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Abstract

Background and aims: Central neuraxial blocks (CNB: 
epidural, spinal and their combinations) and other spinal 
pain procedures can cause serious harm to the spinal cord 
in patients on antihaemostatic drugs or who have other 
risk-factors for bleeding in the spinal canal. The purpose 
of this narrative review is to provide a practise advisory 
on how to reduce risk of spinal cord injury from spinal 
haematoma (SH) during CNBs and other spinal pain pro-
cedures. Scandinavian guidelines from 2010 are part of 
the background for this practise advisory.
Methods: We searched recent guidelines, PubMed 
(MEDLINE), SCOPUS and EMBASE for new and relevant 
randomised controlled trials (RCT), case-reports and orig-
inal articles concerning benefits of neuraxial blocks, risks 
of SH due to anti-haemostatic drugs, patient-related risk 

factors, especially renal impairment with delayed excre-
tion of antihaemostatic drugs, and specific risk factors 
related to the neuraxial pain procedures.
Results and recommendations: Epidural and spinal anal-
gesic techniques, as well as their combination provide 
superior analgesia and reduce the risk of postoperative 
and obstetric morbidity and mortality. Spinal pain pro-
cedure can be highly effective for cancer patients, less so 
for chronic non-cancer patients. We did not identify any 
RCT with SH as outcome. We evaluated risks and recom-
mend precautions for SH when patients are treated with 
antiplatelet, anticoagulant, or fibrinolytic drugs, when 
patients’ comorbidities may increase risks, and when 
procedure-specific risk factors are present. Inserting and 
withdrawing epidural catheters appear to have similar 
risks for initiating a SH. Invasive neuraxial pain proce-
dures, e.g. spinal cord stimulation, have higher risks of 
bleeding than traditional neuraxial blocks. We recom-
mend robust monitoring routines and treatment proto-
col to ensure early diagnosis and effective treatment of 
SH should this rare but potentially serious complication 
occur.
Conclusions: When neuraxial analgesia is considered for 
a patient on anti-haemostatic medication, with patient-
related, or procedure-related risk factors, the balance of 
benefits against risks of bleeding is decisive; when CNB are 
offered exclusively to patients who will have a reduction 
of postoperative morbidity and mortality, then a higher 
risk of bleeding may be accepted. Robust routines should 
ensure appropriate discontinuation of anti- haemostatic 
drugs and early detection and treatment of SH.
Implications: There is an on-going development of drugs 
for prevention of thromboembolic events following sur-
gery and childbirth. The present practise advisory pro-
vides up-to-date knowledge and experts’ experiences so 
that patients who will greatly benefit from neuraxial pain 
procedures and have increased risk of bleeding can safely 
benefit from these procedures. There are always individual 
factors for the clinician to evaluate and consider. Increas-
ingly it is necessary for the anaesthesia and analgesia 
provider to collaborate with specialists in haemostasis. 
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Surgeons and obstetricians must be equally well prepared 
to collaborate for the best outcome for their patients suf-
fering from acute or chronic pain. Optimal pain manage-
ment is a prerequisite for enhanced recovery after surgery, 
but there is a multitude of additional concerns, such as 
early mobilisation, early oral feeding and ileus prevention 
that surgeons and anaesthesia providers need to optimise 
for the best outcome and least risk of complications.

Keywords: epidural analgesia; spinal analgesia; spinal 
haematoma; anticoagulants; platelet inhibitors; practise 
advisory; postoperative complications.

1   Introduction
Bleeding into the spinal canal caused by central neuraxial 
blocks (CNB), i.e. spinal or epidural analgesia procedures, 
are rare but potentially tragic complications that may 
result in permanent paraplegia and urinary and/or rectal 
incontinence. The occurrence varies enormously with the 
presence or absence of risk factors [1, 2]. Experienced cli-
nicians from the Scandinavian Society of Anaesthesiol-
ogy and Intensive Care Medicine (SSAI) published in 2010 
common Nordic guidelines on how to minimise the risk of 
spinal haematoma (SH) from CNBs for pain relief during 
and after major surgery or childbirth [1]. Randomised 
controlled trials (RCT) with a rare occurrence such as 
SH as primary outcome do not exist. Therefore, guide-
lines in this area are mainly based on knowledge of drugs 
that increase the risk of bleeding. There are, however, a 
number of other risk factors related to CNB procedures, 
how they are performed and monitored, and on patients’ 
comorbidities [2].

The present review is a stand-alone practise advisory 
as defined by the American Society of Anesthesiologists 
in 2017: “Practise advisories summarise the state of the 
literature and report opinions obtained from expert con-
sultants … they are not supported by scientific literature 
to the same degree as standards or guidelines because of 
the lack of sufficient numbers of adequately controlled 
studies” [3].

Four experts of the 2010 publication and three new 
experts developed the present practise advisory. There-
fore, this practise advisory, while in part based on the 
2010  Nordic guidelines [1], differs as we updated evi-
dence of benefits from CNBs that supports the practise 
of offering a CNB despite increased risk of bleeding. This 
practise advisory is also based on more experience with 
antihaemostatic drugs that were new or introduced after 
2010 [4]. There is new knowledge about monitoring of 

antihaemostatic drugs [5], and new insight in risk factors, 
treatment and outcome of this rare complication from a 
recent analysis of published case reports of SH [2, 6].

2   Methods
Literature search
We searched PubMed (MEDLINE), SCOPUS and EMBASE 
for RCT comparing the occurrence of SH as primary 
outcome in patients having CNB with or without anti-
haemostatic drugs. We found none. We searched recently 
updated guidelines from authoritative institutions, and 
selected three for close scrutiny of any new evidence 
[7–9].

Analysing published case reports of SH
As there is no RCT-based evidence, our senior author, 
Michael Lagerkranser, published separately a large review 
on risk factors for post-CNB SH based on 166 case reports 
published since 1994 by searching PubMed and EMBASE 
[2, 6]. The findings of his reports are included in the 
present practise advisory document.

Methods for estimating disturbed haemostasis
Christian Fenger-Eriksen summarised monitoring of new 
anticoagulants [4]. Owain Thomas ensured expertise in 
novel, advanced laboratory tests of haemostasis, as well 
as on standard tests, with his PhD-thesis monograph 
summarising several years of research and comprehen-
sive literature search on haemostatic safety in epidural 
analgesia [5].

3   Results and recommendations
Therefore, based on the expert consensus document from 
2010 [1], new knowledge and experts’ experiences since 
then, we emphasise benefits of well performed and moni-
tored CNBs, and we emphasise that the degree of ben-
efits expected from a CNB will determine how high risk 
of SH may be accepted. We evaluated three categories of 
risk factors for SH, i.e. antihaemostatic drugs, patients’ 
comorbidities and specific risk factors of different spinal 
and epidural pain management procedures. We discuss 
and indicate safe practise of various spinal pain man-
agement procedures, emphasising importance of solid 
regimens of monitoring for early signs of SH and rou-
tines for how to handle these rare and potentially serious 
complications.
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3.1   Benefits on postoperative morbidity, 
postoperative mortality and on obstetric 
outcome from central neuraxial acute 
pain management procedures

The present practise advisory would be redundant if no 
benefit for patients’ outcome would result from CNB. 
Any increased risk of bleeding would then exclude CNB 
as alternative to general anaesthesia (GA) or peripheral 
local anaesthetic techniques [1]. If, however, we expect 
reduced risk of serious postoperative complications by 
administering a CNB, we can accept some increased 
risk of SH. It is mandatory that resources are available 
for monitoring and that routines are in place for detec-
tion of early signs and treatment of SH (see Section 3.5.) 
[1, 6].

The strength of the indication for a CNB determines 
the degree of increased risk that may be accepted [1]:

Weak indication means that a CNB will provide better 
comfort and less pain after surgery; no or only low risk of 
SH may be accepted. Strong indication means that a CNB 
will cause less postoperative morbidities than GA; higher 
risks for SH may be accepted. Vital indication means that 
a CNB will reduce mortality compared with GA; relatively 
high risks of SH may be accepted, Table 1.

3.1.1   30-day Mortality after surgery is reduced with 
spinal and epidural analgesia

Studies based on “big data” [11, 12], systematic reviews 
[13–15], as well as prospective observational studies 
[16], document reduced 30-days mortality with a CNB 
alone or in combination with GA, compared with GA 
alone. Anaesthesia- related maternal mortality is reduced 

with CNBs compared with GA for operative obstetric 
 procedures,  caesarean section in particular [15].

3.1.2   Perioperative morbidity is reduced with thoracic 
epidural analgesia

The 2014  systematic review by Pöpping and co-workers 
[14] confirms reviews in 2000 [13] and 2010 [1] that epi-
dural alone, or combined with GA during surgery, and fol-
lowed by postoperative epidural analgesia, reduces risks 
for supraventricular tachycardia, deep venous-throm-
bosis, atelectasis, pneumonia, respiratory failure, para-
lytic ileus and postoperative nausea and vomiting when 
compared with GA followed by pharmacological post-
operative analgesia. According to an enhanced recovery 
after surgery (ERAS) programme for open gastrointestinal 
surgery, thoracic epidural analgesia provides better post-
operative analgesia and accelerates recovery of gastroin-
testinal functions [17].

3.1.3   Benefits of neuraxial blocks for outcome of vaginal 
delivery and caesarean-section

Thoraco-lumbar epidural and combined spinal-epidural 
(CSE) most effectively relieve severe obstetric pain and 
appear to reduce the risk of persistent pain after C-sec-
tion and postpartum depression [18]. Spinal or epidural 
anaesthesia are accepted as standard of care for caesarean 
section (In the USA: cesarean delivery), reducing maternal 
mortality as a rare but feared complication of GA for cae-
sarean section [15].

Importantly; a low dose adrenaline (2 μg/mL) added 
to the epidural infusion does not impair uterine con-
tractions, nor placental perfusion, because much larger 

Table 1: Acceptable number of platelets or levels of INR at different levels of benefit from neuraxial blocks (experts’ opinions) [1].

Type of CNB

  Potential benefit of central neuraxial blocks (CNB)a,b,c

Single shot spinal anaesthesia 
 

Epidural analgesia

Indication for CNB Weaka 
indication

  Strongb 
indication

  Vitalc 
indication

Weaka 
indication

  Strongb 
indication

  Vitalc 
indication

Platelet count × 109 L−1 (normal 150–350)   >100  >50  >30  >100  >80  >50
INR (normal = 0.9–1.2)   ≤1.4  <1.8  <2.2  ≤1.2  <1.6  <1.8

INR = international normalised ratio.
Stratification of indication for CNB in patients with increased risk of a spinal haematoma (see text Section 3.1.).
aA CNB provides better comfort and less pain after surgery; only low risk of SH accepted. 
bA CNB causes less postoperative morbidities compared with GA; higher risks for SH accepted.
cA CNB reduces mortality compared with general anaesthesia; relatively high risks of SH accepted [10].
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epidural adrenaline doses (80–100 μg) had no effect on 
utero-placental or foetal circulation, nor on foetal cardiac 
function during caesarean section [19, 20].

