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 i g  h  l  i  g  h  t  s

166  case  reports  of spinal  haematoma  (SH)  after neuraxial  block  (CNB)  are  analysed.
Most  often,  the signs  of  a SH started  within  72  h, though  in  some  cases  after  weeks.
Surgical  evacuation  of  the  SH  is best  option  in  most  cases  with  neurological  deficits.
A  conservative  approach  can  be  employed  in  cases  with  mild  or receding  symptoms.
Best  results  are  seen  in  patients  surgically  evacuated  within  12  hours
Complete  recoveries  occurred  in  many  cases  operated  after  more  than 24  hours.
The  prognosis  after  surgical  evacuation  of  subdural  SH  was  worse  than after  epidural  SH.
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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,  neurological  injury
associated  with  SH  has  the worst  prognosis.  Around  the  turn of  the  millennium,  the  first  guidelines  aiming
to  reduce  the  risk of this  complication  were published.  These  guidelines  are  based  on  known  risk  factors
for  SH,  rather  than evidence  from  randomized,  controlled  trials  (RCTs).  RCTs,  and  hence  meta-analysis
of  RCTs,  are  not  appropriate  for  identifying  rare  events.  Analysing  data  from  a significant  number  of
published  case  reports  of  rare complications  may  reveal  risk  factors  and  patterns  undetectable  in  reports
on occasional  cases,  and  can  thereby  help  to improve  management  of  CNBs.  The aims  of the  present
review  were  to  analyse  case  reports  of SH after CNBs  published  between  1994  and  2015  with  regard  to
diagnosis,  treatment,  and  outcome  of SH  after  CNB.
Methods: MEDLINE  and  EMBASE  were  utilized  to  find  case reports  published  in  English,  German,  or
Scandinavian  languages  between  1994  and  end of  2015,  using  appropriate  search  terms.  Reference  lists
were  also  scrutinized  for case  reports.  We  documented  initial  and  worst  symptoms  and  signs of  SH,
diagnostic  methods,  treatment,  and  outcome  of  the  SH.  We  calculated  occurrences  in  per  cent  using the
number  of  informative  reports  as  denominator.
Results:  One  hundred  and  sixty-six  case  reports  on  spinal  hematomas  after  CNB  published  during  the
years  between  1994  and  2015  were  identified.  Eighty  per  cent  of  the  patients  had  severe  neurologi-

cal  symptoms  (paresis  or paralysis).  When  compared  over time,  outcomes  have  improved  significantly.

Among  patients  subjected  to  surgical  evacuation  of  the  hematoma,  outcomes  were  best  if  surgery  was
performed  within  12  hours  from  the  first  sign  of  motor  dysfunction.  However,  even  patients  operated  after
more than  24  hours  had relatively  favourable  outcomes.  Whereas  the  outcomes  after  surgical  evacuation
of the  epidural  haematomas  were  quite  satisfactory,  only  one  of  the  operations  for  subdural  haematoma
(SSDH)  resulted  in a favourable  outcome.
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Conclusions  and  implications:  Suspicion  of  a spinal  hematoma  calls  for  the  consultation  of  an
orthopaedic  or neurological  surgeon  without  delay.  MRI is  the  recommended  diagnostic  tool.  Surgical
evacuation  within  12 h  from  the  first  sign  of motor  dysfunction  seems  to  lead to  the  best  outcome,  although
many patients  operated  as  late  as after  more  than 24  hours  did  regain  full  motor  function.  Despite  the  poor
prognosis  after  surgical  evacuation  of  SSDH,  the  outcomes  after  post-CNB  spinal  haematoma  in  general
have improved  significantly  over  time.

©  2017  Scandinavian  Association  for the  Study  of Pain.  Published  by  Elsevier  B.V.  All  rights  reserved.
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. Introduction

Spinal haematoma (SH) is a rare but serious complication to cen-
ral neuraxial block (CNB). Of all serious complications to epidural
EDA), spinal (SPA), or combined spinal/epidural (CSE) anaesthe-
ia, neurological injury associated with SH has the highest risk of
ermanent disability. Around the turn of the millennium, the first
uidelines aiming to reduce the risk of this complication were pub-
ished [1,2]. These guidelines are based on known risk factors for
H, antihaemostatic drugs in particular, rather than evidence from
andomized, controlled trials (RCTs) since these, and hence meta-
nalysis of RCTs, are not appropriate for identifying rare events
3]. Analysing data from a significant number of published case
eports of rare complications may  reveal risk factors and patterns
ot detectable in occasional reports [3], and can thereby help to

mprove management of CNBs. Current guidelines are often based
n case report reviews published over 20 years ago [4–6]. The aim of
he present review was to collect data from case reports on SH after
NBs published between 1994 and 2015 with respect to diagnosis,
reatment, and outcome of patients suffering an SH after CNB for
nalysis and comparison with data from previous reviews [4–6].
omparisons were also made between the first half (1994-2004)
nd the second half of the study period.

