a 41 37 4 4
Epidural 49 46 6b 101 17 84 1
Combined 14c 14 14 1
Total  104 46 6 156 54 102 6

a In two cases, one because of bloody tap and one because of dural puncture, an attemp
b In one case, a lumbar epidural block (single shot) was placed at the same time (steroi
c In one case, an attempted EDA resulted in bloody tap, followed by a dural puncture a

Table 2
Patient related risk factors.

Disorder No. of cases

Spinal stenosis 14
Spinal tumour 6
Ankylosing spondylitis 4
Osteoporosis 4
Herniated disc 2
Scoliosis 2
Spondylosis 2
Spina bifida occulta 1
Dural AV-fistula 1
Spinal AVM 1

Spinal disease (total) 37
Thrombocytopaeniaa 13b

Renal insufficiency 10
INR ≥1.5 6c

Liver disease 4

a Platelet count <150 × 109/L.
b Including two obstetric cases, one with HELLP (haemolysis, elevated liver

enzymes, and low platelets), and one with eclampsia, and one patient with idiopathic
t
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hrombocytopaenic purpura, discovered postlaminectomy.
c In one case without anti-vitamin K treatment.

2 clopidogrel, one warfarin, one aspirin, and one ketorolac), and
ne case with ketorolac + spinal stenosis.

.3.2. Risk factors related to the CNB-procedure (Table 3)
Obviously, SCS is a risk factor per se, since it is performed with

arge bore needles (14 G), and stiff, traumatic electrodes [159].
hese are therefore accounted for in Section 3.4.1.1. Only “conven-
ional” CNBs are accounted for in this section.

Procedure-related complications (multiple attempts and/or
loody tap) were reported in 51 patients (36%), with a much higher

ncidence (60%) during SPA than the other forms of CNB.
Multiple attempts were reported in 30% of CNBs, which is some-

hat less than reported in a prospective study of 595 spinal and
pidural anaesthetics (without neurological sequelae), with 36%
ultiple attempts [160]. In the epidural group in the present
eview, multiple attempts were reported in 19% of the cases, the
ame magnitude as reported by Pöpping et al. in a retrospective
eview of more than 14,000 epidurals (19%) [100]. Thus, among the
resent cases, multiple attempts were not more common than in

able 3
omplicated blocks by type of complication and type of block (abandoned blocks include
SF  or blood from an intraspinal catheter or needle. CSE = combined spinal/epidural anae

Intended block Spinal
n = 40a

Multiple attempts only 18 (45) 

Bloody tap only 2 (5) 

Both  4 (10) 

No.  of cases with complicated block 24 (60) 

Total  no. of cases with multiple attempts 22 (55) 

Total  no. of cases with bloody tap 6 (15) 

a n indicates informative reports (missing data = 19). Numbers within brackets denote 
ted EDA was converted to a SPA (successfully).
d injections); the haematoma was cervico-thoracic.
t a different level, and was thereafter converted to a CSE (successfully).

everyday clinical practise, and cannot be designated as an obvious
risk factor for developing spinal haematoma. This seems logi-
cal, since most failed attempts depend on inability to enter the
intraspinal space because the needle is hampered by bony struc-
tures. In such cases, a vessel trauma would occur outside of the
spinal canal and may  at the most cause a soft tissue haematoma.

Bloody taps were reported in 15% during SPA, 6.7% during EDA,
and 15% during CSE, 9.8% overall. Horlocker et al. [161] reported
3.3% bloody taps in a retrospective review of 4767 spinal anaes-
thetics. Pöpping et al. [100] reported 2.1% bloody taps during EDA.
The substantially higher percentage of BT in the present study indi-
cates that bloody tap is a major risk factor for developing spinal
haematoma.

3.3.2.1. Catheter placement or removal causing the SH?. Continuous
CNBs were used in 102 patients (Table 1). In 32 cases, symptoms
and signs from the SH started while the catheter remained in situ,
in 2 of these directly after manipulation of the catheters. In 65
cases, symptoms started after removal of the catheter. Five reports
were inconclusive. In 25 of the 65 cases (38%) it is likely that the
haematoma was  caused by the removal; in 15 of these 25 (60%), the
patient was treated with a thromboprophylactic drug.