Adrenaline in the epidural infusion reduces serum 
fentanyl concentration in the parturient [21], reducing 
fentanyl-exposure of the foetus. Fentanyl in the new-born 
baby may be unfavourable for mother-baby interactions 
and bonding – for background see Leffert et al. [15].

3.1.4   Requirements for maximal benefits from an optimal 
and safe thoracic epidural analgesia for thoracic 
and major abdominal surgery

For the benefits mentioned in Sections 3.1.1–3.1.3 to be 
true, a  thoracic epidural or spinal analgesic procedure 
must be performed and monitored well.

This is a challenge, as technically and procedurally 
failed epidurals range from less than 5 to above 50% [14, 
22]. A failed epidural is mostly due to catheter problems, 
e.g. it is placed segmentally too low, or too high, its tip 
is located in a dural nerve root sleeve on one side, it is 
removed too early or accidentally. The catheter can acci-
dentally move through a weak area of the dura mater to 
the subdural space [23]. Wrong drug, or inappropriate 
composition of the drug(s) injected through the cathe-
ter, catheter-tract infection, dural puncture or dural tear 
causing positional postdural puncture headaches are sig-
nificant complications.

The most serious complications are haematoma [2, 
6], or abscess [3]: it is a double tragedy when the patient 
experiences a failed epidural with no pain-relief, at the 
same time as having a damaged spinal cord from a hae-
matoma or an abscess in the spinal canal.

3.1.4.1   Correct segmental catheter placement, 
maintenance and monitoring

Attention is required to every detail of the procedure: strict 
hygienic practise [3], placing and maintaining the epi-
dural catheter in an appropriate thoracic segmental level 
[22, 23], and continuous and vigilant monitoring of effects 
and of early signs of any complications, continued until 
after a well-planned procedure for weaning and removal 
of the epidural catheter [1, 6, 22, 23].

3.1.4.2   Epidural infusion containing three additive  
spinal cord pain-relieving drugs

The infused mixture should contain a local anaesthetic 
(e.g. bupivacaine) and a lipophilic opioid (e.g. fentanyl) 

that easily penetrate to the cerebro-spinal-fluid (CSF) and 
act on spinal nerve roots and spinal cord synapses. They 
have different mechanisms of spinal cord analgesia (volt-
age-gated Na1.7-channel block, opioid-receptor-agonist) 
and therefore synergize so that the total dose of each drug 
can be reduced, thereby reducing systemic absorption 
from the epidural space and dose-related systemic side 
effects [21–27].

Morphine is much less lipophilic than fentanyl, pene-
trates more slowly from the epidural space to the CSF, and 
morphine is therefore more absorbed into the systemic cir-
culation to give supra-spinal or systemic side effects, such 
as sedation, respiratory depression, nausea, vomiting, 
pruritus, constipation, urinary retention. The morphine 
that does reach the CSF will be distributed with the flow of 
CSF more widely to more spinal cord segments compared 
with fentanyl or sufentanil. Therefore, the spinal analge-
sic effect of morphine depends less on correct segmen-
tal epidural catheter positioning than lipophilic opioids 
that are rapidly absorbed from the CSF into the spinal 
cord. However, if infused with a local anaesthetic, correct 
segmental application is still mandatory for a morphine- 
containing solution.

An α2-receptor agonist (e.g. clonidine, dexme-
detomidine, adrenaline) has another specific analgesic 
mechanism at the dorsal horn of the spinal cord. This 
will additionally synergize with the local anaesthetic 
and the opioid, further reducing the necessary doses 
of these drugs and their dose-related side effects. Clo-
nidine and dexmedetomidine are potent analgesics but 
cause sedation and hypotension. Adrenaline at 2 μg/mL 
is equally effective as an analgesic at the spinal cord 
and does not cause sedation or blood-pressure changes 
[22–27].

3.1.4.3   Adrenaline in an epidural infusion may reduce 
risk of spinal bleeding

Adrenaline’s α1-receptor agonist-effects may reduce risk 
of bleeding via two mechanisms:
1. It activates platelets via a G-protein coupled receptor 

that increases platelet adhesion, re-enforcing the 
first phase of haemostasis [28].

2. It causes vasoconstriction in the epidural space, 
but not in the subarachnoid space [22–24]. Vasocon-
striction in the epidural space may reduce the risk of 
vascular injury [29], systemic absorption and systemic 
side effects of fentanyl [21–23]. The dose of local anaes-
thetic needed for analgesia is reduced and also the risk 
of motor nerve block and leg weakness [22, 23].
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An epidural solution containing adrenaline 2 μg/mL, fen-
tanyl 2 μg/mL and bupivacaine 1 mg/mL, stabilized with 
disodium edetate, is stable for several months at 2–8 °C, 
and at least for 7  days at room temperature without the 
addition of antioxidant sulphites that may be neurotoxic 
and allergenic [30].

Because of these beneficial pharmacological effects 
and interactions, an adrenaline-containing thoracic epi-
dural solution should be considered from the first injec-
tion through the epidural needle [29] and the infusion 
continued until withdrawal of the epidural catheter.

Bolus injection or continuous infusion of epidural 
 analgesic mixture?
In his doctoral thesis, Geir Niemi documented that the 
rate of epidural infusion determines the degree of seg-
mental distribution, whereas a bolus injection will deepen 
the analgesia [23].

3.1.4.4   Why not lumbar epidural infusion?
Note that in low lumbar epidural infusion (below L2 and 
below the spinal cord) the specific spinal cord analgesic 
mechanisms of the local anaesthetic, the lipophilic opioid 
and adrenaline will be lost [1, 22]. A low lumbar infusion 
with a local anaesthetic will cause nerve-root motor nerve 
blockade, causing leg paresis or paralysis. Therefore, leg-
weakness will not be an early sign of a developing SH 
during an on-going lumbar epidural [1, 22].

A thoracic epidural with local anaesthetic will cause 
coronary artery dilatation, increased myocardial oxygen 
supply/demand ratio, reduced risk of postoperative myo-
cardial ischaemic events and improved postoperative 
lung functions [1]. None of these beneficial effects of a 
thoracic epidural will occur during a lumbar epidural 
infusion. Due to a vasodilatation in the lower parts of 
the body from a lumbar epidural, an unfavourable com-
pensatory vasoconstriction may even result in coronary 
arteries [1].

3.2   Identifying and reducing risk factors 
for SH and spinal cord damage

Thorough knowledge of risk factors is necessary to be able 
to reduce the incidence of complications and increase 
haemostatic safety in epidural analgesia. The risk factors 
may be related to anti-haemostatic drugs (Section 3.2.1), to 
patients’ co-morbidities (Section 3.2.2) and to the epidural 
and spinal pain procedures (Section 3.2.3).

3.2.1   Risk factors related to antihaemostatic drugs

There are three main categories of anti-haemostatic 
drugs: (1) platelet inhibitors, interfering with platelet-
plug formation (first stage of haemostasis), (2) antico-
agulants, interfering with formation of the coagulum 
(second stage of haemostasis) and (3) fibrinolytics, 
interfering with formation of the final clot (third and final 
stage of haemostasis).

Monitoring of haemostasis with standard tests
These include platelet count (PLT), activated partial 
thromboplastin time (aPTT), international normalised 
ratio (INR). In the 2010  Nordic guidelines [1], the per-
missible limits for INR and PLT varied depending on the 
strength of indication for CNB, and technique used. We 
agree with those limits as seen in Table 1.

Monitoring of haemostasis with advanced  haemostatic 
tests
Viscoelastic tests, like thromboelastography (ROTEM®), 
or thromboelastometry (TEG®), have been extensively 
evaluated in liver disease [31] and for hepatic [31] and 
cardiac surgery [32]. Thomas [5] and Thomas et al. [33] 
studied safe epidural catheter removal with advanced 
haemostatic viscoelastic tests and found the tests not 
well validated in this context; there are frequent false 
negative (apparently normal) test results. However, 
a clearly abnormal TEG® or ROTEM® curve indicates 
deranged haemostasis, and must be taken seriously [5, 
34].

Factor Xa activity can be measured, and where avail-
able, can be an important help in evaluating bleeding risk 
from factor Xa inhibitors (Table 2b).

Safe time intervals between preceding and  subsequent 
dose of antihaemostatic drugs and CNB
Tables 3–6 indicate recommended time intervals between 
last dose and a CNB-procedure, including manipulation or 
removal of an epidural catheter, and next dose following 
a CNB-procedure. Given the individual pharmacokinetic 
variability and individual comorbidities, these recom-
mendations may reduce but cannot eliminate the risk of 
spinal bleeding [2].

It is also important to weigh the risk of bleeding 
against the risk of recurrent thromboembolic events 
when a dose of an anti-thrombotic medication is delayed 
or discontinued. Therefore the recommended time inter-
vals in Tables  3–6 should not be exceeded other than 
for specific reasons, especially conditions that prolong 
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Table 2: Properties of antihaemostatic drugs. Drugs added since 2010 in bold.

Class/drug   Antihaemostatic 
target factor

  Antihaemo-
static 
effecta

  Time to 
peak effect

  Plasma  
half-life

  Renal 
elimination

  Time to 50% 
recovery of 
platelet function

  Monitoring  Reversal and 
treatment

a. Platelet inhibitors
Dipyridamol   Phosphodiesterase 

inhibitor, reversible
  (+)   2–3 h   2–3 h   (+)   1 day   Platelet 

count 
(PLT) and 
Platelet 
function 
analysers

  Symptomatic

Acetyl salicylic 
acid (ASA, low 
dose)

  COX-1 irreversible   +   ~1 h   0.5 hb   +   3 days   Desmopressin +  
tranexamic acid

NSAIDs (non-
selective)

  COX-1 reversible   +   Varies   See Table 3b  +   Varies   Desmopressin +  
tranexamic acid

Clopidogrel 
Prasugrel

  ADPr, irreversible   ++   4 h–4 daysc   1–2 hb   ++   3 days   Desmopressind +  
tranexamic acid, 
Platelet transfusionf

  ADPr, irreversible   +++   1 h   2 hb   ++   6 days
Ticagrelor   ADPr, reversible   ++++   2.5 h   7–8.5 he   0   3 days
Abciximab 
Eptifibatide

  GPIIb/IIIa   ++++   2 h   10–30 min   0   24–48 h   Platelet transfusionf

  GPIIb/IIIa   ++++   2 h   2.5 h   ++   4 h     Platelet transfusionf

Tirofiban   GPIIb/IIIa   ++++   2 h   2 h   ++   4–8 h     Platelet transfusionf

NSAID = non-steroidal anti-inflammatory drug; COX = cyclo-oxygenase; ADPr = adenosine diphosphate receptor; GP = glycoprotein.
aRating of antihaemostatic effect and renal elimination: (+) = insignificant; + = low; ++ = moderate; +++ = pronounced; ++++ = high.
bDuration of antihaemostatic effects of irreversible inhibitors is more dependent on platelet regeneration than drug half-life.
cFour hours with loading dose (300 mg), up to 4 days with regular dose (75 mg).
dDesmopressin has some effect on clopidogrel, but no demonstrated effect on the other ADP-r inhibitors.
eSeven hours for the parent compound and 8.5 h for the active metabolite (AR-C124910XX).
fTransfused platelets are inhibited by residual drug in the plasma.