2.1. Severity of spinal haematoma

The severity of the initial and most serious symptoms and signs
from the spinal haematoma was  indicated by a four-graded scale
according to Domenicucci et al [8]:

grade I: symptoms and signs were only somato-sensory (back
pain, localized or radiating, paraesthesia, decreased sensibility)
and/or sphincter deficits,

grade II: paresis,
grade III: paralysis (complete motor deficits).
Grade 0 indicates that none of the above symptoms or signs was

present.

2.2. Grading of outcome of patients with SH after CNB

The outcome in patients with motor deficits was  graded in four
classes:

• complete recovery indicates that the motor function returned to
the same level as before the CNB,

• good recovery indicates the motor function did not quite return to
. Methods

For collection of data etc. see Part 1 [7].
the pre-CNB level, but the patient was only marginally disabled

and could resume normal, daily activities,

• partial recovery indicates that the patient was moderately dis-
abled (e.g. could walk with crutches or walker),
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blocks, 10 haematomas were subarachnoid, 20 subdural (one with
a simultaneous intracranial subarachnoid haematoma [13]), and 15
epidural. In the CSE group, there were 1 subarachnoid, 3 subdural,
and 11 epidural haematomas (Table 2).

Table 2
CNB technique vs. haematoma location. Figures within brackets denote percentage.

Type of block Location of the spinal haematoma N:o of cases

Epidural Subdural Subarachnoid

Epidural 961 8 2 106
Spinal 141 202 113 45
Combined 11 3 1 15
N:o  of cases 121 (73) 31 (19) 14 (8.7) 166

1Two patients with epidural haematoma, 1 after EDA [12], and 1 after SPA [10], both
ig. 1. Interval between CNB procedure or catheter removal and first sign of spinal
aematoma (Grade 0 excluded). See Section 3.1 for further explanation. The question
ark indicates inconclusive cases.

poor recovery indicates that there was no significant return of
motor function (patient bed ridden or wheel chair dependent).
patients who died within 30 days of the procedure were referred
to as dead.

n patients with grade I, recovery was classified as complete, partial,
r poor (= pain was not improved or even worsened, or inconti-
ence persisted).

Favourable outcomes were complete or good recoveries; other-
ise outcomes were referred to as unfavourable.

.3. Statistics

Differences between study groups (first half vs. second half of
he years between 1994 and 2015, outcomes in various groups)
ere analysed with the Chi square test, or Fischer’s exact test. A

 < 0.05 indicated statistical significance.

. Results

For demographic data, see part 1 [7].

.1. Timing

Times from the procedure or, when appropriate, catheter
emoval or manipulation to the first symptom or sign of a SH are
hown in Fig. 1 (4 cases with Grade 0 excluded). In 70 cases (44%),
ymptoms/signs started in less than 24 hours and in another 44
ases (28%) within 24-72 h. In 12 cases (7.6%) the delay was over 1
eek, in 1 case as much as 3 months. In 65 cases, symptoms started

fter removal of the catheter. Based on the length of catheterization
ime, together with the proximity between removal and present-
ng signs, it is reasonable to assume that in 25 of these (38%) the
aematoma was caused by the removal. Also, manipulations (with-
rawal 1-2 cm)  of catheters in situ caused 2 haematomas.

.2. Symptoms and signs of the spinal haematoma (Table 1)

Initial and most severe symptoms are listed in Table 1.
ain/incontinence was the presenting sign in 81 patients, a majority
f whom had back pain. In 50 of them (62%), symptoms progressed
nto grade II (24 cases) or grade III (26 cases) (Table 1). Motor deficits
ere seen in 81 cases, 60 grade II and 21 grade III. Of those initially
n grade II, symptoms progressed to grade III in 19 cases (32%). In 4
ases, initial symptoms were uncharacteristic. One of these even-
ually developed into paralysis (grade III), a 73 y old woman with
n Journal of Pain 15 (2017) 130–136

initial signs of meningeal irritation, which 12 days later evolved
into paraplegia. A subdural haematoma was  surgically evacuated,
but the patient remained paraplegic [9].