3.3.3. Drug-related risk factors (Table 4)
These were the most common risk factors in the present

(Table 4) as well as in previous reviews [3–5]. Intake of anti-
haemostatic drugs was reported in 105 cases (66%, 6 reports were
indeterminable). In 47 of the cases, more than one antihaemostatic
drug was  implicated; in 12 cases even three such drugs.

3.3.3.1. Heparins. Unfractionated heparin (UFH) and low molec-
ular weight heparin (LMWH) are recognised risk factors for SH
after a CNB. Eighty-three patients, 56 women and 27 men received
these, in six cases (5 men, 1 woman) both drugs. The prevalence of
heparins in non-obstetric cases was  59% among women, and 47%
among men.

Among the 143 peri-operative cases, postoperative throm-

boprophylaxis was generally achieved with LMWH  (50 cases),
followed by UFH (27 cases), while 10 patients received other forms:
warfarin (2), rivaroxaban (2), active stockings (2), platelet inhibitors
(2), fondaparinux (1), and dabigatran (1). In 56 cases, there was  no

d). Multiple attempts = more than one skin penetration, bloody tap = sanguineous
sthesia.

Epidural
n = 89a

CSE
n = 14a

Total
n = 143a

16 (18) 3 (23) 37 (26)
5 (5.6) 1 (7.7) 8 (5.6)
1 (1.1) 1 (7.7) 6 (4.2)
22 (25) 5 (38) 51 (36)
17 (19) 4 (31) 43 (30)
6 (6.7) 2 (15) 14 (9.8)

percentage of all informative cases. Spinal cord stimulators not included.
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Table 4
Drug classes reported, in order of frequency. Missing data = 6.

No. of cases (percentage)

Low molecular weight heparin 50 (31)
Unfractionated heparin 39 (24)
Acetylsalicylic acid 25 (16)
Vitamin-K antagonists 17 (11)
Non-steroidal anti-inflammatory drugs 17 (11)
Dextran 6 (3.8)
Fibrinolytics 4 (2.5)
ADP receptor inhibitors 4 (2.5)
Phosphodiesterase inhibitor (dipyridamole) 2 (1.3)
Direct fXa inhibitor (rivaroxaban) 2 (1.3)
Direct thrombin inhibitor (dabigatran) 1 (0.6)
Fondaparinux 1 (0.6)
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Selective serotonin receptor inhibitor 1 (0.6)

entioning of thromboprophylaxis, but in at least 25 of these there
as a strong indication for it according to international guidelines

162]. In several of these cases, a “bloody tap”, or early signs of
n SH, may  have prevented the initiation of Tpx. In a majority of
ases though, the lack of mentioning probably reflects unreported
or substandard) treatment.

.3.3.2. Vitamin-K antagonists. Vitamin-K antagonists (VKA,
ainly warfarin) were reported in 17 cases (11%). In one patient,

n 85-year old woman whose epidural catheter was removed
uring on-going VKA treatment for thromboprophylaxis at an INR
f 6.3 [40], this drug was the obvious cause of the haematoma.
n the other cases, INR or the PT-time was only slightly elevated.
n 13 cases, the VKA treatment had been interrupted for 2–14
ays, INR was <1.5, except for 1.84 in one case [42]. Other drugs,
ainly LMWH or UFH, in one case even acetylsalicylic acid,
ay  as well have contributed, in combination with VKA, to the

aematoma.