Class/drug   Target factor(s)  
 

Antihaemostatic effecta   Time to 
peak effect

  Plasma 
half-life

  Renal 
elimination

  Monitoring   Reversal and 
treatment

Prophylactic 
dose

  Therapeutic 
dose

b. Anticoagulants
Parenteral
 Heparin (i.v.)   II and Xa (1/1)   ++    ++ +    <30 min   1–2 h   +   aPTT   Protamine
 Dalteparin   II and Xa (1/3)   ++    ++ +    3–4 h   4 h   +   Anti Xa activity   Protamine
 Enoxaparin   II and Xa (1/3)   ++    ++ +    3–4 h   4–7 hb   ++    Anti Xa activity   Protamine
 Tinzaparin   II and Xa (1/3)   ++    ++ +    3–4 h   4 h   +   Anti Xa activity   Protamine
 Fondaparinux   Xa and ATIII   ++    ++ +    2–3 h   17–20 hb   ++ +    Anti Xa activity   –
Oral
 Dabigatran   IIa (Thrombin)   ++    ++ +    0.5–2 h   14–28 hb   ++ + +    Hemoclotc   Idarucizumab, 

PCCd

 Rivaroxaban   Xa   ++    +++   2–4 h   8–10 hb   ++    Anti Xa activityc   PCCe

 Apixaban   Xa   ++    +++   3–4 h   15–19 hb   +   Anti Xa activityc   PCCe

 Edoxaban   Xa   ++    +++   1–2 h   10–17 hb   ++   Anti Xa activityc   PCCe

  Vitamin K 
antagonist 
(warfarin)

  II, VII, IX and X   ++ at INR ≤ 3   5 days   Vary   0f   INR   PCC or Vitamin K
    ++ + at INR > 3–6          
    ++ + + at INR > 6          

aPTT = activated partial thrombin time; INR = international normalised ratio; PCC = prothrombin complex concentrate.
aRating of antihaemostatic effect and renal elimination: + = low; ++ = moderate; +++ = pronounced; ++++ = high.
bDepending on kidney function.
cPlasma concentrations can be measured directly.
dIdarucizumab (Praxbind®) is a specific antidote to dabigatran and first hand choice if reversal is required. If unavailable, PCC is second 
hand choice.
eThe specific antidote to direct oral Xa-inibitors, andexanet alfa, is more effective than PCC, but not yet available for clinical use (Feb 2018).
fDespite warfarin’s renal independency, patients with renal impairment may need dose reduction to achieve therapeutic level (INR 2–3).
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drug elimination, such as impaired renal function 
(Tables 2 and 5, see Section 3.2.2. about risk factors related 
to patient-comorbidities).

Pharmacodynamics and pharmacokinetics of 
 antihaemostatic drugs
Most guidelines are founded on knowledge of the phar-
macology of antihaemostatic drugs, in particular onset-
time and rate of elimination [1, 7–9]. Important aspects 
of their pharmacology are summarised in Table 2. The 
risk of bleeding increases when antihaemostatic drugs 
with different mechanisms of action are combined, e.g. 
LMWH or a NOAC and an NSAID. Reduced renal func-
tion delays excretion of several antihaemostatic drugs. 
This is often seen in elderly patients without overt renal 
disease (when evaluated by serum creatinine concentra-
tion), especially in the postoperative period (see Section 
3.2.2.) [35].

3.2.1.1   Platelet inhibitors (Tables 2a, 3, 4)
These comprise COX-1 inhibitors, such as acetylsalicylic 
acid (ASA) and the non-selective NSAIDs (both COX-1 and 
COX-2 inhibitors), adenosine diphosphate (ADP)-receptor 
inhibitors and the more potent and short-acting antiplate-
let GPIIb/IIIa inhibitors used during invasive cardiovascu-
lar procedures.

Table 3: Recommendations for platelet inhibitors. New recommendations since 2010 in bold.

Antiplatelet drugs  
 

Recommended minimum time interval

Phosphodiesterase inhibitor From last dose of drug to CNB 
or to catheter manipulation

  From CNB or catheter manipulation 
to next dose of drug (see Table 4)

Dipyridamole (secondary prevention 
of stroke or TIA)

  12 h for traditional CNB   Resume as soon as possible after 
CNB or surgery  Stop for 2 days before high-risk 

procedures – see [8]
Cyclo-oxygenase inhibitors
  ASA and combinations for secondary 

prevention after stroke, TIA, or 
coronary disease

  12 ha,b   Resume as soon as possible after 
CNB or surgery

 ASA for other purposes   7 days   24 h
 NSAID   Drug dependent, see Table 4   See Table 4c,d

ADP-receptor inhibitors
 Clopidogrel 75 mg/day   5 days   After catheter removal (After 

300 mg bolus 24 h later)
 Prasugrel   7 days   24 h
 Ticagrelol   5 days   24 h
GPIIb/IIIa inhibitors
 Abciximab   48 h   24 h
 Eptifibatide   12 h   24 h
 Tirofiban   12 h   24 h

TIA = transitory ischaemic attack.
aIncreased risk of bleeding also after 12 h if there are other risk factors, e.g. other antihaemostatic drug(s), spinal stenosis, high-risk 
 procedures (spinal cord stimulator, intrathecal catheter, epiduroscopy, “bloody tap”). However, in patients on secondary prevention this 
risk of bleeding is outweighed by the risk of recurrent cardiovascular events. Careful risk/benefit evaluation is necessary.
bNo interval necessary in emergency cases.
cIf paracetamol gives inadequate analgesia after epidural catheter removal, a supplementary NSAID can be administered after 24 h.
dIn a patient with an indwelling epidural catheter and simultaneous LMWH or other antihaemostatic treatment, NSAIDs should be avoided.

Table 4: Half-lives and recommendations for discontinuation of 
some NSAIDs before surgery.

Drug   T½β  
 

Recommended time interval

From last 
dose to CNBa

  From CNB/cath 
removal to next dose

Diclofenac   1–2 h   12 h   24 h
Ibuprofen   2 h   12 h   24 h
Ketoprofen   2 h   12 h   24 h
Lornoxicam   4 h   24 h   24 h
Indomethacin   4.5 h   24 h   24 h
Ketorolac   4–6 h   24 h   24 h
Naproxen   10–17 h   48 h   24 h
Meloxicam   15–20 h   4 days   24 h
Piroxicam   10–70 h   2 weeks   24 h
Tenoxicam   72 h   2 weeks   24 h
COX-2 specific 
inhibitors

  Varies   No clinical effect on platelets, but can 
reduce kidney function [35]

aNo interval in emergency cases.
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Table 5: Recommendations for anticoagulants. New recommendations since 2010 in bold in the Table.

Antihaemostatic drugs  
 

Recommended minimum time interval

Heparins and fondaparinux From last dose of drug to CNB or catheter manipulation   From CNB or catheter 
manipulation to next dose of drug

UFH    
 ≤5,000 U (<70 U/kg)/day   4–6a h, normal aPTT and platelet countb   1 hc,d

 >5,000 U (>70–100 U/kg)/day   4–6a h, normal aPTT and platelet countb,c   6 h
 >100 U/kg/day   4–6a h, normal aPTT and platelet countb,c   6 hd, EDA the evening before?c,d

LMWH, for thromboprophylaxis   10–12 ha,e   2–6 hf

 Dalteparin ≤5,000 U/day    
 Enoxaparin ≤40 mg/day    
 Tinzaparin ≤5,000 U/day    
Higher doses   24 ha   2–6 hf

Fondaparinux   36 h   6 hf

≤2.5 mg/day    
NOACs
 Dabigatran   2–5 daysg,h,i   24 hk

 Rivaroxaban   2 daysg,i   24 hk

 Apixaban   2 daysg,i   24 hk

 Edoxaban   2 daysg,i   24 hk

Vitamin K antagonists
 Warfarin   (1–4 days, dose-dependent)j INR ≤1.4–2.2 – see Table 1   Restart after catheter removal

UFH = unfractionated heparin; LMWH = low molecular weight heparin; NOAC = non-vitamin K-antagonist oral anticoagulant.
aNon-elective cases with high risk of VTE (e.g. hip fractures) should have LMWH 2,500 U or 20 mg twice daily, and with a strong/vital indica-
tion, give SPA when ready for surgery. Non-elective obstetric procedures – see text-Section 3.3.2. and SOAP-statement [15].
bAfter 4–5 days of UFH: Do platelet counts to rule out heparin induced thrombocytopenia (HIT-II).
cIf vascular surgery requires intraoperative UFH >5,000 U, consider inserting the epidural catheter the evening before surgery.
d1–2 h after CNB, an iv dose of 50–100 U/kg is common practise during extracranial vascular surgery, but an increased risk of bleeding is 
possible.
eIn patients with renal impairment, LMWH, enoxaparin in particular, the interval should be longer, up to 24 h when renal impairment is severe.
fThe balance between risk of bleeding and thrombosis is optimal when the first dose is given 6 h after end of elective surgery in low-throm-
bogenic patients. Highly-thrombogenic patients: Major cancer surgery, prolonged surgery, very ill patients, age >75 years and parturients, 
may need preoperative start of thromboprophylaxis and restart of LMWH already 2 h after surgery or CNB [36]. See text-Section 3.3.2 with 
[93]. The 2018 – SOAP-statement recommends waiting 4 h [15].
gIn non-elective cases with strong indication for CNB (see Table 1), 24 h may be enough in patients with normal renal function, but a NOAC 
taken less than 24 h ago is contraindication for CNB.
hDepending on kidney function: 3 days at eGFR 50–80, 4 days at eGFR 30–50, dabigatran contraindicated if eGFR <30 mL/min/1.73 m2. 
 Consider determination of drug serum concentration, and, in case of critical bleeding, give idarucizumab (Praxbind®), 5 g iv.
iIn emergency cases, the interval can be reduced with 50% (24 h in most cases) provided the indication for CNB is at least strong.
jStart LMWH prophylaxis when INR <2.0 in patients at high risk of thromboembolism, e.g. mechanical mitral valve, aortic valve, recent 
thromboembolic episode.
kResumption of a NOAC is contraindicated during on-going thromboprophylaxis with LMWH or fondaparinux.

