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ABSTRACT
Background  Besides spinal complications, intracranial 
hematoma or abscess may occur after neuraxial block. 
Risk factors and outcome remain unclear.
Objective  This review evaluates characteristics, 
treatment and recovery of patients with intracranial 
complications after neuraxial block.
Evidence review  We systematically searched 
MEDLINE, Embase and the Cochrane Library from their 
inception to May 2020 for case reports/series, cohort 
studies and reviews of intracranial hematoma or abscess 
associated with neuraxial block. Quality of evidence 
was assessed using the critical appraisal of a case study 
checklist by Crombie.
Findings  We analyzed 232 reports, including 291 
patients with hematoma and six patients with abscess/
empyema. The major part of included studies comprised 
single case reports with a high risk of bias. Of the 
patients with hematoma, 48% concerned obstetric 
patients, the remainder received neuraxial block for 
various perioperative indications or pain management. 
Prior dural puncture was reported in 81%, either 
intended (eg, spinal anesthesia) or unintended (eg, 
complicated epidural catheter placement). Headache was 
described in 217 patients; in 101 patients, symptoms 
resembled postdural puncture headache (PDPH). After 
treatment, 11% had partial or no recovery and 8% died, 
indicating the severity of this complication. Intracranial 
abscess after neuraxial block is seldom reported; six 
reports were found.
Conclusion  Diagnosis of intracranial hematoma is often 
missed initially, as headache is assumed to be caused 
by cerebrospinal hypotension due to cerebrospinal fluid 
leakage, known as PDPH. Prolonged headache without 
improvement, worsening symptoms despite treatment or 
epidural blood patch, change of headache from postural 
to non-postural or new neurological signs should alert 
physicians to alternative diagnoses.

INTRODUCTION
Neuraxial administration of local anesthetics is 
widely used to provide analgesia or anesthesia. 
The most frequently reported side effects of 
neuraxial block, such as periprocedural hypoten-
sion, urine retention and postdural puncture head-
ache (PDPH), are usually self-limiting or relatively 
easy to treat. More serious complications, such as 
spinal hematoma or abscess, although rare, feature 
prominently in the anesthesia literature as they may 

result in permanent neurological injury.1–5 Intracra-
nial complications, such as hematoma or abscess, 
may not be instantly recognized as complications of 
neuraxial analgesia, even though the consequences 
can be significant as well, with a possibility of 
permanent neurological deficit despite treatment.

Literature reviews focusing on the development 
of intracranial hematomas following neuraxial 
anesthesia are scarce and have mainly focused on 
obstetric patients as the incidence seems highest in 
this population.6–9 The few reviews that are present 
in other populations, for example, perioperative 
patients, are small and non-systematic.10 11

Previously, we systematically reviewed spinal 
complications after neuraxial block.5 Using a similar 
approach, we aimed to collect all cases reported in 
the literature concerning intracranial hematomas 
or abscesses following neuraxial block, in order to 
identify possible predisposing patient characteris-
tics, to describe the ensuing clinical course and to 
gain insight under which circumstances complica-
tions would be most likely to occur.

METHODS
Search strategy
A systematic search in MEDLINE, Embase and the 
Cochrane Central Register of Controlled Trials 
from inception of databases to May 11, 2020, was 
performed to identify relevant studies. The search 
consisted of controlled vocabulary (ie, Medical 
Subject Headings in MEDLINE) and free-text words 
for neuraxial blocks and intracranial hematomas 
and abscesses. Animal studies were safely excluded 
by double negation (not exp animals/not humans/). 
No further language, date or other restrictions were 
imposed (for the entire MEDLINE search strategy, 
see online supplemental file 1). We cross-checked 
the reference lists and the citing articles of the iden-
tified relevant papers for additional references. The 
bibliographical records retrieved were imported 
and de-duplicated in EndNote V.X9.3.3 (Clarivate 
Analytics, USA).