.3.3.3. New anticoagulants. Among the “new” drugs, fondaparinux
as implicated in one case [144], dabigatran in one case [135] and

ivaroxaban in two cases [146,152]. In the case of fondaparinux,
he drug was given postoperatively together with low dose war-
arin because of pulmonary embolism; both drugs were given after
emoval of an epidural catheter, and the treatment continued until
2 days later, when neurologic symptoms started; INR was  1.51 at
hat time [144]. In the case of dabigatran, the patient had chronic

edication because of atrial fibrillation. Dabigatran was  discon-
inued for seven days before an epidural steroid injection, and
estarted 24 h thereafter, which complies with guidelines [159].
ymptoms started after another 24 h. In one of the cases with
ivaroxaban [146], the patient received both warfarin and enoxa-
arin postoperatively after knee arthroplasty (POD 0–3), but was
witched to rivaroxaban on POD 4. Neurologic symptoms started at
ome 2 days later. At hospital arrival, INR was 0.9. In the other case
152], Tpx with rivaroxaban was started on the night after a knee
rthroplasty, with an epidural catheter in place. This was  removed
8 h later, whereupon the next dose of rivaroxaban was  given after

 h. Twelve hours later, the patient developed signs of an SH. In this
ase, rivaroxaban did undoubtedly contribute to the SH, in the other
hree cases [135,144,146] it may  be argued that other drugs may
ave contributed as well. Furthermore, two cases implicating fon-
aparinux have been briefly reported in a large survey from Finland
163].
.3.3.4. Fibrinolytic drugs. Fibrinolytics were given intraoperatively
o four patients (1 alteplase [75] and 3 urokinase [26,28,38]), one
ndergoing aortic valve replacement (alteplase), and three vascular
al of Pain 15 (2017) 118–129

surgery. All of them also received UFH, in one case together with
LMWH.

3.3.3.5. Antiplatelet drugs. Acetylsalicylic acid drugs (ASA) were
reported in 25 cases (16%), in 5 of these the only drug impli-
cated, and non-steroidal anti-inflammatory drugs (NSAID) in 17 cases
(11%). NSAIDs are probably underreported, in Sweden approxi-
mately 20% of all inhabitants over 40 y of age were prescribed
NSAIDs in 2005 (the median year of the study period) [164]. This is
especially so among the orthopaedic cases, where NSAID therapy is
basic due to its analgesic and anti-inflammatory properties; how-
ever, intake of NSAID was reported in only 5/48 orthopaedic cases
(10%). The reason for not reporting NSAIDs may be that these are
relatively weak inhibitors, and therefore not considered risk factors
[165,166].

Clopidogrel was reported in 4 cases, but there was no case report
implicating any of the newer antiplatelets, such as prasugrel and
ticagrelor, or the more potent platelet inhibitors such as GP IIb/IIIa-
blockers.

3.4. Types of surgery or procedure

Treatment of chronic pain with EDA caused 21 haematomas, 17
(5 cervical, 4 thoracic, and 8 lumbar) after steroid injections, and 4
after percutaneous applications of spinal cord stimulators (SCS).

Treatment of labour pain caused 3 haematomas (all EDA).
Treatment of acute perioperative pain caused the remaining 142

haematomas. The following surgical specialties were represented
(number of cases in parenthesis):

• Orthopaedics (48)
• General surgery (32)
• Vascular surgery (26)
• Thoracic surgery (12)
• Obstetrics (c-section) (11)
• Urology (11)
• Gynaecology (2)