Table 6: Recommendations for fibrinolytics.

Fibrinolytic 
drug

 
 

Recommended minimum time interval

From last dose of drug to CNB 
or catheter manipulation

  From CNB or catheter manipulation to next dose of drug

Alteplase   48 ha   At least 2 h (?) if strong indication for fibrinolytics,
Reteplase   48 ha   but clots are not completely stabilized until about 10 days, and the risk of 

bleeding is probably increased if a thrombolytic drug is given within 10 days
Tenecteplase   48 ha   Do individual assessment based on risk/benefit analysis

aIf the indication for CNB is weak (see Table 1, text Section 3.1.), or epidural catheter removal is not urgent, wait for 48 h before a CNB or 
catheter manipulation. If the indication is strong or vital, decision is guided by risk/benefit considerations.
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Acetylsalicylic acid – ASA
ASA is no longer recommended for primary prevention of 
cardiovascular diseases [37]. Problems with major bleed-
ing outweigh possible benefits of prevention of myocar-
dial infarction (MI) and stroke by ASA [38–40].

Therefore, we distinguish between low dose ASA for 
secondary prevention of cardiovascular events when dis-
continuation can cause life threatening cardiovascular 
events, and ASA for other indications where ASA can be 
discontinued without risk of recurrent life threatening 
cardiovascular events.

ADP-receptor (P2Y12) inhibitors
Among the new antiplatelet drugs, our recommendation 
for discontinuation of the ADP-receptor inhibitor prasug-
rel is prolonged from 5 to 7 days based on a recovery trial 
from 2012, showing a slower platelet recovery with pras-
ugrel than with clopidogrel [41]. Since 2010 a new ADP-
receptor inhibitor, ticagrelor, has been introduced. This is 
a direct acting, reversible platelet inhibitor with a half-life 
at 7–9 h (Table 2a) [42]. It is more potent than the other oral 
platelet inhibitors. Most guidelines recommend 5 days ces-
sation of ticagrelor [7–9]. Another difference from 2010 [1] 
is that the present recommendations respect time to peak 
effect (Table 2a). With clopidogrel, this varies with dose; a 
loading dose of 300 mg reaches peak effect already after 
4 h [43], while this may take several days with the regular 
daily dose of 75 mg [44]. The time to peak effect is 1 h with 
prasugrel [43, 45], and 2–4 h with ticagrelor [42].

Non-selective NSAIDs
These are used in some countries as adjuncts to epidural 
analgesia in patients receiving thromboprophylaxis with 
LMWH [1]. However, several case-reports suggest that this 
combination has caused or contributed to SH after CNB 
[2]. Heller and Litz [44] concluded that the combination 
of heparin and NSAID was a possible explanation for the 
high incidence of SH in orthopaedic patients.

Low-dose ASA and non-selective NSAIDs have a rela-
tively small direct impact on platelets and haemostasis. 
However, they may aggravate an already impaired kidney 
function (see Section 3.2.2.).

COX-2 selective inhibitors
These have no direct effect on platelets, but the combina-
tion of COX-2 inhibitors and a restrictive fluid intake, as in 
some ERAS protocols, may aggravate a kidney injury [46]. 
These effects of NSAIDs may increase the bleeding risk by 
accumulation of LMWH, fondaparinux, NOACs and other 
drugs excreted by the kidneys (Table 2, Section 3.2.2.). 
Therefore, we recommend paracetamol, rather than 

NSAIDs and COX-2 inhibitors, as a first choice of adjunc-
tive non-opioid analgesic during epidural analgesia (see 
Table 3) [1, 8].

More strict recommendations for  discontinuation 
of NSAIDs and ASA before invasive spinal pain 
procedures
The 2010  Nordic guidelines were alone among guide-
lines published at that time in recommending non-selec-
tive NSAIDs to be discontinued before a CNB [1]. The 
2015-guidelines of ASRA, ESRA and four associated socie-
ties now include this recommendation for interventional 
spinal pain procedures [8]. The German guidelines from 
2016 recommend suspension of the evening dose before 
CNB [9].

We recommend the thorough discussion of ASA and 
NSAIDs in the 2015 review by the ASRA/ESRA-task-force 
[8]. We agree fully with their conclusions that these drugs 
can be risky in “high-risk spinal-procedures”, whereas 
in most patients with no other risk factors, their negative 
effects on haemostasis are probably minor [1, 8].

Increased risk of MI from non-selective NSAIDs and 
COX-2 inhibitors
The 2010 guidelines [1] stated: “All NSAIDs should be 
avoided if possible in patients with severe ischaemic heart 
disease, cerebrovascular and peripheral vascular dis-
eases…” and “even short-term, post-operative treatment 
with COX-2 inhibitors has been implicated in cardiovascu-
lar events” [1]. These statements were strengthened by a 
recent Bayesian meta-analysis of individual patient data 
of almost 450,000 patients documenting an increased risk 
of acute MI with exposure to ibuprofen, diclofenac, nap-
roxen and the COX-2  specific celecoxib. In patients with 
cardiovascular risk factors, the risk of MI associated with 
NSAID use may increase already during the first week of 
exposure [47].

Specific serotonin reuptake-inhibiting  antidepressant 
drugs (SSRI)
These drugs have some effect on platelet-aggregation 
[1, 8]. However, a recent observational study found no 
increased risk of bleeding during and after cardiac surgery 
in patients on SSRI or serotonin and noradrenaline uptake 
inhibitors (SSNRI) [48]. An SSRI in combination with ASA 
or an NSAID may have additive effects on platelets, but the 
clinical significance is uncertain [1].

Herbal medicinal and omega-3 enriched products
Some herbal medicinal and omega-3 enriched products 
have minor antihaemostatic effects, but there are no solid 
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data indicating a clinically significant antihaemostatic 
problem [1].

Potent and short-acting GPIIb/IIIa platelet-inhibitors 
used during invasive cardiovascular procedures
Should a CNB-procedure be needed after a cardiovascular 
procedure including one of these potent platelet inhibi-
tors, the required time from end of infusion to regained 
sufficient platelet function for haemostasis is decisive. 
These are shown in Table 2a, and recommended time 
intervals in Table 3. Patients on GPIIb/IIIa treatment 
should be managed in cooperation with the cardiologist 
or neurologist and a haemostasis specialist.

Recommendations (Tables 3 and 4)
 – For ASA we make two recommendations:

 – when ASA is used for secondary prevention: 12 h 
cessation prior to CNB or interventional spinal 
pain procedure, (same as the 2010 Nordic recom-
mendations [1]),

 – when ASA is used for other indications: 7  days 
cessation.

 – For clopidogrel, 75  mg/day: a cessation interval of 
5 days (as 2010 [1]).

 – For prasugrel the cessation interval is prolonged to 
7 days.

 – For ticagrelor the recommended cessation interval is 
5 days.

 – Clopidogrel 300 mg, prasugrel and ticagrelor may be 
resumed 24 h after catheter removal, provided normal 
haemostasis as evaluated by standard haemostatic 
tests (INR, aPTT, PLT).

 – For NSAIDs, cessation intervals varies with half-life, 
see Table 4. Same as 2010 [1].

 – In patients with on-going epidural analgesia and 
thromboprophylaxis, the administration of a non-
selective NSAID is contra-indicated.

 – If there are no major cardiovascular risks, NSAIDs 
can be administered 24  h after catheter removal 
(Table 4).

3.2.1.2  Anticoagulants
Anticoagulants affect one or more of the factors active in 
the coagulation processes.

Heparins
Heparins inhibit factor IIa (thrombin) and factor Xa, and 
are used for thromboprophylaxis, and in higher doses, for 
treatment of deep vein thrombosis and pulmonary embo-
lism (Table 2b).

Unfractionated heparin (UFH)
UFH is mostly used for treatment of deep vein thrombosis 
or pulmonary embolism, and it is still used during vascu-
lar surgery. After stopping an iv infusion for at least 4 h 
and the aPTT is normalised, a CNB can usually be per-
formed safely, provided there are no other risk factors. 
After a CNB-procedure it is safe to restart UFH 6 h later (for 
more details see Table 5 with footnotes) [1].

Low molecular weight heparins (LMWH)
For dalteparin, enoxaparin and tinzaparin in doses for 
thromboprophylaxis, a CNB procedure can start 10 h after 
last dose, for higher doses the interval should be 24 h (see 
Table 5 with footnotes for more details).

Vitamin K antagonist (VKA)
Warfarin has effects on several of the coagulation factors 
(II, VII, IX, X), and is monitored with the INR. In the 
Nordic countries, warfarin is used mainly for preven-
tion of thrombosis and cerebral embolization in patients 
with atrial fibrillations, but it is rapidly being replaced by 
NOACs – see below. The risk of bleeding is dose depend-
ent and can be estimated with the INR. Time interval from 
a last dose of warfarin until a CNB can be administered 
varies with dose and INR – see Tables 2b and 5.

Non-vitamin K-antagonist oral anti-coagulants (NOACs)
There are two pharmacological classes of NOACs: factor 
II – thrombin inhibitor (only dabigatran) and factor Xa 
inhibitors (rivaroxaban, apixaban and edoxaban). Because 
these NOACs act directly on factor II or factor Xa, they are 
often referred to as the direct acting oral anti-coagulants 
(DOACs). The 2015 guidelines from The European Heart 
Rhythm Association recommended that a NOAC should be 
used instead of a vitamin K antagonist for stroke preven-
tion in patients with non-valvular atrial fibrillation [49]. 
Dabigatran, rivaroxaban and apixaban are also licenced 
for postoperative thromboprophylaxis after total hip or 
knee arthroplasties. The NOACs have gained increasing 
popularity in the Nordic countries, and accounted for 
about 50% of prescribed oral anticoagulants in 2016.

NOACs have an advantage over warfarin since the risk 
of major haemorrhagic complications seems to be less: in 
meta-analyses over controlled trials, where additional risk 
factors have been well balanced, intracranial as well as 
fatal haemorrhage were significantly decreased [50–53], 
whereas the risk of gastro-intestinal haemorrhage was 
somewhat increased (with the exception of apixaban [52]).