Article selection
Titles, abstracts and subsequently full texts were 
independently screened for reports concerning 
intracranial hematomas and abscesses associated 
with neuraxial block by two authors (EMEB and 
KvdL). Inclusion criteria for eligibility were intra-
cranial hematoma or abscess after neuraxial block 
in humans. We defined intracranial hematoma or 
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abscess as any epidural, subdural, subarachnoid or intraparen-
chymal hematoma or abscess above the level of C0. Neuraxial 
blocks were classified as continuous epidural analgesia, spinal 
anesthesia, a combined spinal–epidural (CSE), epidural injec-
tion, spinal catheters and spinal cord stimulators. Case reports, 
case series, prospective and retrospective cohort studies, system-
atic reviews and literature reviews (if containing original data) 
in English, Dutch, French or German were included. When arti-
cles in other languages were encountered but an English abstract 
was found, we restricted data extraction to the abstract. We 
confirmed that no overlap was present between cases described 
in reviews or cohort studies and case reports by screening data of 
patients with, for instance, identical age, comorbidities, author 
names and clinical affiliations. When all variables were identical 
and the presence of a double citation was confirmed, one of the 
identical citations was excluded (see figure 1, double citation). 
All cases with neuraxial block prior to the development of intra-
cranial hematoma or abscess were included; also cases where 
causality of the complication to neuraxial block was uncertain 
and may be explained by underlying disease (ie, vascular malfor-
mations as aneurysms and arteriovenous malformations) were 
included.

Quality assessment
We used the critical appraisal of a case study checklist, adapted 
from The Pocket Guide to Critical Appraisal by Crombie, to 
assess the quality of the included studies.12 Two authors (EMEB 
and KvdL) independently assessed the quality of all publications 
reporting more than one case. The quality of single case reports 
was not assessed because of likely selection and publication bias.

Data extraction
Two independent reviewers (EMEB and KvdL) extracted infor-
mation from the selected articles. When available, extracted data 
included space of complication (epidural, subdural, subarach-
noid or intraparenchymal), location of complication (unilateral/
bilateral; unilateral hematoma/abscess describes a complication 
located in one hemisphere, while bilateral hematomas/abscesses 
describe complications located in both hemispheres of the 
brain), age, sex, Body Mass Index, American Society of Anesthe-
siologists (ASA) physical status,13 coagulation status, indication 
for neuraxial block, type of neuraxial procedure, needle size, 

report of complicated puncture, presenting symptoms, timeline 
from onset of neuraxial block to complication, moment of first 
symptoms (rounded to full hours), moment of first neurological 
symptoms (rounded to full hours), type of treatment, timing of 
evacuation of hematoma or abscess if performed (rounded to full 
hours) and recovery after treatment (for complete information 
on extracted data, see online supplemental file 2).

Clinical symptoms prior to treatment decision were scored, 
based on symptoms described in the reported cases. Globally, all 
patients were scored for the presence of pain (ie, headache/neck 
pain), seizures, nausea/vomiting/dizziness, aphasia/dysarthria, 
visual disturbance, drowsiness/disorientation and neurological 
deficits (motor and sensory disturbances). We classified the extent 
of neurological deficit further using the Glasgow Coma Scale14 
(GCS); a GCS score of <13 was considered to be disturbed. 
Neurological symptoms, as indicated in the variable ‘moment of 
first neurological symptoms’, comprised motor, sensory or GCS 
disturbances. When first presenting symptoms comprised neuro-
logical deficits, the variables ‘moment of first symptoms’ and 
moment of first neurological symptoms were scored identical, 
when first presenting symptoms comprised symptoms other than 
motor/sensory/GCS disturbances (eg, headache), the moment of 
first symptoms was scored different from the moment of first 
neurological symptoms (if any).

Regarding type of treatment, a distinction was made between 
neurosurgical decompression and conservative management. 
Neurosurgical decompression consisted of burr holes, crani-
otomy or other neurosurgical decompressive intervention. 
Conservative management was described to comprise treatment 
with analgesics, corticosteroids (eg, dexamethasone), antibiotics, 
physiotherapy, rehabilitation or no treatment at all.

Recovery after treatment was scored as ‘full recovery’, ‘delayed 
but full recovery’ (full recovery after more than one month from 
symptom onset), ‘partial recovery’ (improvement of symptoms, 
but persistent neurological deficit or pain present after treat-
ment) and ’no objective recovery after treatment’.

Statistical analysis
SPSS V.26.0 was used for statistical analyses. Normally distrib-
uted continuous variables are presented as mean (SD) and were 
compared using independent samples t-tests, whereas non-
normally distributed variables are presented as medians (IQR) 
and compared using Mann-Whitney tests. Categorical variables 
are presented as n (%) and were compared using Pearson χ2 tests, 
Fisher exact test or Fisher-Freeman-Halton exact test.