3.4.1. Procedures of special interest
3.4.1.1. Chronic pain treatment. Of special interest are implanta-
tions of spinal cord stimulator trials (SCS). There were three articles
[131,138,142] reporting four cases of spinal epidural haematomas
after SCS, the first one published 2012. In 2015, an international
task force of several pain societies published the first guidelines
for interventional spinal and pain procedures [159]. In these, SCS is
designated as a high-risk procedure, as compared to conventional
epidural placement, which is classified as intermediate risk. The
reason for the higher risk classification of SCS is because it is more
traumatic, with large bore needles (often two 14 G needles) and
stiff styletted leads. Such an increased risk is confirmed in a large
cohort of patients undergoing stimulator implantations, either per-
cutaneously or surgically via laminectomy [167]. The incidence
of spinal haematoma after percutaneous implantation was 0.75%
[167], which is approximately 150 times higher than after conven-
tional epidural anaesthesia. It has been speculated that the surgical
approach would be safer, since damaged vessels are visualised, as
opposed to the blind, percutaneous technique. However, the inci-
dence of SH after open implantations was 0.63%, not significantly
different from the percutaneous approach [167]. Also, in a report of
154 patients undergoing surgical implantations, performed by one
surgeon, there were 4 spinal epidural haematomas (2.6%) [168].
3.4.1.2. Orthopaedic surgery. This was the specialty with the high-
est frequency, 34% of all surgical cases. In the Swedish registry,
orthopaedic surgery represents only around 20% of all major oper-
ations [164]. However, this may  not indicate that orthopaedic
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urgery per se is a specific risk factor, since CNBs are employed
ore often for orthopaedic surgery than in most other special-

ies. Knee arthroplasty was the single most common type of surgery
eported, with 14% of all surgical cases, and 43% of all orthopaedic
ases. This operation was obviously overrepresented; only 1.5% of
ll operations and 7.1% of all orthopaedic operations performed in
weden between 1998 and 2015 were knee arthroplasty [164]. In
he US the corresponding figures were 2.5% and 12.9% respectively,
n 2010 [169] (the difference may  be explained by an almost 20%
igher average BW in the US [170]). Hip arthroplasty represented
3.1% of orthopaedic surgery, and 2.7% of all surgery in Sweden
164] but there were only five patients (3.6% of all surgical cases)
ndergoing this operation among the case reports of SH. It is also
otable that 80% of knee arthroplasty patients in the present review
ere women. In the Swedish surgical database, 62% of the patients
ndergoing knee arthroplasty were women [164]. In the US, the
orresponding figure was 63% in 2006 [171]. Thus, the present
eview indicates that elderly women having a knee arthroplasty
nder CNB have a relatively high risk of developing an SH. This
grees with the results of Moen et al. [1], who found women under-
oing this operation under epidural anaesthesia to be the subgroup
ith the highest incidence of spinal haematoma, 1/3600 compared
ith 1/18,000 in the entire population of patients having epidural

naesthesia [1].
The reason for the high incidence of SH among patients undergo-

ng knee arthroplasty, not seen during hip arthroplasty, is unclear.
heoretically, a fibrinolytic effect of the tourniquet often used dur-
ng knee arthroplasty [172] might have contributed. However, no
igns of increased bleeding tendency in terms of postoperative
lood loss have been demonstrated in any of several meta-
nalysis comparing tourniquet vs. non-tourniquet operations (e.g.
173,174]). More patients received UFH or LMWH  after knee arthro-
lasty (74%) than after any other form of surgery. Many orthopaedic
atients with osteoarthritis are treated with NSAIDs, and the com-
ination of heparin and NSAID was pointed out by Heller and Litz
175] as a possible explanation to the high incidence of post-CNB
H in orthopaedic patients. Of the 142 surgical cases in the present
eview, this combination was reported in 8 cases, and five of these
ere orthopaedic patients (one knee arthroscopy, one hip arthro-
lasty, three knee arthroplasties). But, as pointed out above, NSAIDs
re probably underreported, not least in orthopaedics.

Of the 116 cases with epidural anaesthesia (including CSE), 16
13.8%) were because of knee arthroplasty. In Wulf’s review, with
1 epidurals, only two (3.9%) were for knee arthroplasty [5]. This
ifference between the present findings and those of Wulf [5] is
ost certainly explained by a much higher rate of knee arthro-

lasty in recent years. In Sweden, this operation was  introduced in
he mid-seventies, i.e. occurred only in the second half of Wulf’s
tudy period, and its incidence was increased from a few cases in
975 to 2800 in 1994, and was further increased to 14,100 in 2015
164,176].