There are three published cases of post-CNB SH where 
NOACs were implicated; one with dabigatran [54] and two 
with rivaroxaban [55, 56].
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The excretion of NOACs is dependent on renal func-
tion, although to a lesser degree with the factor Xa inhibi-
tors (25–35%) than with dabigatran (80%) [4] (Table 2, see 
effect of renal impairment, Section 3.2.2.).

Most guidelines [7, 9] recommend that NOACs should 
be discontinued for 2  days before a CNB, whereas the 
ASRA/ESRA guidelines recommend longer interval for 
higher risk interventional spinal pain procedures [8]. A 
prolonged interval with dabigatran in patients with renal 
impairment is necessary (Tables 2 and 5).

Specific antidotes for stopping bleeding caused by 
oral anticoagulants
A specific antidote to dabigatran, idarucizumab, was 
marketed in 2015. This is extremely efficient; dabigatran 
binds to idarucizumab with affinity that is more than 
350 times higher than that to thrombin [57]. A specific 
antidote to the factor Xa inhibitors, andexanet-alfa [58], 
awaits approval by FDA and European Medicine Agen-
cies. Until its release, prothrombin complex concentrate 
is recommended for reversal of the factor Xa inhibitors 
(Table 2b).

Whether specific antidotes should be administered 
to stop bleeding caused by oral anticoagulants depends 
on whether the site of bleeding is critical, major bleeding 
occurs, and in particular what the risks are for causing 
new cardiovascular events after discontinuation and 
reversal of oral anticoagulants [59].

Recommendations (Table 5)
 – For heparins (UFH and LMWH), fondaparinux and 

warfarin the recommendations for cessation before a 
CNB are shown in Table 5 (same as 2010 [1]).

 – See special recommendation for enoxaparin in renal 
failure in Section 3.2.2.

 – For NOACs the recommended secession time inter-
val is 2  days in haemostatically healthy individuals 
(Table 5). For dabigatran in patients with renal impair-
ment, the interval is prolonged up to 5 days (Table 5, 
see Section 3.2.2.).

 – Thromboprophylaxis with LMWH or fondaparinux 
can be initiated 6–12 h after end of surgery, during on-
going epidural analgesia.

 – Resuming or initiating administration of a NOAC is 
contraindicated during on-going epidural analgesia, 
and during thromboprophylaxis with LMWH or fon-
daparinux. Such treatment can be (re-)started earli-
est 24 h after catheter removal and/or termination of 
thromboprophylaxis, whichever comes last.

 – Recommendations for safe removal of epidural 
 catheter – see Section 3.4.

3.2.1.3  Fibrinolytics
Fibrinolysis is the third and final stage of haemostasis 
when the platelet-plug and coagulum successfully have 
stopped a bleeding episode; fibrinolysis remodels and 
adopts the coagulum to appropriate size and function. A 
clot may require up to 10 days to be fully stabilized [60].

Fibrinolytic drugs
These drugs are used in critical situations to open cere-
bral arteries clogged by an embolus of coagulated blood, 
and during interventions in coronary arteries and other 
vessels where potent but short-lived thrombolytic effects 
are necessary for successful outcome.

Recommendations (Table 6)
 – Initiation of a CNB-procedure within 48 h from admin-

istration of a fibrinolytic drug is contraindicated 
unless the indication for the CNB is strong or vital (see 
Section 3.1.).

 – Rarely, a patient with an indwelling epidural cath-
eter may urgently need thrombolytic intervention. It 
may be better to leave the catheter, continue with an 
adrenaline-containing infusion, and withdraw the 
catheter at a later time, preferably at least 48 h later 
(Table 6) [8].

Clots are not completely stabilized until several days after 
formation; therefore, there will be a significant risk of SH 
after removal of an epidural catheter and thrombolytic 
therapy after a short time. Firm recommendation is not 
possible; optimal timing depends on a careful risk/benefit 
consideration (risk of SH vs. need of urgent intervention) 
in each case. Vigilant observation for possible early signs 
and symptoms of a SH developing is obviously important.

3.2.2   Risk-factors related to patients’ co-morbidities

Inborn haemostatic disorders
Haemophilia A or B and von Willebrand’s disease are 
usually contraindications to CNB. A thorough risk/benefit 
analysis may occasionally justify a CNB in such patients. 
A specialist in haemostasis should be responsible for pro-
phylactic treatment with specific factor-concentrates.

Spinal disorders
Spinal stenosis and ankylosing spondylitis are overrep-
resented in published case reports of SH after CNB, as 
documented by Lagerkranser [2] and Horlocker [61]. Also, 
osteoporosis is pointed out as a risk factor in women in a 
large epidemiological study from Sweden [62].
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Renal impairment
Uraemia or end-stage-renal failure [glomerular filtration 
rate (GFR) ≤15  mL/min/1.73  m2] is associated with spon-
taneous haemorrhage, in part due to platelet dysfunction 
[63]. The aetiology is due to uraemic acid toxicity and 
overproduction of NO, both inhibiting platelet aggrega-
tion. Altered blood rheology also contributes (“shearing”) 
due to anaemia from reduced production of erythropoi-
etin [63]. Dialysis improves platelet function and reduces 
the risk of haemorrhage somewhat [63].

Among published cases with post-CNB SH; 10 of 166 
cases reported renal impairment [2], but only one of these 
had end-stage renal failure [64].

The risk of SH after CNBs is also increased in patients 
with moderate renal impairment because many com-
monly used antihaemostatic drugs are excreted by the 
kidneys (Table 2a and 2b). Apart from overt renal disease, 
decreased GFR is associated with complicated diabetes, 
and with hypertension [65]. There is further an age-related 
decrease in GFR that may be as much as 1.1 mL/min per 
year from 30  years of age [66]. Elderly (>65  years) also 
carry a higher risk of acquiring acute kidney injury in the 
postoperative period [35].

In the 1990s, an “epidemic” of epidural haematomas 
occurred foremost in elderly women after total knee or hip 
arthroplasty in the USA [67]. High-dose enoxaparin (30 mg 
twice daily) obviously contributed to those SHs. Enoxapa-
rin is more than other LMWHs dependent on renal excre-
tion (Table 2b) [68, 69]. In patients with renal impairment 
a normal dose for thrombo-prophylaxis will accumulate 
and increase risk of bleeding [69]. Concomitant adminis-
tration of NSAIDs, including coxibs, may aggravate renal 
impairment [35, 46], and further increase accumulation 
and the risk of bleeding. Perioperative fluid-restriction 
as part of ERAS-programme [46] may also increase risk of 
renal impairment in elderly patients [35]. Elderly patients 
should therefore not have NSAIDs or coxibs for postopera-
tive pain relief.

The kidneys excrete NOACs, especially dabigatran 
(Table 2b). The dose should be reduced in patients with 
moderately reduced kidney function, and in the elderly. 
The time interval of dabigatran before a CNB must be 
prolonged in patients with eGFR <80  mL/min/1.73  m2 
(Table 5). Dabigatran is contraindicated in patients with 
severe renal failure (GFR <30 mL/min/1.73 m2) [70].

Of the 10 cases with renal impairment mentioned 
above [2], all except the uraemic patient received anti-
haemostatic drugs, UFH or LMWH, and COX inhibitors. 
Notably, in none of these cases were guidelines clearly 
violated [2]. This indicates that guidelines need to be more 
strict in patients with renal impairment [2].

Estimate glomerular filtration rate (eGFR) in elderly 
patients on drugs excreted by the kidneys
An accurate indicator of renal function enables estima-
tion of the duration of the effects of anti-haemostatic drugs 
excreted by the kidneys. The absolute value of serum creati-
nine is not a reliable measure of GFR unless muscle-mass 
is normal for sex and age. For children and frail elderly 
patients, the best estimate is obtained from the muscle-
mass-independent cystatin C-based estimating equation. 
Further advice from the University of Lund, the origin of 
the cystatin C method (by Anders Grubb) (www.egfr.se):

“If the muscle mass of the patient deviates considerably from 
that of his/her age and sex category (e.g. because of paraly-
sis, immobility, anorexia, or excessive bodybuilding) or if the 
patient recently ingested boiled meat or a medicine affecting 
the tubular excretion of creatinine, a GFR-estimate based solely 
upon cystatin C should be used. If the patient is treated with 
glucocorticoids, synthesis of cystatin C is significantly increased 
and in this case a GFR-estimate based solely upon creatinine 
(with age and sex-corrections) should be used. In hyperthyroid-
ism the cystatin C level will increase and the creatinine level 
decrease without corresponding changes in GFR”.

Recommendations
 – Patients with end-stage renal failure (uraemic 

patients) (GFR < 15  mL/min/1.73  m2) should be man-
aged in collaboration with a nephrologist.

 – eGFR should be routinely calculated in patients with 
renal disease. Decreased renal function at the preop-
erative visit should be followed up postoperatively 
during on-going epidural analgesia. eGFR can be eas-
ily and automatically calculated on various Internet 
sites. We recommend www.egfr.se

 – If eGFR <80  mL/min/1.73  m2, dabigatran must be 
 discontinued from 3 up to 5 days, depending on the 
degree of renal impairment (Table 5, footnote  h). 
Dabigatran is contraindicated if eGFR is below 
30 mL/min/1.73 m2

 – In patients above 65 years on enoxaparin >40 mg/day 
eGFR based on cystatin C should be calculated before 
epidural catheter manipulations, even if serum creati-
nine is within normal limits.

 – If eGFR is below 30 mL/min/1.73 m2 in patients treated 
with enoxaparin a dose reduction, or a longer interval 
from an unadjusted dose, before catheter manipula-
tions should be considered.

Hepatic failure
The haemostatic pattern in hepatic failure is complex [34, 
71, 72]. All coagulation factors except FVIII are synthetized 
in the liver. Hepatic failure is therefore connected with 
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factor deficiencies, but also imbalance between produc-
tion and destruction of platelets, resulting in thrombocy-
topenia [73]. Reductions in both pro- and anti-coagulant 
factors seem to be able to balance each other, and platelet 
dysfunction is compensated, at least in part, by a con-
comitant increase in the von Willebrand factor [34, 72]. In 
patients with liver cirrhosis, the risk of systemic thrombo-
embolism can be greater than the risk of bleeding [34].

Among 166 cases of SH after CNB reported since 1994 
[2], there were four with liver disease (2.4%) after CNB for 
non-hepatic procedures, two with liver cirrhosis, one with 
chronic hepatitis, and one with alcohol dependent pan-
creatitis “with raised liver enzymes” [2]. In all those cases, 
no other tentatively contributing factor was reported [2].