A two-sided p value of 0.05 was considered statistically 
significant.

RESULTS
The search retrieved 3276 publications, from which we selected 
338 records for assessment of eligibility. Finally, we included 232 
records in this review. Intracranial hematoma after neuraxial 
block was reported in 291 patients (226 articles); 9 patients 
suffered from a combination of spinal and intracranial hema-
toma.15–23 Intracranial abscess was reported in six patients (six 
articles); one patient suffered from both spinal and intracra-
nial abscesses.24 Data collection and selection of articles are 
described in figure 1. Articles concerning patients with intracra-
nial hematoma included 14 case series/cohort studies reporting 
79 patients and 212 patients in single case reports. Patients 
with abscess/empyema were reported in five single case reports 
and in one closed claims analysis also describing other serious 

Figure 1  Flowchart of search and selection of records concerning 
intracranial hematomas and abscesses after neuraxial block from 
inception of databases until 11 May 2020. n, number of articles, n.o.s., 
not otherwise specified.
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complications after neuraxial anesthesia, including spinal hema-
toma and abscess.

Quality assessment
A large proportion of included studies comprised single case 
reports; therefore, the risk of bias in the included studies was 
high. Furthermore, the quality of the case series and cohort 
studies was questionable, as many variables of the checklist12 
were scored ‘unclear’ or ‘negative’. Information on the quality 
of each of the case series and cohort studies is shown in online 
supplemental file 3. Among the 14 studies (13 articles reporting 
solely patients with intracranial hematoma and 1 article 
reporting intracranial abscess but also reporting spinal hema-
toma and abscess, which are not included in this analysis), only 1 
study scored positive on 9 of 11 required items of the checklist. 
None of the case series or cohort studies scored positive on all 
items of the checklist.

Intracranial hematoma
Characteristics of patients with intracranial hematoma are 
described in table 1. Patients were generally young and healthy, 
with a median age of 34 (28 – 50) years and an ASA physical 
status of 2 in 119 of 146 cases with data on ASA physical status; 
data were missing in 145 cases (50%). Approximately half of 
patients comprise obstetric patients either undergoing cesarian 
section or receiving neuraxial labor analgesia (141 of 291 
patients, 48%).

Most intracranial hematomas occurred after intended dural 
punctures, that is, spinal anesthesia, spinal catheter or CSE 
procedures (if intending spinal anesthesia). Unintended dural 
puncture (eg, spinal tap when attempting to place an epidural 
catheter for epidural analgesia or CSE) occurred in 51 patients; 
in 32 of 77 patients (42%) treated with epidural analgesia, 
in 7 patients who experienced a failed regional technique, in 
3 patients during epidural injection, in 1 patient treated with 
a CSE procedure and in 1 patient who received a spinal cord 
stimulator; furthermore, it was decided to place a spinal cath-
eter after unintended dural puncture while attempting different 
neuraxial blocks in an additional 7 patients (epidural analgesia 
was intended in 5 of these patients and CSE in 2 patients). In this 
series, 237 of 291 patients (81%) experienced a dural puncture, 
either intended or unintended.

No interference with the coagulation system (ie, medication or 
underlying disease) was noticed in 74 patients, 25 patients used 
prophylactic low-molecular-weight heparin, aspirin/clopidogrel, 
direct oral anticoagulants, a combination of anticoagulants, had 
heparin infusion or a coagulation disorder, or anticoagulant 
therapy was unspecified (see table 1); interference with the coag-
ulation system was unreported in 192 cases (66%).

Clinical presentation
Virtually all patients reported pain (217 of 220 patients with 
information on the presence or absence of pain), that is, headache 
and/or neck pain. In 101 of 217 patients with pain, the headache 
complied with criteria for (or was initially confused with) PDPH25; 
in 16 patients, the headache did not adhere to the criteria for PDPH 
and an alternative diagnosis was considered, and in the remaining 
100 of 217 patients with pain, detailed information was missing. 
Sensory disturbances or motor deficits were present in 17% and 
27%, respectively. Sensory and motor symptoms were diverse and 
could comprise mild neurological symptoms, that is, numbness or 
mild muscle weakness in the face or extremities17 26–30 or severe 
neurological deficit such as hemiparesis,31 tetraparesis due to 

Table 1  Characteristics of patients with intracranial hematoma 
associated with neuraxial block