Pain (grade I) as the final symptom was more common in
patients with a subarachnoid haematoma (57%) than in patients
with subdural or epidural haematomas (17%) (P < 0.001).

Table 1
Symptoms and signs of the spinal haematoma. See Section 3.2 for further
explanation.

Initial Most severe

Grade N:o Grade 0 Grade I Grade II Grade III

0 4 31 0 0 1
I  81 312 24 26
II  60 41 19
III  21 213

Total n:o of cases 3 31 65 67

1All 3 cases with grade 0 [10–12] were excluded from outcome analysis. The signs
were:
1  signs of meningitis [10]
1 appearance of blood in an intrathecal catheter [11]
1 appearance of blood in an EDA needle at reoperation (fem. bypass) [12]
2One patient with a subdural and subarachnoid SH had a simultaneous intracranial
subarachnoid and intraventricular haemorrhage [13], and was excluded from out-
come analysis.
3One patient with a preoperative multiple sclerosis with paraparesis [14],  suffering
from a subdural haematoma, was  excluded from outcome analysis

3.3. Diagnosis of spinal haematoma

The diagnosis was  confirmed with magnetic resonance imaging
(MRI) in 144 cases, computer tomography (CT) scan in 18 cases (of
which 3 with a CT-myelography) and with plain myelography in
3 cases. In 3 cases, 2 because of metallic implants and 1 because
of overweight, MRI  was impossible. In one case [11] no radiologic
examination was made.

3.4. Location of the haematoma (Table 2)

The haematoma was  located epidurally in 121 patients, of whom
100 (83%) had motor deficits, subdurally in 31 (26 or 84%, with
motor deficits), and subarachnoidally in 14 cases (5, or 38% with
motor deficits). Six of the subdural haematomas also had some
blood subarachniodally. Eight of the subdural, and 2 of the sub-
arachnoid haematomas occurred after epidural blocks. In only one
of these 10 cases were any signs of an accidental dural punc-
ture in connection with the procedure reported. Among the spinal
with Grade 0, were excluded from outcome analysis.
2One patient with a simultaneous intracranial haemorrhage [13], was excluded from
outcome analysis.
3One patient with Grade 0 [11], and 1 patient with preoperative paraparesis (MS)
(Grade III) [14] were excluded from outcome analysis.
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Table  3
Outcome of all patients with grade I (n = 30). Figures within brackets denote per-
centage. One patient excluded [13], see section 3.5 and Table 1.

Time to
decompressive
laminectomy (h)

Complete
recovery

Partial
recovery

Poor
recovery Dead Total

<12 3 (100) 0 0 0 3
12-24 0 0 1 (100) 0 1
>24  4 (67) 2 (29) 1 (14) 0 7
Inconclusive1 0 0 0 0 0
All  operated 7 (64) 2 (18) 2 (18) 0 11
Not  operated 18 (95) 1 (5.3) 0 0 19
Total 25 (83) 4 (13) 1 (3.3) 0 30
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Firstly, in many clinical settings (e.g. small rural hospitals far from
Patients who  were laminectomized, but timing of surgery could not be determined

.5. Treatment and outcome

Laminectomy and evacuation of the haematoma was  carried
ut in 119 patients, while 47 were treated conservatively. Surgi-
al treatment was carried out in 37% of grade I patients, and in 83
nd 82% respectively in patients with grade II and III.

The reasons to refrain from surgical evacuation varied: most
mportant was the severity of symptoms. None of the patients with
rade 0 [10–12] underwent surgical evacuation of the haematoma.
n 3 cases, the reason was too longstanding symptoms (surgical
vacuation was considered to be of questionable benefits).

Five patients were excluded from outcome analysis: 3 patients
ith grade 0 [10–12], 1 patient with a simultaneous intracranial
aemorrhage [13], and 1 patient with longstanding paraparesis
ecause of a multiple sclerosis, who became paralytic [14]. Thus,
utcomes were analysed in 161 cases: 30 with grade I, 65 with
rade II, and 66 with grade III.

A favourable outcome (complete or good recovery) was  seen in
3% of the patients with grade I, in 49% of those with grade II, and

n 42% with grade III (P < 0.001 between grade I and grades II–III,
 = 0.43 between grade II and grade III).