A possible bleeding risk is better predicted by clini-
cal criteria than by standard laboratory tests (INR, PLT, 
aPPT), except possibly PLT <50 × 109/L [34, 72]. These 
standard laboratory tests, and especially PLT, are recom-
mended before CNB procedures and during on-going epi-
dural analgesia in patients with hepatic disease.

Liver resection is followed by a decline in PLT and 
a rise in INR during the first postoperative days, despite 
normal values preoperatively [73, 74]. Platelet transfu-
sion should be considered at PLT <50 × 109/L. Treatment 
should be governed by viscoelastic testing (VET), includ-
ing TEG® or rotational thromboelastometry (ROTEM®) [34, 
74, 75]. Fresh frozen plasma is not recommended.

Some liver-transplant units avoid CNB, while epi-
dural analgesia is used successfully in others, assisted 
by bedside standard coagulation tests and TEG®-curves, 
(John Hausken, Oslo University Hospital, personal 
communication).

Recommendations
 – A careful record of individual bleeding tendency and 

pre- and post-operative screening for PLT and INR are 
necessary measures. Table 1 indicates permissible lev-
els of these tests in various situations.

 – For surgical units without specialised experience and 
monitoring with VET, CNBs should usually be avoided 
in patients with significant liver failure [75].

3.2.3   Risk factors related to the CNB-procedures

3.2.3.1  Interventional spinal procedures for chronic pain
Strict guidelines for interventional spinal procedures for 
chronic pain were published 2015 by ASRA, ESRA and 
four other societies [8]. The procedures were classified 
with high, intermediate, or low risk for serious bleeding 
in the spinal canal:

High-risk procedures
These are associated with significantly increased risk for 
serious bleeding complications compared with traditional 
CNBs for anaesthesia or analgesia [8].

Spinal cord stimulation (SCS) with percutaneous 
implantation and removal of SCS-leads involves feeding a 
thick and stiff electrode into the epidural space through a 
large bore, long-bevelled needle. There are four published 
case-reports of SH after SCS, three of which occurred 
in connection with retraction or removal of the leads 
[76–78]. In a large cohort of patients undergoing stimula-
tor implantation, either percutaneously or surgically via 
laminectomy, the incidence of spinal hematoma after SCS 
was 0.75% [79]. This is approximately 150 times higher 
than after traditional epidural analgesia [2].

Intrathecal (subarachnoid) catheter and pump 
implantation for chronic non-cancer pain and for other-
wise intractable cancer pain. The techniques may cause 
increased risk of bleeding [8]. However, in his collec-
tion of published cases of SH related to CNB, Michael 
Lagerkranser did not find any cases of SH complicating 
intrathecal catheter procedures for chronic pain [2]. In 
the late 1990s, when intrathecal catheters were used for 
acute perioperative pain, four cases with SH were pub-
lished [2].

Epiduroscopy and epidural decompression is a 
treatment of chronic pain from failed back surgery in 
patients who often have abnormal anatomy in the epi-
dural space with fibrous tissue bands, scar tissue and 
obstructed and distended epidural veins [8].

Procedures with intermediate and low risk
Paravertebral block (PVB) is listed as a procedure with 
moderately increased risk of serious bleeding complica-
tions [8], but no published case-report of SH after PVB 
has been found in the literature review [2]. However, the 
paravertebral space communicates with the epidural 
space [80], and an arterial bleeding in the paraverte-
bral space can reach the spinal canal. There are other 
serious complications from PVB, such as total spinal 
 anaesthesia [81] and risk of systemic toxicity from the 
large doses used for continuous thoracic paravertebral 
blocks [82].

Transforaminal or interlaminar epidural steroid 
injection, facet joint denervation, intradiscal pro-
cedures and sympathetic blocks are listed by ASRA/
ESRA as procedures with moderately increased risk of 
SH [8]. The risk of bleeding into the spinal canal must be 
low unless other risks of SH are also present, e.g. epidural 
injection of steroid in a patient with low back pain on dab-
igatran caused a SH [54].
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3.2.3.2   Traditional CNBs for acute pain: spinal, epidural 
and combined spinal-epidural

The risk of spinal canal bleeding and a haematoma com-
pressing the spinal cord is low from these procedures per se. 
However, the risk varies with the many additional risk 
factors described and evaluated in this practise advisory. 
In this section we emphasise some anatomical, technical 
and pharmacological aspects that should be considered in 
order to reduce the specific risks from the CNB procedures.

A single shot spinal anaesthetic (SPA) with a small 
calibre spinal needle carries a lower risk of SH than inser-
tion of an epidural catheter. Accordingly, lower PLTs or 
higher INR levels may be accepted for SPA [1]. Table 1 indi-
cates how the choice of CNB-procedure and how a strong 
indication for a CNB may influence the admissible limits 
for number of platelets or INR.

When blood appears in the spinal or epidural needle or 
in the catheter (a “bloody tap”), the risk of a subsequent 
SH increases [2]. Multiple failed attempts may increase 
the risk [83]. Multiple failed attempts in the mid-thoracic 
region with an epidural needle occur more often during a 
midline approach, since bony structures prevent the needle 
from entering the vertebral canal: a paramedian approach 
avoids the bony obstructions in this region [22].

Spinal anaesthesia and analgesia
In order to prevent spinal cord damage by the needle, a 
single shot spinal anaesthesia with a low calibre pencil-
point spinal needle is inserted at a lumbar interspace 
between L3-L4 or lower, well below the end of the spinal 
cord at the upper boarder of the second lumbar vertebra.

However, in elderly, osteoporotic female patients, but 
also in elderly men with degenerative changes in their 
spinal column, often with spinal canal stenosis, a para-
median approach, using the spinal lamina as a bony land-
mark, is superior and safer technically. The paramedian 
lumbosacral interspace (L5-S1) is usually wide open, 
even in elderly patients who cannot flex their lower back, 
especially when in severe pain from a fractured hip (“Tay-
lor’s lumbosacral subarachnoid tap”) [84].

Epidural analgesia (See Section 3.1.4.)
The principles of safe and effective epidural procedures 
are described in Section 3.1.4 [1, 22]. We re-emphasise these 
because poorly handled epidurals reduce the positive 
effects, create complications and a false negative impres-
sion of benefits that can be achieved with optimal and safe 
thoracic epidural analgesia for patients with strong or vital 
indications for CNB. This clearly was the case in a flawed 
multicentre RCT almost two decades ago [85]. About 1/3 
of patients randomised to have epidural analgesia had 

failed epidurals and many had their epidural discontinued 
already on the first day after major surgery.

Poor anatomical knowledge, lack of experience, low 
quality monitoring and follow-up routines cause techni-
cally failed epidurals: epidural catheters placed in too 
high or too low segmental position; epidural catheters 
are not fastened well and are accidentally removed early, 
catheters are curled up in one side or in a nerve-root 
pocket of the epidural space. Disconnections in tubing 
to the epidural catheter increase the risk of catheter-tract 
infections [3].

Insertion site and approach to the epidural space in the 
thoracic region
It is often not possible for an ill elderly patient to flex the 
stiff thoracic part of the spinal column; therefore a par-
amedian approach is highly recommended: With the 
patient in a comfortable lateral decubitus position, due 
to the broad shoulder part (or pelvic part in women), the 
spinal column will flex slightly laterally with the convex 
part in the low lateral side. This opens the interlaminar 
space and enables the needle approaching parame-
dially from below to successfully reach the epidural 
space [22].

Inserting the epidural catheter more than about 5 cm 
beyond the needle tip may cause the catheter tip to curl up 
and end in a lateral position, causing one-sided analgesia.

This leads to attempts at catheter repositioning by 
retracting it. Catheter manipulations can be as risky 
as removing the catheter; if a vascular damage occurred 
during insertion of the epidural catheter, a clot may have 
formed where the curled-up catheter is located. During 
repositioning or removal of the catheter this coagulum 
may be torn off the injured vessel, causing an epidural 
haematoma.

Opening the sterile bandage at the catheter insertion 
site when repositioning the catheter, may also increase the 
risk of catheter tract infection and abscess formation [3].

Adrenaline in an epidural infusion may reduce risk of 
SH (See Section 3.1.4.)
In addition to increasing analgesic effects through its 
α2-receptor agonist interactions in the dorsal horn of 
the spinal cord, positive effects from its α1-receptor 
agonist stimulation in the epidural space are important. 
(1) Adrenaline increases platelet adhesion, promoting a 
platelet plug at a bleeding site [28]. (2) Adrenaline causes 
vasoconstriction in the epidural space, but not in the 
subarachnoid space [23, 24]. Vasoconstriction reduces 
systemic absorption from the epidural space of fenta-
nyl [21, 26] and bupivacaine [22, 24] allowing doses to 
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be reduced. The low dose of bupivacaine reduces risk of 
motor-blockade [22–27]. Should the patient note that the 
legs are becoming weaker, this may be an early symptom 
of compression of the spinal cord from an epidural hae-
matoma – see Section 3.5.

3.2.3.3   Peripheral nerve blocks – alternative to CNB 
when risk of bleeding is high?

Deep plexus blocks near non-compressible vessels require 
similar strict precautions as CNBs in patients with haemo-
static disturbances [8].

Ultra-sound guidance for accurate placement of 
needles or catheters near peripheral nerves or a nerve 
plexus has contributed to a renaissance for peripheral 
nerve blocks. They provide good immediate postoperative 
analgesia after hip or knee joint replacements and one-
sided thoracic or abdominal surgery. The risk of spinal 
canal haematoma is low.

However, these techniques have their specific com-
plications, e.g. needle injuries of nerves causing chronic 
neuropathic pain, serious local anaesthetic systemic tox-
icity from infusions of large doses of local anaesthetic 
drugs [86, 87]. Local infiltration analgesia (LIA) – for hip 
replacement, containing a local anaesthetic and an NSAID 
has caused renal failure [88].

Recommendations
 – Difficulties and complications during a CNB-proce-

dure, especially a bloody tap, but also several failed 
attempts, would make most experienced anaesthesi-
ologists hesitant to proceed and instead administer 
GA for the operation. Close supervision for symptoms 
and signs of a SH for at least 24 h after a complicated 
and failed CNB-procedure is mandatory.

 – Ultrasound-guided peripheral nerve blocks and LIA 
are possible alternatives to CNBs in patients with dis-
turbed haemostasis. These techniques have their own 
specific complications.

3.3   Recommendations for special situations

3.3.1   Non-elective, non-obstetric cases

 – In patients with low or moderate risk of thromboem-
bolic complications after surgery, who have taken 
ASA or an NSAID within the last 12 h, a CNB may be 
administered if there is a strong indication with clear 
benefits on morbidity or mortality, but the administra-
tion of a thromboprophylactic drug should be delayed 
until 6 h after surgery.