Intracranial hematoma: patient 
characteristics Total: 291 n

Age (years), median (IQR) 34.0 (28.0–50.0) 240

Sex (male, female, missing), n (%) 60 (20.6), 187 (64.3), 44 (15.1) 247

BMI (kg/m2), median (IQR) 25.5 (23.5–29.8) 30

ASA physical status, n (%) 146

 � Class 1 13 (4.5)

 � Class 2 119 (40.9)

 � Class 3 12 (4.1)

 � Class 4 2 (0.7)

 � Missing 145 (49.8)

Neuraxial technique 290

 � Spinal anesthesia 123 (42.3)

 � Epidural catheter 77 (26.5)

 � Spinal catheter 57 (19.6)

 � Combined spinal–epidural procedure 14 (4.8)

 � Failed regional technique 12 (4.1)

 � Epidural injection 6 (2.1)

 � Spinal cord stimulator 1 (0.3)

 � Missing 1 (0.3)

Needle size (gage) 118

 � <18 20 (6.9)

 � 18–21 25 (8.6)

 � 22–24 23 (7.9)

 � 25–27 50 (17.2)

 � Missing 173 (59.5)

Report of complicated puncture 150

 � No difficult puncture 71 (24.4)

 � Difficult/multiple punctures 27 (9.3)

 � Bloody tap 1 (0.3)

 � Unintended dural puncture 51 (17.5)

 � Missing 141 (48.5)

Procedure 270

 � Obstetric: cesarian section 76 (26.1)

 � Obstetric: labor analgesia 65 (22.3)

 � Aneurysm repair (open or endovascular) 42 (14.4)

 � Minor digestive 24 (8.2)

 � Pain management 14 (4.8)

 � Urological 13 (4.5)

 � Major orthopedic 12 (4.1)

 � Gynecological oncology/surgery 8 (2.7)

 � Minor orthopedic 6 (2.1)

 � Peripheral vascular 4 (1.4)

 � Major digestive 3 (1.0)

 � Thoracic (thoracotomy/thoracoscopy) 2 (0.7)

 � Amputation (leg)/extremities 1 (0.3)

 � Missing 21 (7.2)

Coagulation status 99

 � No regular anticoagulants 74 (25.4)

 � Prophylactic LMWH 10 (3.4)

 � Aspirin/clopidogrel 6 (2.1)

 � Coagulation disorder 4 (1.4)

 � Heparin infusion 2 (0.7)

 � DOAC 1 (0.3)

 � Unspecified anticoagulant therapy 1 (0.3)

 � LMWH and vitamin K antagonist 1 (0.3)

 � Missing 192 (66.0)

Time point of complication* 228

Continued
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bilateral parietal subdural hematomas32 or a comatose state.33 The 
GCS score was abnormal in 60 patients.

Concerning the 16 patients for which the clinician considered 
diagnoses different from PDPH, symptoms that were considered 
to be less suggestive of PDPH were the presence of a constant 
headache, position independent headache, headache that 

intensified in lying position or diminished in sitting position, or 
headache occurring during/immediately after puncture or after 
more than 14 days after neuraxial block. GCS was disturbed in 
five of these 16 patients, motor disturbances and sensory distur-
bances were reported in seven and five patients, respectively. 
Seven patients reported to have nausea/vomiting/dizziness, in six 
patients drowsiness/disorientation was described, three patients 
were described to have seizures, three patients had visual 
disturbances, and two of these patients presented with aphasia/
dysarthria.

Development of symptoms (timeline)
The median time to symptom onset after neuraxial block (ie, all 
symptoms, for instance, pain, nausea/vomiting or neurological 
deficits such as motor/sensory/GCS disturbances) was 36 hours 
(10–72, n=204); the first neurological symptoms (comprising 
motor/sensory/GCS disturbances) occurred after 120 hours 
(48–276, n=112), the median time of symptom progression 
was 120 hours (24–427, n=160). The time between start of 
first symptoms (often headache) and evacuation of hematoma, 
if performed, was 197 hours (7–518, n=85); the time between 
development of neurological symptoms to evacuation was 
shorter, 4 hours (3–24, n=63); and the time between diagnosis 
and evacuation, if performed, was 2 hours (1–4, n=79).

Treatment and recovery
After intracranial hematoma was diagnosed, 112 patients were 
treated with neurosurgical drainage and 144 patients were treated 
conservatively; this information was missing in the remaining 
35 patients. Overall, the majority of patients had full recovery 
(162 of 291 patients, 56%); 32 patients (11%) had permanent 
sequelae after treatment; 22 patients died (8%); and information 
regarding recovery was missing in 75 patients (26%).