.4.1.3. Vascular surgery. Eighteen per cent of all post-CNB SHs
ccurred after vascular surgery, a specialty that represents only
.6% of all operations performed in Sweden [164]. In common with
rthopaedic surgery however, the frequency of operations per-
ormed under CNB is relatively high in vascular surgery. Operations
ypically suited for CNB (aortic and infrainguinal vascular surgery,
nd varicose vein surgery) amounted to more than 60% of all vas-
ular surgery in Sweden [164], but this can only partly explain
he high number of vascular cases in the present review of spinal
aematoma after CNB. The reason for this is most certainly related

o laboratory findings and/or perioperative drugs: in nine cases, lab
ata indicated altered haemostatic function, 12 patients were pre-
cribed one or more drugs with antihaemostatic effect, in all but
our cases of vascular surgery the patients were reported to receive
al of Pain 15 (2017) 118–129 123

UFH intraoperatively, in 4 cases together with dextran and in 3
cases with fibrinolytic drugs (urokinase or alteplase). Six patients
received perioperative LMWH  as well.

Also with respect to vascular surgery the findings correlate well
to those of Moen et al. [1], who reported 8 cases related to vascular
surgery or 26% of all surgical cases with SH in their study.

3.4.1.4. Gynaecology was not associated with a high risk of SH.
A surprising finding is that, despite the high incidence of SH
among female patients, gynaecology was  only represented in two
case reports. One was an 87-year old woman  undergoing “minor
surgery” under spinal anaesthesia [70], and one was a 67-year old
woman undergoing vaginal hysterectomy, who received UFH intra-
operatively, and also close to the removal of her epidural catheter
[60]. There were 14 obstetric cases, 11 caesarean sections and 3
vaginal deliveries.

3.5. Limitations and strength of the present study

At its best, evidence based practice and guidelines are based on
meta-analyses on a large number of randomised controlled trials
(RCTs). But, as pointed out in an editorial in Regional Anaesthe-
sia and Pain Medicine [10] “many important questions cannot be
answered using a randomised controlled clinical trial”. Although
not mentioned in the editorial, post-CNB spinal haematoma,
because of its rarity, may  be one of the most obvious examples of
such questions. Apart from pharmacological aspects of drugs that
are included, and a few epidemiological studies (e.g. [1,163,177]),
existing guidelines are based on compilations of case reports like
those from the 1990s [3–5], which are still frequently cited. As with
most studies, a review of case reports has its shortcomings. The
most important one may  be that there is no denominator for cal-
culation of over-all incidences, and it is impossible to tell whether
included reports are representative of all cases of post-CNB SH. On
the other hand, any biases would even out the more cases that are
included. This one is by far the biggest sample of case reports on
post-CNB spinal haematomas ever published. There is no reason to
believe that the results of the present review would be systemat-
ically biased towards one or the other direction. In fact, many of
the findings in the present study are corroborated by epidemio-
logical studies, such as those by Moen et al. [1] and Pitkänen et al.
[163]. Obvious examples are the clear overrepresentation of female
patients (Section 3.6.2), and knee arthroplasties, which are almost
exactly consistent with the results from those studies [1,163]. The
present study includes 166 cases. With a rough incidence of post-
CNB SH between 1/50,000 [1] and 1/100,000 [163], this number of
cases in an epidemiological investigation would have to be based on
somewhere between 8.5 and 17 million neuraxial blocks. Further-
more, the present cases are collected globally, from 25 countries
representing all continents except for Africa. An epidemiological
study of that width and size seems difficult, if not impossible, to
carry out. So, it could even be argued that the advantages with a
review like the present one outweigh the drawbacks, but never-
theless, the results should be interpreted with caution. This is also
because of underreporting. As mentioned above, there is reason to
believe that intake of, above all, ASA and NSAIDs is markedly under-
reported. Also the postoperative administration of LMWH  seems
to be underreported. Thus, these drugs, especially in combination,
may  cause an even greater risk than can be implicated from the
present study.