 – If remaining platelet inhibition is suspected, and 
platelet-function test is not available in time, desmo-
pressin (0.3 μg/kg) may be given. Desmopressin has a 
weak fibrinolytic effect [89]. For this reason, and espe-
cially if local fibrinolysis is suspected (e.g. in a frac-
ture-haematoma), the anti-fibrinolytic tranexamic 
acid (10 mg/kg) should be given as well.

 – If any NOAC was taken less than 24  h ago, this is a 
contraindication to CNBs.

 – In patients on dabigatran, whose kidney function 
is reduced (usually in patients >75–80  years), when 
surgery is urgent, CNBs should not be used in these 
cases. Plasma concentration of dabigatran can be rap-
idly measured in many hospitals [70]. If unavailable, 
aPTT may give an indication whether dabigatran lev-
els are significantly increased [70].

 – In non-elective patients at high risk of thromboem-
bolic complications (e.g. elderly patient with hip 
fracture), thromboprophylaxis should be initiated as 
soon as possible after admission to the hospital, with 
half of the daily LMWH dose (e.g. dalteparin 2500 U 
or enoxaparin 20  mg) every 12  h. In these patients, 
epidural or spinal anaesthesia may be administered 
without delay if the patient requires immediate sur-
gery and there is at least a strong indication for CNB 
(Section 3.1.) [1].

3.3.2   Elective and non-elective obstetric cases

Venous thromboembolism (VTE) with pulmonary embo-
lism (PE) is a leading cause of obstetric morbidity and 
mortality [15]. VTE is responsible for 9.2% of maternal 
deaths in the USA [15]. The incidence of VTE in Denmark 
around the millennium was 175/100,000 puerperal-years 
[90]. The risk of postpartum VTE after elective caesarean 
section is at least twice and after emergency caesarean 
section four times that after a vaginal delivery [90–92].

Thromboprophylaxis is therefore important in obstet-
ric practise. Parturients are in a hypercoagulable state 
and thromboprophylactic doses are higher than in non-
pregnant women [15, 90–92]. Spinal, epidural, or CSE 
anaesthesia or analgesia are the optimal procedures for 
operative and non-operative obstetric delivery. SH is a rare 
complication (1:200,000–1:250,000) in parturients [15, 62, 
91], but a mismanaged SH is especially tragic should it 
occur.

When considering the risk of regional techniques for 
parturients having thromboprophylaxis, clinicians must 
also consider the significant risks of GA for caesarean 
section, e.g. failed intubation and serious respiratory and 
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cardiac complications, severe hypertension and cerebro-
vascular injuries, increased bleeding, persistent pain, 
reduced skin-to-skin bonding and breast feeding, and 
intrauterine exposure to the foetus of anaesthetic drugs 
causing postpartum respiratory depression and risk of 
delayed neuro-behavioural development [15, 92].

Tests for haemostasis: aPTT (assessing heparin 
effects) and anti-factor Xa activity (from LMWH) are less 
reliable in parturients. PLTs are often reduced, but plate-
let aggregation is increased so that thrombocytopenia is 
better tolerated in parturients (see below). Safe ranges 
have not been well established for TEG and thromboelas-
tometry (ROTEM) for parturients on VTE-prophylaxis [15].

The Society for Obstetric Anesthesia and Perinatol-
ogy (SOAP) consensus statement on the anaesthetic man-
agement of pregnant and postpartum women receiving 
thromboprophylaxis [15], suggests that neuraxial (spinal) 
anaesthesia for elective cases may be considered 4–6 h after 
last low dose UFH of 5,000 U twice daily, 12 h after daltepa-
rin ≤5,000 U/24  h or ≤2,500 U twice daily, enoxaparin 
≤40 mg/24 h or ≤30 mg every 12 h [15]. With the hypercoagula-
ble state of the parturients in mind, we consider that waiting 
for 10 h after the last prophylactic dose (as for not-pregnant 
women) is sufficient (Table 5). For urgent or emergency cae-
sarean section an individual risk/benefit evaluation must be 
done by the responsible anaesthesiologist and obstetrician. 
Considering the risks of GA (see above), placement of neu-
raxial anaesthesia without delay may be appropriate even 
less than 10–12 h after last dose [15].

With higher doses of LMWH the Nordic guidelines 
from 2010 [1] and the present practise advisory document 
for non-obstetric practise (Table 5) advice waiting for 24 h 
after the last dose. However, according to the 2018 SOAP 
consensus statement [15], parturients on intermediate 
dose between low dose (see above) and high dose (see 
below) VTE-prophylaxis, if last dose of LMWH was given 
between 10 and 24 h ago, the risk of GA may be considered 
higher than the risks placing a neuraxial (spinal) block in 
those who need urgent or emergency caesarean section.

With high doses of UFH (daily dose >20,000 U) or of 
LMWH (dalteparin 120 U/kg twice daily; or 200 U/kg once 
daily; enoxaparin 1 mg/kg twice daily or 1.5 mg/kg once 
daily) the SOAP statement indicates that there is likely low 
risk of SH from a CNB >24 h after last dose. For UFH if aPTT 
is within reference values and anti-factor Xa is undetect-
able, a neuraxial block has likely low risk [15].

In urgent or emergency caesarean section, if less 
than 24 h since last intermediate or high dose and aPTT 
and anti-factor Xa values indicate bleeding risk (from 
UFH) or such data are unavailable, there may be increased 
risk of SH from a CNB and GA should be considered [15].

This decision will always be difficult, personal expe-
rience and resources available will influence our decisions 
in individual cases [15, 92].

The SOAP consensus statement emphasises that the 
recommendations they make are not “a legal standard 
of care” [15], the recommendations are intended as deci-
sion aids based on experts’ experiences and on available 
knowledge of pharmacology of these drugs in parturients 
without renal disease or any other contraindications to 
CNB [15, 90–92]. The same is true for the recommenda-
tions in this practise advisory.

We recommend the “Decision aid for urgent or emer-
gent neuraxial procedures in the obstetric patient receiv-
ing unfractionated heparin” and “Decision aid for urgent 
or emergent neuraxial procedures in the obstetric patient 
receiving low molecular weight heparin”, in the consen-
sus document from the SOAP [15].

The SOAP-statement recommends waiting 4  h after 
removal of an epidural catheter before restarting LMWH-
prophylaxis. The Swedish guidelines recommend restart-
ing LMWH already 2 h after removal of an epidural catheter 
[93]. Considering the importance of effective thrombo-
prophylaxis in parturients, we support this (Table 5).

It is important that the SOAP-statement emphasises 
that NSAIDs should not be allowed as long as the epidural 
catheter is in place [15]. This was recommended already in 
2010 in the Nordic guidelines [1].

Thrombocytopenia is common in parturients, up to 
10% have <150 × 109/L [94]. A PLT <100 × 109/L is gener-
ally a risk factor for SH, but when there are strong or vital 
indications for a spinal anaesthesia in a non- elective cae-
sarean section, we agree with the 2010 Nordic guidelines, 
that low platelet numbers can be accepted (Table 1) [1]. 
Due to the hypercoagulable state of pregnant women and 
parturients, increased platelet aggregation in particular 
[15], they tolerate thrombocytopenia significantly better 
than non-pregnant women [10, 94, 95]. This recommen-
dation agrees with recent publications documenting low 
risk of SH in thrombocytopenic parturients, based on 
data from 1,524 parturients with PLTs below 100 × 109/L 
[10]. These were non-elective and elective cases. No SH 
was observed in patients with PLTs between 50 and 
70 × 109/L, but due to relatively few cases, the upper 
bound of the 95% CI for the risk of a SH with <100 × 109/L 
was estimated to be 3% [10]. Bernstein et al. [95], based 
on 256 parturients with platelets <100 × 109/L having 
CNB, estimated the upper 95%CI to be 1.2%. Goodier et al. 
[94], based on 499 thrombocytopenic parturients (range 
28–99 × 109/L) who had epidural, combined epidural-
spinal, or spinal analgesia/anaesthesia, calculated the 
95% confidence interval for the risk of spinal-epidural 
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haematoma from 0.0 to 0.6%. They also estimated the 
95% confident interval for serious complications to GA, 
chosen because of thrombo cytopaenia (mean 60 × 109/L), 
from 2.1 to 14.5% [94].

Reasons for the low risk of SH in parturients having 
CNB for anaesthesia or pain relief
Pregnancy related coagulation changes include increased 
platelet aggregation, increased coagulation factor levels 
(II, VII, VIII, IX, X, XII, XIII, von Willebrand Factor), 
decreased endogenous anticoagulation effects, and modi-
fied fibrinolytic capacity [15].

Important pregnancy-related physiological changes, 
e.g. increased renal blood flow and GFR, causing more 
rapid clearance of drugs excreted by the kidneys (e.g. 
enoxaparin), and changes in drug metabolism related to 
placental and foetal metabolic effects, may also influence 
coagulation [15].

Should a SH occur in association with obstetric pain 
relief, it would be especially tragic. Therefore, optimal 
care of obstetric patients must be provided in collabora-
tion between a specialist in haemostasis, the obstetrician 
and an experienced anaesthesia provider, both in planning 
thromboprophylaxis to make neuraxial analgesia or anaes-
thesia possible when appropriate, and during and after 
obstetric interventions that require such joint expertise [15].

When can thromboprophylaxis be restarted?
After a CNB for obstetric procedures in a parturient on 
low-, intermediate-, or high-dose thromboprophylactic 
treatment (see above) it must be important to restart the 
thromboprophylaxis as soon as possible and as soon as 
it is safe: in Table 5 the interval from a CNB-procedure 
for surgery to restart of UFH or LMWH is 2–6 h. For par-
turients with their high risk of VTE this interval must be 
short. The Swedish guidelines [93] indicate 2 h as a safe 
interval. We agree that this can be accepted as a general 
rule for parturients, but whenever possible consult a 
specialist in haemostasis and VTE-prophylaxis in par-
turients: restarting too soon may cause uterine haemor-
rhage, too late will increase the risk of serious VTE.

Recommendations
Elective caesarean section and vaginal delivery:

 – aPTT, INR and PLT within normal limits; if indication 
is strong or vital, INR and PLT according to Table 1.

 – UFH should be discontinued at least 4–6 h before a 
CNB.

 – LMWH should be discontinued at least 10  h before 
a CNB at prophylactic doses (Table 5), 24 h at higher 
doses.

 – In complicated cases, the procedure should be 
planned in cooperation between the anaesthesiolo-
gist, the obstetrician and a haematologist.

 – Prophylactic LMWH may be restarted 2–4 h after the 
procedure.