Patients with permanent sequelae after treatment remained 
with a variability of symptoms, ranging from ptosis, epilepsy, 
persistent paralysis or a remaining comatose state after symptom 
progression. Regarding the 22 patients who died due to the 
complication, many of these patients presented initially with or 
without mild neurological symptoms; however, after a period 
of vague complaints, a sudden and rapid progression to uncon-
sciousness occurred, finally leading to brain herniation and death 
(median hours of symptom progression of 72 hours, 13– 236; 
n=17). Patients who died were generally older than survivors, 
with a median age of 66 (38–70) years (n=21) vs 34 (28–42) 
years (n=186), respectively (p<0.001), and were more often 
male (52%, n=21, vs 20%, n=191, respectively; p<0.01).

Fifty-five of 101 patients diagnosed with PDPH were treated 
with an epidural blood patch (EBP) to alleviate the headache; 
10 patients were treated without EBP, and this information was 
missing in the remaining patients. One patient without PDPH 
symptoms but with confirmed bilateral subdural hematoma was 
treated with an EBP to stop ongoing cerebrospinal fluid (CSF) 
leakage,34 and one patient who was already treated twice with 
craniotomy for recurrent intracranial hematoma received an 
EBP because of ongoing CSF leakage from a lumbar drain site35; 
both cases resulted in complete recovery. In the limited number 
of patients with reported data regarding the performance of an 
EBP and outcome, no differences were seen in terms of recovery 
(n=73, p=0.13).

Intracranial abscess/empyema
The characteristics of six patients with intracranial abscess after 
neuraxial anesthesia previously reported in the literature are 

Intracranial hematoma: patient 
characteristics Total: 291 n

 � During puncture 27 (9.3)

 � During treatment 19 (6.5)

 � After removal of catheter 58 (19.9)

 � After spinal anesthesia 124 (42.6)

 � Missing 63 (21.6)

Space 237

 � Subdural 200 (68.7)

 � Subarachnoidal 18 (6.2)

 � Intraparenchymal 12 (4.1)

 � Epidural 3 (1.0)

 � Subdural and subarachnoidal 4 (1.4)

 � Missing 54 (18.6)

 � Unilateral, bilateral, missing, n (%) 119 (40.9), 46 (15.8), 126 (43.3) 165

Symptoms

 � Pain (headache/neck pain) (present, 
absent, missing)

217 (74.6), 3 (1.0), 71 (24.4) 220

 � Sensory deficit (present, absent, 
missing)

50 (17.2), 128 (44.0), 113 (38.8) 178

 � Motor deficit (present, absent, missing) 79 (27.1), 131 (45.0), 81 (27.8) 210

 � PDPH (present, absent, missing) 101 (34.7), 16 (5.5), 174 (59.8) 117

 � Seizures (present, absent, missing) 27 (9.3), 27 (9.3), 237 (81.4) 54

 � Aphasia/dysarthria (present, absent, 
missing)

19 (6.5), 26 (8.9), 246 (84.5) 45

 � Visual disturbance (present, absent, 
missing)

37 (12.7), 23 (7.9), 231 (79.4) 60

 � Vomiting/nausea/dizziness (present, 
absent, missing)

74 (25.4), 15 (5.2), 202 (69.4) 89

 � Drowsy/disorientation (present, absent, 
missing)

49 (16.8), 24 (8.2), 218 (74.9) 73

 � GCS disturbed (eg, <13) (present, 
absent, missing)

60 (20.6), 33 (11.3), 198 (68.0) 93

 � GCS count if GCS disturbed, median 
(IQR)

5.0 (3.0–7.0) 24

Treatment, n (%) 256

 � Conservative 144 (49.5)

 � Neurosurgical decompression 112 (38.5)

 � Missing 35 (12.0)

 � EBP (yes, no, missing), n (%) 57 (19.6), 24 (8.2), 210 (72.2) 81

Recovery after treatment, n (%) 216

 � Full recovery 117 (40.2)

 � Delayed but full recovery 45 (15.5)

 � Partial recovery 19 (6.5)

 � No recovery 13 (4.5)

 � Death 22 (7.6)

 � Missing 75 (25.8)

*‘During puncture’: symptoms during/directly after puncture, including epidural 
analgesia, SCS, continuous spinal anesthesia (spinal catheter) and failed regional 
techniques; ‘during drug administration’: when drugs were administered through a 
catheter or treatment with SCS was ongoing; ‘after removal of catheter’: if catheter or 
SCS was removed.
ASA, American Society of Anesthesiologists; BMI, Body Mass Index; DOAC, direct oral 
anticoagulants; EBP, epidural blood patch; GCS, Glasgow Coma Scale; LMWH, low-
molecular-weight heparin; n, cases with available data on specific parameter; PDPH, 
postdural puncture headache; SCS, spinal cord stimulator.