Finally, Sweden was  chosen as reference country for com-
parisons with nation-wide frequencies of operations and drug

prescription over time, because of its reliable, easily accessible, and
updated databases [164,176], enabling calculation of subgroup fre-
quencies. Sweden has a population of 10 million people and a highly
qualified health care; still it can only be assumed that Sweden is
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ig. 2. Age distribution in the present study (1996–2015, light shaded bars) compare
right  panel, only non-obstetric cases). Note the transition to female dominance aft

epresentative of all countries of origin of the case reports. On the
ther hand, there is no reason to believe that similar trends with
espect to surgical panorama and drug prescription do not exist in
hose countries.

.6. Comparison of the 1994–2015 results with those of previous
eviews

.6.1. Increasing numbers of spinal haematomas after CNB
ublished as case reports

An annual average of 7.5 published cases of SH in the years
994–2015 was  identified. During the 18 preceding years, from
976 to 1993, an average of only 2.5 case reports were published
er year [4]. Of the 166 reports, 82 were published during the first
art of the observation period (1994–2004), and 84 were published
uring the second part (2005–2015). Thus, the annual number
f published case reports from 1994 to 2015 was trebled when
ompared to the previous two decades, and thereafter kept on a rel-
tively steady level. Whether this reflects an increased utilisation
f CNB, or indicates an increased incidence of post-CNB SH, or both,
r whether it depends on publication bias cannot be firmly estab-
ished by the present review. However, it seems unlikely that such

 marked increase in reports would not mirror an actual increase
n the incidence of post-CNB SH globally since the mid-nineties.
n that case, the main reason would most probably be related to
n increase in prescription and administration of anti-haemostatic
rugs (Section 3.7.2).

.6.2. Increasing numbers of spinal haematomas in elderly
omen

The present data clearly indicate that SH has become more com-
on  among women, and especially elderly women, during the last

0 years. In Wulf’s review [5], there were 23 male and 16 female
ases, apart for 4 obstetric cases (8 missing data), median age 68
ears in both groups. Fig. 2 shows the distribution of age and gender
f non-obstetric cases in this review, (ranging from 1996 to 2015),
ompared with the corresponding figures from Wulf’s study [5]
1952–1995). This clearly shows the transition from male to female
ominance among the cases (from 41% to 63% women), especially
mong elderly (≥60 years).

In accordance with Wulf [5], Schmidt and Nolte [3] reported

nly 9 women (31%) in their material of 29 cases, with a mean age
f 62.6 years. Also, as little as 36% of more than 600 cases of mostly
pontaneous spinal haematomas occurring between 1826 and 1996
ere women [180].
 Wulf’s study (1952–1995, dark shaded bars) [5] among men (left panel) and women
5. Missing data from the period 1952–1995 = 5, from the period 1996–2015 = 2.

Two later studies on post-CNB spinal haematoma report gender
and age ratios similar to the ones in the present review. Moen et al.
[1] report 22 women  among their 31 non-obstetric cases (71%). Of
those, 18 (82%) were 70 years or older. Furthermore, they report an
increase of cases during the second half of the 90s, when LMWH  had
been established for postoperative thromboprophylaxis in Sweden,
24 cases vs. 9 cases during the first half [1]. Pitkänen et al. [163]
reported 9 women  (69%) among 13 cases with post-CNB SH dur-
ing 2000–2009 in Finland. Eight of these women  were ≥70, and all
those received LMWH.  Only three of the patients in Wulf’s review
(up and to 1995) received LMWH  [5]. The “standard” dosage of
LMWH  does not respect weight, gender, or age. Two  studies indi-
cate that the pharmacokinetics of UFH [178] and LMWH  [179] (in
weight-adjusted dosage) are different in women and men, leading
to increased sensitivity to these drugs in women compared with
men. An increased prescription of LMWH,  together with a higher
susceptibility for heparin effects, may  be one explanation to the
higher prevalence of heparins among women  than men, and also
to the striking increase of post CNB spinal haematoma in elderly
women after 1995 (Fig. 2).