.5.1. Outcomes in patients with grade I manifestations of SH
Table 3)

In patients with grade I, the absence of serious neurological
eficits also weakened the indication for surgical evacuation. Still,
2 of these 30 patients were operated with evacuation of the
aematoma. Of these, 8 had a complete recovery (i.e. freedom from
ain and/or return of full sphincter function), two had slight resid-
al pain (VAS < 3), one had residual back pain, and one patient
developed backache and suffered from emotional distress” fol-
owing surgical evacuation [15]. Nineteen patients were treated
onservatively; of these 18 had complete recovery, including the 2
ith decreased tonus of the anal sphincter. One had slight residual
ain (VAS 3/10) at the end of the observation period (2 months).

.5.2. Outcomes in patients with grade II-III (Tables 4a–4c)
Table 4a shows the outcome of 131 patients with motor dys-

unction (grade II-III) operated on within various time intervals,
r treated conservatively (1 patient excluded). Surgical evacua-
ion was carried out in 108 cases (82%). The time from appearance
f motor symptoms to surgical evacuation varied from less than

 hours to 4 days. More patients had a favourable outcome if oper-
tion was performed within 12 h from first sign (50%), compared
ith after 12 h (26%). Also, patients operated after more than 24 h
ad better outcomes than those operated between 12 and 24 h (44

s. 5% favourable outcomes). There were no differences in outcome
etween those operated within 12 h and those operated after > 24 h
P = 0.6). There were no differences between grade II and grade III
n Journal of Pain 15 (2017) 130–136 133

patients, neither with regard to treatment (surgical vs. conserva-
tive), nor with regard to outcomes (see Section 3.5).

3.5.2.1. Outcomes of grade II-III patients with epidural haematoma
(SEDH) (Table 4b). Surgical evacuation was carried out in 80 (80%),
with 49% favourable outcomes. There were 63% favourable out-
comes in the group evacuated within 12 h, vs.  31% in those operated
after more than 12 h from the development of neurological symp-
toms. Also, those operated after more than 24 h (50% favourable
outcomes) had better outcomes than those operated between 12
and 24 h (one patient, 7.1%). Again, there was no difference between
those operated within 12 h and those operated after > 24 h. Twenty
patients were treated conservatively. Fifteen of these, or 75%, recov-
ered completely, 3 had poor recovery, and 2 died.

3.5.2.2. Outcomes of grade II-III patients with subdural haematoma
(SSDH) (Table 4c). Surgical evacuation was carried out in 24 (92%),
11 within 12 h and 9 after 12 h (4 unreported timing). Only one
patient, operated after > 24 h, experienced a favourable outcome
[16]. Five (two operated within 12 h, two after 12 h, and 1 with unre-
ported timing) had a partial recovery. Two  patients were treated
conservatively, both with complete recoveries.

3.5.2.3. Outcomes of patients with subarachnoid haematoma (SSAH).
There were only 12 cases with symptomatic SSAH (2 excluded),
of which 5 with grades II-III. Four underwent surgical evacuation,
2 with favourable and 2 with unfavourable outcomes, one was
treated conservatively (complete recovery). Seven were grade I, 6
of these were treated conservatively, all with complete recoveries.
One laminectomized patient remained in slight residual pain.

3.5.3. Outcomes during 1994-2004 vs. 2005-2015
The prevalence of favourable outcomes was 41% during the first

half of the study period, vs.  64% during the second half (P < 0.001).
Among cases with motor deficits (grade II-III), the prevalence of
favourable outcomes was 36% and 57%, for the two  periods respec-
tively (P < 0.05). Similar differences were seen whether patients
were surgically evacuated (30% vs.  49%) or conservatively treated
(62% vs.  100%).

4. Discussion

4.1. Diagnosis

Eighty-one cases reported from 2005 to 2015 (96%) were diag-
nosed with MRI, 2 cases with CT-scan, 1 of these because of
contraindication to MRI  (pacemaker) [17], and 1 case with myelog-
raphy, the case occurred in 1977 [18]. Only 77% were examined
with MRI  during the first 11 years (1994-2004). Today, MRI is
undoubtedly the investigation of choice for verifying and localising
a post-CNB spinal haematoma.