Table 1  Continued
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described in table 2. Most patients were relatively young, with a 
median age of 32 (24–65) years; five were female, and the indi-
cation for neuraxial block was a cesarian section in four cases. 
Most patients reported headache and/or neck pain (five patients). 
The median time to symptom onset after neuraxial block was 
228 hours (48–4170, n=6). Four cases were treated with neuro-
surgical decompression of abscess(es) combined with antibiotic 
treatment and two cases were treated conservatively, including 
antibiotic treatment. Cultures (blood cultures or culture of the 
surgical specimen) resulted in Mycoplasma hominis in two cases, 
Streptococcus anginosus in one case and Aspergillus in one case, 

and cultures remained negative in the two remaining cases. 
Overall, four patients recovered fully, while two patients died 
from the complication.

In one of the reported cases, a brain abscess developed 
17 months after implantation of an intrathecal drug delivery 
device for severe cancer-related rectal and perineal pain in a 
man in his mid-70s with metastatic anal cancer, after abdom-
inoperineal resection, chemotherapy and radiation therapy.36 
The implanted device might have been contaminated and 
thereby might have contributed to the development of the 
abscess; however, a possible other cause included hematogenous 
spread of infection in a patient with chemotherapy-induced low 
immune response, indicating an uncertain causality between the 
neuraxial procedure and the development of a brain abscess.

DISCUSSION
We analyzed the literature of intracranial hematomas and 
abscesses after neuraxial block and identified 291 cases of hema-
toma and 6 cases of abscess or empyema.

Intracranial hematomas were reported predominantly after 
puncture of the dura mater in relatively young and healthy 
women receiving neuraxial block for obstetric indications. 
Besides obstetric patients, intracranial hematoma was reported 
in diverse patient populations, including patients treated with a 
spinal catheter for aneurysm repair or with neuraxial block for 
surgical indications or pain management.

Virtually every patient with an intracranial hematoma reported 
headache. In the majority of patients in this series, a dural punc-
ture had taken place, either intended (eg, spinal anesthesia) or 
unintended (eg, spinal tap when attempting to place an epidural 
catheter). Within this review, many patients reported symp-
toms compatible with PDPH. Typical characteristics of PDPH, 
described by the International Classification of Headache disor-
ders,25 are headache occurring within 5 days of a lumbar punc-
ture, remitting spontaneously within 2 weeks or after sealing of 
the leak with an autologous epidural lumbar patch, and usually 
(but not invariably) the headache is orthostatic. Studies that eval-
uated the time course of PDPH demonstrated that in approx-
imately 72%–95% of cases, the symptoms subsided within 
5–7 days.11 37 Our analysis of the literature showed a median 
time lapse between neuraxial block and first neurological symp-
toms of 5 days, indicating that a diagnosis of PDPH is unlikely 
at that point in time or that ongoing CSF leakage may have led 
to secondary complications, such as intracranial bleeding. Thus, 
when PDPH is prolonged for more than 5 days (and especially 
for more than 2 weeks), does not improve or worsens with clin-
ical treatment or after an EBP, if changes in pain occur from 
postural to non-postural, or if neurological signs or symptoms 
develop besides the headache, the occurrence of other causes of 
headache, for example, intracranial hematoma, should be consid-
ered.11 29 Neurological consultation and imaging studies are 
indicated at this point in the clinical course of falsely presumed 
PDPH, ideally before neurological symptoms occur, to prevent 
progression of underlying disease and delayed treatment. These 
findings are in line with previous studies assessing character-
istics of patients with intracranial hematoma and PDPH after 
neuraxial procedures in the obstetric population.6 9 33 Cuypers 
et al, accentuate that patients who develop a persistent headache 
after neuraxial procedures require careful follow-up, even in the 
absence of predisposing risk factors or an obvious dural punc-
ture.6 Also Lim et al emphasize the need for close monitoring of 
patients who have PDPH after neuraxial anesthesia for signs that 
could signal the evolution of intracranial hematoma, based on 