3.7. Changes during the period 1994–2015

3.7.1. Effects of guidelines for reducing risks of spinal haematoma
In order to reduce the incidence of spinal haematoma in patients

with increased risk, several national and international working
groups have issued guidelines for safe administration of neurax-
ial anaesthesia. These guidelines define what should be safe time
intervals from the last administration of an antihaemostatic drug to
the CNB procedure and from a CNB procedure to the next adminis-
tration of such a drug. The pharmacodynamic and pharmacokinetic
properties of the drugs, the elimination rate in particular, deter-
mine these “safe” intervals [6–9,159,185].

The first guidelines published in an international journal were
issued in United States 1997 [6], and these were followed by sev-
eral national guidelines issued around the turn of the century, e.g.:
Norway 1994, Europe 1998, Sweden and Belgium 2000, Germany
and The Netherlands 2003, Austria 2005. Considering a delay of at
least a couple of years from the occurrence of a case until its publi-
cation, it is reasonable to assume that most cases published during
the first part of the observation period (i.e. 1994–2004) occurred
before guidelines were published, whereas most cases from 2005

to 2015 occurred after such guidelines had become well known.

During the period 1994–2004 in about 30% of the published case
reports, the clinicians did not comply with guidelines, compared
with only 7.5% in the period 2005–2015 (P < 0.001, Fig. 3). Also, cases
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ig. 3. Annual number of published case reports, comparing the period 1994–2004

re better described with respect to compliance with guidelines: in
he first period possible compliance could not be determined in
5% of the cases, in the second part only 2.4% (2 cases). For obvi-
us reasons, these differences between periods are simply because
uidelines were not yet issued when the case occurred in most of
he cases from the first period. However, despite the better com-
liance, the total number of case reports published yearly has not
ecreased. In several cases of SH occurring despite compliance with
uidelines, the reason was apparently the combination of multiple
auses, e.g. renal insufficiency and drugs dependent on renal func-
ion, such as LMWH.  It must also be pointed out, that in 24 patients
15%), no risk factor was  reported. Thus, although guidelines are a
afeguard to minimise the risk of SH, they are no guarantee for it
ot to happen.

.7.2. The clinical scenarios change rapidly and guidelines may
ecome outdated

The clinical scenarios around surgical patients become more and
ore complicated. More elderly undergo surgery; the number of

atients ≥80 years undergoing major surgery in Sweden increased
y 30% between 1998 (earliest year recorded) and 2015, and even
y 40% among those ≥85 years [164]. At the same time, new potent
ntihaemostatic drugs are continuously introduced, and they are
rescribed to an increasing number of patients, especially among
lderly. Thus, the number of Swedes aged ≥80 years, who  are taking
ral anticoagulant drugs almost trebled between 1994 and 2015,
rom 24% to 71% in men, and from 20% to 57% among women  [164].

Of special interest are the novel (or non-AVK) oral anticoagu-
ants, (NOACs).1 These are of two pharmacological classes, thrombin
nhibitors, e.g. dabigatran, and factor Xa inhibitors,  e.g. rivaroxaban,
pixaban, and edoxaban. They are mainly prescribed for atrial fibril-
ation, and have to some extent replaced warfarin, but are also
icensed for postoperative thromboprophylaxis after hip or knee
rthroplasties (as alternatives to LMWH). There were three cases of
ost-CNB SH reported in patients treated with NOACs, in two cases
ivaroxaban was implicated, and in one case dabigatran (see Section
.3.3.3). In the period 2011–2015 NOACs were prescribed to around
0% (17–22% yearly) of the patients for Tpx after knee arthroplasty

n Sweden [176]. Over all, NOACs have gained widespread popu-
arity; after the release of the first NOAC (dabigatran) in Sweden

n 2008 the total prescription of NOACs has gradually increased to
.97% among the entire population in 2015; among elderly (≥80
.o.) the corresponding figure is 5.8% [164]. At the same time, the

1 Another acronym for these is DOAC (Direct acting Oral Anti-Coagulants).
2/84  (2.4%)     

05–2015 with regard to adherence to guidelines. See text for further explanation.