4.2. Outcomes

The outcomes were divided into several subgroups: with regard
to gravest symptom or sign of the haematoma, with regard to loca-
tion of the haematoma in relation to the meninges, and with regard
to the treatment of the haematoma. Surgically treated patients
were compared with regard to the time lapse from the presenting
neurological symptom to laminectomy: less than 12 h, 12-24 h, and
more than 24 h. The 12 h interval was  chosen for several reasons.
nearest neurosurgical clinic) a shorter interval does not seem real-
istic to achieve in all cases [19] secondly, this choice is supported
by several neurosurgical studies [8,20–22]. Thirdly, we  compared
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Table 4a
Outcomes of all patients with motor deficits (grades II-III, n = 131). Figures within brackets denote percentage. One patient [14] excluded, see section 3.5.

Favourable outcomes Unfavourable outcomes

Time to decompressive laminectomy (h) Complete recovery Good recovery Partial recovery Poor recovery Dead1 Total

< 12 20 (37) 7 (13) 7 (13) 17 (31) 3 (5.6) 54
12-24  1 (5.3) 0 6 (32) 11 (58) 1 (5.3) 19
>  24 5 (22) 5 (22) 5 (22) 8 (34) 0 23
Inconclusive2 4 (33) 0 3 (25) 5 (42) 0 12
All  operated 30 (28) 12 (11) 21 (19) 41 (38) 4 (3.7) 108
Not  operated3 18 (78)3a 0 0 3 (13)3b 2 (8.7)3c 23
Total  48 (37) 12 (9.2) 21 (16) 44 (34) 6 (4.6) 131

1Patients who  died within 30 days from the procedure (without recovering)
2Patients who  were laminectomized, but timing could not be determined
3Reason to refrain from laminectomy:

a Mild, stable or disappearing symptoms (n = 12), too long time elapsed from 1st sign (2), poor medical condition (2), alternative treatment (hyperbaric oxygen) (1), reason
n
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in the SEDH group had favourable outcomes (P < 0.001) (Table 4b,
Fig. 2).

In 18 patients with SSDH (75%), of whom 2 died, surgical evacu-
ation resulted in no significant improvement at all, while 5 patients
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ot  reported (1)
b Patient refusal (2), “no therapeutic measures were deemed possible” (1)
c Poor medical condition (1), too long time elapsed from 1st sign (1)

atients operated within 8 h with those operated 8-12 h after first
ign of motor dysfunction, and found no difference in outcome.

.2.1. Patients without motor deficits (grade I, Table 3)
In patients with grade I symptoms (mostly back pain), surgical

vacuation did not seem to improve outcomes. In the non-operated
roup 95% were completely recovered, vs. 64% after surgical decom-
ression. A wait-and-see approach, with meticulous follow up,
eems to be the best option in patients without motor deficits.

.2.2. Patients with motor deficits (grade II-III, paresis or
araplegia, Table 4a)

In patients with grade II-III (motor deficits), decompressing
aminectomy within 12 hours resulted in the best surgical out-
ome in the present as well as in several other studies [e.g. 8,
0–22] (Table 4a). There were 50% favourable outcomes in this
roup, compared with 26% in those operated after more than
2 h.

Of special interest however, are the good results in the group
ith late laminectomy (>24 h), with 44% favourable outcomes,
hich compared well with the group < 12 h (50%), and superior to

he group 12-24 h (5.3%, Table 4a). In 5 of the 6 cases with complete
eurological recovery among those operated after 12 h [16,23–26],

aminectomies were performed 24-96 h after the first sign. These
esults indicate that it is not justified to refrain from decompressive
aminectomy because of longstanding symptoms alone. Therefore the
iew that there is a certain time limit from development of neu-
ologic symptoms until surgical intervention (sometimes given as

 h) after which complete neurological recovery is unlikely [e.g.
7–29] does not seem accurate. Such time limits are too pessimistic.
hree patients in this review were denied surgical evacuation of
heir haematoma because of such a defeatist strategy. Two  of them
ecovered completely (see below), while one died.