Table 2  Characteristics of patients with intracranial abscess 
associated with neuraxial block

Intracranial abscess: patient characteristics Total: 6 n

Age (years), median (IQR) 32.0 (24.3–65.3) 6

Sex (male, female), n (%) 1 (16.7), 5 (83.3) 6

ASA physical status, n (%) 4

 � Class 1 0 (0.0)

 � Class 2 3 (50.0)

 � Class 3 0 (0.0)

 � Class 4 1 (16.7)

 � Missing 2 (33.3)

Neuraxial technique 6

 � Spinal anesthesia 4 (66.7)

 � Epidural catheter 1 (16.7)

 � Spinal catheter 1 (16.7)

Report of complicated puncture 2

 � No difficult puncture 2 (33.3)

 � Missing 4 (66.7)

Procedure 6

 � Obstetric: cesarian section 4 (66.7)

 � Pain management 1 (16.7)

 � Minor orthopedic 1 (16.7)

Time point of complication* 6

 � During puncture 0 (0.0)

 � During treatment 1 (16.7)

 � After removal of catheter 1 (16.7)

 � After spinal anesthesia 4 (66.7)

Symptoms

 � Pain (headache/neck pain) (present, absent, missing) 5 (83.3), 1 (16.7), 0 (0.0) 6

 � PDPH (present, absent, missing) 2 (33.3), 1 (16.7), 3 (50.0) 3

 � Seizures (present, absent, missing) 1 (16.7), 2 (33.3), 3 (50.0) 3

 � Aphasia/dysarthria (present, absent, missing) 1 (16.7), 1 (16.7), 4 (66.7) 2

 � Visual disturbance (present, absent, missing) 1 (16.7), 2 (33.3), 3 (50.0) 3

 � Vomiting/nausea/dizziness (present, absent, missing) 0 (0.0), 2 (33.3), 4 (66.7) 2

 � Drowsy/disorientation (present, absent, missing) 1 (16.7), 1 (16.7), 4 (66.7) 2

 � Fever (present, absent, missing) 5 (83.3), 0 (0.0), 1 (16.7) 5

Treatment, n (%) 6

 � Conservative 2 (33.3)

 � Neurosurgical decompression 4 (66.7)

Recovery after treatment, n (%) 6

 � Full recovery 4 (66.7)

 � Delayed but full recovery 0 (0.0)

 � Partial recovery 0 (0.0)

 � No recovery 0 (0.0)

 � Death 2 (33.3)

*‘During puncture’: symptoms during/directly after puncture, including epidural analgesia, 
SCS, continuous spinal anesthesia (spinal catheter) and failed regional techniques; ‘during 
drug administration’: when drugs were administered through a catheter or treatment with 
SCS was ongoing; ‘after removal of catheter’: if catheter or SCS was removed.
ASA, American Society of Anesthesiologists; n, cases with available data on specific 
parameter; PDPH, postdural puncture headache; SCS, spinal cord stimulator.
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their case series of 11 patients with subdural hematomas asso-
ciated with the use of labor epidural analgesia over 7 years at a 
tertiary care hospital.33 Interestingly, in their series, most cases of 
subdural hematoma did not manifest with significant additional 
neurological changes beyond typical clinical symptoms of PDPH 
(10 of 11 patients), which differs from our results describing 
sensory disturbances or motor deficit in 17% and 27%, respec-
tively, and a disturbed GCS in 21% of patients. A possible 
explanation for the higher number of patients presenting with 
neurological deficits in our literature review could be reporting 
bias; it may be more interesting to report severe complications as 
opposed to patients with mild symptoms and positive outcome. 
In general, PDPH may be associated with substantially increased 
risks of major neurological complications and other maternal 
complications in obstetric patients, underscoring the need for 
early recognition, treatment and follow-up of patients with 
PDPH.9 Intracranial abscess after neuraxial block seems to be 
very seldom and is hardly ever reported in literature. It is impos-
sible to yield any conclusion based on the limited data.