prescription of warfarin has also increased, from 1.7% of the popu-
lation in 2008 to 1.9% in 2015, and from 11% to 16% among elderly.
Thus, the total prescription of oral anticoagulants (AVK and NOAC)
in Sweden has increased by 75% from 2008 to 2015. Among elderly
(≥80 y.o.) the corresponding figure is 107%. With respect to platelet
inhibitors in this age group, the prescription of ASA has decreased
by 20%, while the prescription of the more potent ADP-receptor
inhibitors (mainly clopidogrel) has increased by 86% (from 2.9% to
5.5%) between 2008 and 2015.

These data suggest that surgical patients with an elevated risk
of bleeding have continuously increased in number during the last
decades. Recent meta-analyses document that CNBs reduce major
cardio-respiratory complications and postoperative morbidity and
mortality, either alone [181,182], or in combination with general
anaesthesia, for postoperative pain relief [183], and reduce the need
for postoperative intensive care [184], when compared to general
anaesthesia alone. Despite the risk of spinal haematomas, the over-
all cost-benefit is therefore overwhelmingly favourable for spinal,
epidural, and combined spinal–epidural analgesia techniques, pro-
vided that the medical teams make thorough risk/benefit analysis
in every individual case with elevated bleeding risk. The Nordic
guidelines [8,185] attempt to give clinicians advice in this delicate
balance.

The pharmacokinetic properties of drugs are often based on
studies on young, healthy men, but may differ markedly in elderly
patients in the perioperative period, making it difficult to deter-
mine the safe interval in individual cases. These patients, often
with chronic medication with anti-haemostatic drugs, and, in addi-
tion, requiring postoperative thromboprophylaxis, are generally
those who  benefit most from a CNB [8,185]. The rapidly chang-
ing clinical scenarios with respect to new drugs, elderly patients,
major surgery, and rapid postoperative rehabilitation programmes,
require frequent updating of existing guidelines.

Most guidelines are now updated with recommendations for
the perioperative management of NOACs and the new platelet
inhibitors. The recommendation for NOACs is generally 2 days’
discontinuation before CNB and catheter manipulations, with an
extended interval with dabigatran in patients with renal impair-
ment, and 5–7 days for ADP-receptor blockers. However, the latest
ASRA/ESRA guidelines recommend longer intervals in high risk pro-
cedures (see Section 3.4.1.1) [159].
4. Conclusions

• There has been a transition from a male to a female dominance
among patients suffering from a post-CNB spinal haematoma, in
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particular among elderly women, and even more so in elderly
women undergoing knee replacement.
The annual number of published case reports of post-CNB spinal
haematoma has increased by a 3-fold after 1994, and has been
kept on a steady level up until 2015.
Guidelines issued around the turn of the century have not been
followed by a reduced number of published case reports, although
adherence to the guidelines has increased during the last decade
(2005–2015). The complex and rapidly changing clinical sce-
narios, especially introductions of new antihaemostatic drugs,
require frequent updates of such guidelines.
Heparins (UFH and LMWH)  are major risk factors for developing
SH. This is even more apparent in patients with renal impairment,
which may  be one of several reasons for the high number of cases
occurring despite strict adherence to the guidelines.
“Bloody tap” at the introduction of a neuraxial needle or catheter
is a major risk factor, but multiple attempts to reach the spinal
canal do not seem to increase the risk of an SH.

. Implications

This review demonstrates that spinal haematoma caused by
euraxial block is still a clinical problem worldwide, especially in
lderly women, despite guidelines issued in order to prevent this
omplication in several countries during the last 20 years. At the
ame time, neuraxial anaesthesia reduces postoperative morbid-
ty and mortality, as well as the need for postoperative intensive
are, when compared to general anaesthesia alone. The overall
ost-benefit is therefore favourable for these techniques, provided
hat clinicians make careful risk/benefit analyses in every individ-
al case, and follow updated guidelines on optimal management of
euraxial blocks.
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