Several authors claim that surgery is the only effective treat-
ent of patients suffering from a spinal haematoma with motor

eficits [e.g. 4–6,20,30,31]. However, the present review clearly
hows that this may  not always be true, since outcomes of patients
mong those who were treated conservatively compared excellent
ith those operated within 12 h; favourable outcomes occurred in

8 of 23 (78%) in the non-surgical group vs. 27/54 (50%) among
hose laminectomized within 12 h (Table 4a). Indeed, this is not
urprising, since the reason to refrain from surgical evacuation was
ften that neurological symptoms had stabilized (2 cases) or were
esolving (10 cases), of which all made complete recoveries. Eight

atients were denied surgery since an operation would be of ques-
ionable benefits, either because of long standing symptoms or poor

edical condition, still 5 of them recovered completely. One of
hese was a 90-year old woman with gastric cancer, who  developed
an epidural haematoma after having a thoracic epidural catheter
inserted for gastrectomy [28]. More than 12 h had elapsed from
start of symptoms (paraparesis) until diagnosis, and the patient
was treated conservatively since operation was considered having
questionable benefits because of this delay, and also because of her
age and malignancy. Her recovery was  still poor after 15 days, was
partial after 30 days, but was complete after 56 days.

If surgical evacuation is not indicated, the patient must be mon-
itored carefully for any sign of progressing symptoms, and offered
alternative treatment, e.g. physiotherapy. One interesting option is
hyperbaric oxygen (HBO) therapy. One patient with grade II (weak-
ness of the legs) was treated with HBO while waiting for surgical
evacuation of a lumbar SEDH [32]. During this first HBO session
prompt relief of the symptoms occurred, why operation was  can-
celled. Instead, the patient received four additional HBO sessions
the following days, leading to a complete recovery. One month
later, a follow up MRI  demonstrated complete absorption of the
haematoma.

4.2.3. Spinal subdural haematomas (Table 4c)
Of special interest are also the many unfavourable outcomes,

reported in patients who underwent surgical evacuation of their
spinal subdural haematomas (SSDH) (96%). Only one patient (4.2%)
had a favourable outcome (Table 4c, Fig. 2). In comparison, 49%
Fig. 2. Favourable outcomes after surgical evacuation of the haematoma in per cent
of  patients undergoing decompressive laminectomy for spinal epidural (left bar;
N  = 80) or subdural (right bar; N = 24) haematoma. Only 1 patient among those with
a  spinal subdural haematoma had a favourable outcome (complete recovery). See
Section 4.2.3 for further explanation.
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Table  4b
Outcomes of patients with motor deficits from an epidural haematoma (grades II-III, n = 100). Figures within brackets denote percentage.

Favourable outcomes Unfavourable outcomes

Time to decompressive laminectomy (h) Complete recovery Good recovery Partial recovery Poor recovery Dead1 Total

< 12 19 (46) 7 (17) 5 (12) 9 (22) 1 (2.4) 41
12-24 1 (7.1) 0 5 (36) 7 (50) 1 (7.1) 14
>  24 4 (22) 5 (28) 4 (22) 5 (28) 0 18
Inconclusive2 3 (43) 0 2 (29) 2 (29) 0 7
All  operated 27 (34) 12 (15) 16 (20) 23 (29) 2 (2.5) 80
Not  operated3 15 (75)3a 0 0 3 (15)3b 2 (10)3c 20
Total  42 (42) 12 (12) 16 (16) 26 (26) 4 (4) 100

1Patients who died within 30 days from the procedure (without recovering)
2Patients who were laminectomized, but timing could not be determined
3Reason to refrain from laminectomy:

a Mild, stable or disappearing symptoms (n = 10), too long time elapsed from 1st sign (2), alternative treatment (hyperbaric oxygen) (1), poor medical condition (1), reason
not  reported (1)

b Patient refusal (2), “no therapeutic measures were deemed possible” (1)
c Poor medical condition (1), too long time elapsed from 1st sign (1)

Table 4c
Outcomes of patients with motor deficits from a subdural haematoma. (grades II-III, n = 26) Figures within brackets denote percentage. One patient [14] excluded, see section
3.5.

Favourable outcomes Unfavourable outcomes

Time to decompressive laminectomy (h) Complete recovery Good recovery Partial recovery Poor recovery Dead1 Total

< 12 0 0 2 (18) 7 (64) 2 (18) 11
12-24 0 0 1 (25) 3 (75) 0 4
>  24 1 (20) 0 1 (20) 3 (60) 0 5
Inconclusive2 0 0 1 (25) 3 (75) 0 4
All  operated 1 (4.2) 0 5 (21) 16 (67) 2 (8.3) 24
Not  operated3 2 (100)3 0 0 0 0 2
Total  3 (12) 0 5 (19) 16 (62) 2 (7.7) 26