Pathophysiology
The pathophysiology of intracranial hematoma is based on cranio-
spinal hypotension due to CSF leakage from the dural puncture site, 
which—if severe—may lead to a caudal shift of the brain, causing 
bridging veins to tear.6 As discussed earlier, ongoing CSF leakage 
without sealing of the leak with an autologous epidural lumbar 
blood patch may lead to intracranial hematoma. Furthermore, 
another possibility is that intracranial bleeding occurred regardless 
of CSF leakage, or the diagnosis PDPH was falsely presumed and 
intracranial hematoma was present in the first place. The use of an 
EBP for suspected ongoing CSF leakage can be effective, however, 
in the presence of confirmed intracranial hematoma, this may lead 
to increased intracranial pressure with further deterioration as a 
result. Epidural blood patching in the presence of confirmed cranial 
hematomas should therefore be used cautiously and only after 
consultation with a neurologist or neurosurgeon.

Of note, the incidence of unrecognized dural puncture at the 
time of epidural procedures is considerable, with reported rates 
of occurrence between 10% and 36%.38 39 CSF leakage and subse-
quent PDPH or intracranial hematoma can occur after puncture 
with larger needles used for placement of epidural or spinal cath-
eters, but also after puncture with smaller/thin needles used for 
spinal anesthesia. Other factors that may increase bleeding risk 
are pre-existing cranial vascular anomalies such as aneurysms or 
arterial venous malformations,16 40 cerebral venous thrombosis, 
hypertension, brain tumors, coagulation disorders, hematolog-
ical disorders, or anticoagulant and thrombolytic therapy.41

In general, intracranial hematoma seems to be more common in 
pregnancy and during the direct postpartum period than in non-
pregnant women of comparable age.42 43 This may be related to 
an increased circulating volume, presence of pre-existing cranial 
vascular anomalies, coagulopathy or hypertensive disorders such 
as preexisting hypertension and pre-eclampsia/eclampsia.42–44 
The effect of a neuraxial block on the risk of intracranial bleeding 
in pregnant or direct postpartum women is unknown.

The pathophysiology of intracranial abscesses or empyema 
after neuraxial block seems to originate from meningitis, which 
progresses to (mostly subdural) empyema or brain abscesses, 
or an infected hematoma that develops into an abscess. The 
infection can occur at the time of neuraxial procedure, or 
through contamination of the skin site and subsequent spread 
along a spinal or epidural catheter (by skin flora of the patient 
or in exceptional cases skin flora of a treating physician), by 

hematological spread or by intraluminal contamination via a 
polluted syringe or local anesthetic solution.45

Overall, a high level of suspicion for the potential relation-
ship between symptoms indicative of a complication and the 
previous neuraxial block should be present, as first symptoms 
may resemble alternative diagnoses (such as typical PDPH) and 
occur when patients are no longer under the care of an anesthe-
siologist or an acute pain service physician.5

Limitations
The retrospective character and selective reporting of case 
reports and case series resulted in multiple limitations. For 
instance, lack of detail in the reports was a major limitation, 
the quality of the included studies was low, and, as in accor-
dance with retrospective research, a high risk of publication 
bias, selection bias and under-reporting of complications is 
present. While acknowledging these limitations, we feel that 
the present analyses of aggregated reported cases can improve 
our understanding of the development of these rare but severe 
complications of neuraxial block.

Specifically, we noted that many reports described widely 
diverse aspects of the clinical course, treatment and outcome 
of intracranial hematoma or abscess leading to large quantities 
of missing data. This is in congruence with the findings of 
our previous literature review analyzing spinal hematoma and 
abscess after neuraxial block.5 No consensus appears to exist 
on the most important aspects of these severe complications. 
Again we want to suggest that registration of complications 
after neuraxial block and the reporting of cases should be 
compliant with a predefined format (see online supplemental 
file 2), to collect complete data allowing more accurate esti-
mates of incidence rates, prognostic factors and response to 
therapy.5

CONCLUSION
Intracranial hematoma is a rare but possible complication after 
neuraxial block and mainly occurs after puncture of the dura 
mater. The diagnosis intracranial hematoma is often missed 
initially, as the headache is presumed to be caused by the much 
more common cerebrospinal hypotension syndrome after 
dural CSF leakage. When the headache is prolonged for more 
than 5 days, does not improve, or worsens, with clinical treat-
ment or after EBP, changes from postural to non-postural, or 
if neurological symptoms develop besides the headache, alter-
native diagnoses should be considered warranting neurological 
consultation and imaging studies.
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