1Patients who died within 30 days from the procedure (without recovering)
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Patients who were laminectomized, but where timing could not be determined
Reason to refrain from laminectomy: Mild, stable or disappearing symptoms (n = 2

ad partial recoveries. The timing of surgery was unimportant.
leven patients had surgery within 12 h, 7 of those had poor out-
omes, 2 died, and 2 did recover partially. Three additional patients
ade partial recoveries, 1 of them was laminectomized after more

han 30 h. The only patient in whom surgery resulted in a favourable
utcome (complete recovery) complained of back pain immedi-
tely postoperatively, was discharged but returned to the hospital

 weeks later with persistent pain, and also incontinence and leg
eakness since 24 h [16]. Thus, operation took place > 24 h after
rst neurologic symptom. Two patients were treated conserva-
ively, 1 grade II [33] and 1 grade III [34]; both made complete
ecoveries. These figures may  cast a shadow of doubt as to the
eneficial effects of surgical evacuation in patients suffering from

 spinal subdural haematoma, even if symptoms and signs have
eveloped into severe neurologic deficits. It must be emphasized

owever, that this notion is only valid for CNB cases. Yang et al [35]
nalysed 106 cases of non-traumatic SSDH. Of the 59 cases that
ere treated surgically, 42% had favourable outcomes, compared
ith 43% in the non-surgical group (47 cases) [35]. The reason for

able 5
utcomes in patients with symptomatic spinal haematoma after a CNB (grades I-III). NR =

Authors, year, and reference number Cases from years Neu

Com

Schmidt and Nolte 1992 [4] (n = 29) 1974 - 1991 20.
Vandermeulen et al., 1994 [5] (n = 61) 1906 - 1993 19.
Wulf,  1996 [6] (epidurals only) (n = 51)1 1952 - 1996 22 

Present review, 2017 (n = 161)2 1994 - 2015 45 

Numbers estimated from a graph over patients after surgical evacuation of their haemat
Two patients excluded, see Section 3.5 (Three patients had grade 0).
the poor surgical prognosis in patients with a post-CNB subdural
haematoma is unclear. The motor deficits were not worse com-
pared with those with a spinal epidural haematoma, 42% complete
deficits in both groups. Regardless of location, whenever a spinal
haematoma is suspected, an urgent neurosurgical consultation is
mandatory.

4.3. Better outcome of post CNB spinal haematoma after 1994
(Table 5)

Overall, the outcomes after post-CNB SH among the present
case reports differ from previous reviews [4–6] (Table 5). In par-
ticular, the mortality rate is much lower (3.7 vs. 26-28%), and the
prevalence of complete recoveries is higher (45 vs.  20-22%). Possi-
ble explanations are improvements in diagnostic and therapeutic

tools. E.g. among the present cases, MRI  was  used in 89%, while the
corresponding figure reported by Vandermeulen et al [5] was 10%.

Outcomes were also improving during the study period. In the
first half (1994-2004), 36% of the patients recovered completely,

 not reported. All figures denote per cent of reported cases.

rologic recovery

plete Good Partial Poor Dead

7 24.1 13.8 27.6
7 18 47.5 26.2

11 23 44 NR
7.5 15 29 3.7

oma.
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nd 41% hade favourable outcomes. During the second half (2005-
015) the corresponding figures were 54% and 64% respectively
P = 0.004). Even here, improved diagnostic tools may  explain the
etter outcomes. In the first period, MRI  was used in 77% of the
ases, during the second period it was used in 96%.

. Conclusions and implications

We  have analysed 166 cases of spinal haematoma after central
euraxial blocks published between 1994 and 2015. This review
learly shows that the clinical pattern of this complication has
hanged significantly during the last two decades.

Magnetic resonance imaging has been increasingly used to verify
diagnosis, and is now mandatory, except when contraindicated.
The outcome of patients has been improved, whether these are
treated surgically or conservatively. The prevalence of patients
with complete recovery was doubled compared with reports
from the 1990’s.
Although surgical evacuation of the haematoma is strongly indi-
cated in most patients, it may  not be the best option in those
without motor deficits, or when these are stable or receding.
Only one of the patients with motor dysfunction from a spinal
subdural haematoma did recover significant motor function after
surgical evacuation.
In patients with motor deficits from an epidural haematoma,
the best surgical results were achieved after surgical evacuation
within 12 h after the appearance of neurologic symptoms.
Importantly, a delay of more than 24 h should not in itself deter
from decompressive laminectomy if this is indicated. Several
patients with severe deficits regained full neurological function
even after delayed surgical evacuation.
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