Urgent or emergency caesarean section, in cases where 
the above limits are violated:

 – Individual assessment in cooperation with the obste-
trician, weighing risks vs. benefits with spinal and 
GA, taking the strength of indication for a CNB into 
account (Table 1).

3.4   When is it safe to remove an epidural 
catheter?

Among case-reports of SH in relation to CNBs, about 60% 
happened after epidural catheter removal [2]. Thomas [5] 
and Thomas et al. [33, 36] studied safe catheter removal 
extensively with standard and advanced haemostatic test-
evaluations in the postoperative period.

They found that there is a risk of hypocoagulation 
during the first 1–2 postoperative days after major surgery. 
This can be due to loss of coagulation factors during surgical 
haemorrhage, haemodilution and hypothermia [5, 33, 36].

The normal inflammatory response to tissue trauma 
gradually causes a state of hypercoagulation due to hyper-
fibrinogenaemia and thrombocytosis about 2–3 days after 
major surgery, necessitating effective thromboprophy-
laxis, yet INR and aPTT may remain slightly elevated 
longer [5, 33, 36]. Therefore, should an epidural catheter 
need manipulation (e.g. re-positioning when in a lateral 
position) or removal during the first couple of days after 
major surgery, the risk of bleeding may be increased.

Recommendations (Table 5)
 – Appropriate timing of safe epidural catheter removal 

should be guided by tabulated intervals from last dose 
of an antihaemostatic drug (Tables 5 and 6) and rou-
tine haemostatic tests (INR, aPTT and PLT) [5, 33, 36]. 
If these are significantly abnormal, catheter manipu-
lations should be delayed.

 – Especially during the first 1–2  days after major sur-
gery, if INR, aPTT and/or PLT indicate that a patient 
may be at risk of bleeding, manipulation or removal 
of the epidural catheter should be delayed.

 – An epidural catheter may be safely withdrawn from 
a patient doing well after major surgery even with a 
slightly elevated INR (but below 1.5) and a moderate 
prolongation of aPTT.
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 – In patients recovering well and with normal standard 
haemostatic tests the catheter may be manipulated or 
removed 10 h after a prophylactic dose of LMWH, and 
24 h after higher doses of LMWH, or 36 h after the last 
dose of fondaparinux (Table 5).

 – Epidural catheter-removal should be postponed in 
patients who are not recovering normally: for exam-
ple, those with continued haemorrhage, sepsis, kid-
ney- or liver-failure, or bone marrow failure.

 – Plan to remove the epidural catheter in the morn-
ing, so that should a SH develop, it will be more likely 
that early signs and symptoms are detected during 
daytime, and timely diagnostics and therapeutic 
approaches obtained.

3.5   Early detection and treatment of a 
haematoma in the spinal canal reduce 
the risk of permanent spinal cord 
damage

Fortunately SH is a rare complication to CNB, and therefore 
it is highly recommended to have an agreed-upon proto-
col for early diagnosis and effective treatment should this 
potentially catastrophic complication occur (Table 7). The 
following statements are based on experienced experts’ 
opinions and published case reports [1, 2, 6].

Measures that facilitate early detection and treatment 
of a haematoma (Table 7)

 – Place the end of the epidural catheter at the centre 
of the thoracic spinal cord segments covering the 
surgical area. This means always thoracic segment 
for thoracic and major abdominal surgery and thora-
columbar for hip- or knee-arthroplasty, and obstet-
ric procedures. Optimal thoracic epidural analgesia 
is spinal cord analgesia without motor blockade; it 
is not a spinal nerve or nerve-root local anaesthetic 

blockade [1, 22]. This will facilitate mobilisation and 
monitoring: if legs become weak, this means that a 
SH is developing (until proven otherwise).

 – Use the lowest possible concentration of local 
anaesthetic combined with a lipophilic opioid. 
Adrenaline reduces the required dose of each drug 
and thereby dose-related side effects, e.g. leg weak-
ness [1, 22].

 – Adrenaline increases platelet aggregation and adhe-
sion, and adrenaline constricts epidural vessels, 
reducing the risk of epidural blood vessel damage and 
bleeding. Therefore, epidural catheter manipulation 
or removal may be safer with a still on-going epidural 
infusion, or bolus, containing adrenaline. Note that 
adrenaline does not constrict subarachnoid vessels.

 – Do not manipulate or remove the catheter when the 
patient has a haemostatic abnormality, especially if 
there may still be effects of antihaemostatic drugs.

 – Assess leg weakness and sensory levels every 
4–6 h during on-going epidural analgesia and for 
at least 24 h after removal of an epidural catheter. 
Upper and lower sensory levels assessed every 4–6 h 
using an ice-cube in a plastic glove will facilitate 
detection of abnormal progress of a continuous post-
operative epidural analgesia [22].

 – New leg weakness may be a sign of a developing 
spinal canal haematoma. Additional early symp-
toms and signs are new or more severe back pain, per-
ineal sensory loss and urinary retention. Symptoms 
are typically aggravated over time, from back pain to 
paresis and finally paralysis [6].

 – Verify diagnosis by stopping epidural infusion 
and arrange for an urgent magnetic resonance 
imaging (MRI) (or CT if MRI is not available, or when 
wire-reinforced catheter or Spinal Cord Stimulation-
electrodes are not MRI-compatible).

 – Without delaying these measures, try to evacuate 
blood via the epidural catheter. This may lead to a 
temporary relief of symptoms [6, 96].

 – The most effective treatment is surgical evacu-
ation of haematoma within less than about 12  h 
of appearance of neurologic symptoms, but longer 
delays do not justify refraining from surgery [6]. 
When signs and symptoms are slight (e.g. back pain 
only), or neurological signs are already regressing, 
the indication for surgical intervention is weakened 
even if MRI demonstrates a SH, but the surveillance 
for aggravated symptoms should be intensified [6].

 – Inform the patient of the significance of leg weak-
ness, loss of sensation in the legs and/or peri-
neum, incontinence (urinary and/or anal) and new 

Table 7: Postoperative surveillance and management during con-
tinuous epidural analgesia.

–  Monitor leg mobility every 4–6 h
–  At any sign of a developing spinal haematoma: new or aggravated 

back pain, especially if radiating, leg weakness, bladder or bowel 
disturbances, sensory loss unrelated to the block, turn off the 
epidural infusion.

–  If symptoms/signs do not resolve, act immediately:
 – Consult a neuro- or orthopaedic surgeon
 – Arrange for an urgent MRI
 – Try to evacuate blood via the epidural catheter [96]
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back-pain. The patient should be informed about the 
importance of these symptoms after discharge from 
the hospital. If they appear, the patient must imme-
diately report to the hospital. The patient should be 
transported to the nearest emergency department. 
A late haematoma or an epidural abscess may need 
urgent therapy [3, 6].

3.6   Conclusion and implications

Patients at high risk of cardio-vascular, respiratory, 
or gastrointestinal postoperative complications may 
benefit from CNB. This is especially true for optimal 
thoracic epidural analgesia for major open thoracic and 
abdominal operations, but also for obstetric analgesia 
and anaesthesia. The risks of SH and spinal cord injury 
are higher in elderly patients, in patients on antihaemo-
static drugs, patients having spinal stenosis and patients 
with renal impairment. Patients receiving interventional 
spinal procedures for chronic pain are at higher risk than 
those who receive neuraxial procedures for acute pain. 
Weighing benefits from central neuraxial pain-relieving 
procedures against increased risk of bleeding requires 
knowledge of pharmacology of antihaemostatic drugs, 
risk factors due to patients’ co-morbidities, and the ability 
to conduct optimal CNB-procedures. Possible complica-
tions of alternatives to CNB should always be considered, 
GA in particular for obstetric patients. Peripheral nerve or 
nerve plexus blocks may require subtoxic doses of local 
anaesthetics for prolonged blocks. Vigilance and a robust 
regimen for monitoring are required in order to detect 
early signs of SH, as well as an agreed-upon protocol for 
appropriate treatment of these rare but potentially tragic 
complications.

Optimal pain management is a prerequisite for 
enhanced recovery after surgery, but there are a multitude 
of additional concerns that surgeons and anaesthesia pro-
viders need to optimise for the best outcome and least risk 
of complications [97].

Authors’ statements
Research funding: In-house departmental support has 
been available to some of the authors.
Conflict of interest: None declared by any of the authors.
Informed consent: Not applicable.
Ethical approval: This practise advisory document is 
based on literature review and consensus between expe-
rienced experts. No ethical board review was considered 
necessary.

References
[1] Breivik H, Bang U, Jalonen J, Vigfússon G, Alahuhta S, 

 Lagerkranser M. Nordic guidelines for neuraxial blocks in 
disturbed haemostasis from the Scandinavian Society of 
Anaesthesiology and Intensive Care Medicine. Acta Anaesthe-
siol Scand 2010;54:16–41.

[2] Lagerkranser M. Neuraxial blocks and spinal haematoma: 
review of 166 cases published 1994–2015. Part 1: demo-
graphics and risk factors. Scand J Pain 2017;15:118–29.

[3] American Society of Anesthesiologists Task Force on Infectious 
Complications. Associated with Neuraxial Techniques and 
the American Society of Regional Anesthesia and Pain 
Medicine. Practice advisory for the prevention, diagnosis, 
and management of infectious complications associated with 
neuraxial techniques. Anesthesiology 2017;126:585–601.

[4] Fenger-Eriksen C, Münster A-M, Grove EL. New oral antico-
agulants: clinical indications, monitoring and treatment 
of acute bleeding complications. Acta Anaesthesiol Scand 
2014;58:651–9.

[5] Thomas OD. Haemostatic safety in epidural analgesia.  
Lund: Lund University, Faculty of Medicine, Doctoral 
Dissertation Series 2016:117. ISBN 978-91-7619-343-3. ISSN 
1652-8220. http://portal.research.lu.se/portal/files/15557976/
Haemostatic_safety_in_epidural_analgesia_minus_manus.pdf 
(last downloaded January 31, 2017).

[6] Lagerkranser M, Lindquist C. Neuraxial blocks and spinal 
haematoma: review of 166 cases published 1994-2015. Part 2: 
diagnosis treatment, and outcome. Scand J Pain 2017;15:130–6.

[7] Harrop-Griffiths W, Cook T, Gill H, Hill D, Ingram M, Makris M, 
Malhotra S, Nicholls B, Popat M, Swales H, Wood P; Working 
Party; Regional anaesthesia and patients with abnormalities 
of coagulation. Association of Anaesthetists of Great Britain 
&  Ireland, Obstetric Anaesthetists’ Association, Regional 
 Anaesthesia UK. Anaesthesia 2013;68:966–72.

[8] Narouze S, Benzon HT, Provenzano DA, Buvanendran A, De 
Andres J, Deer TR, Rauck R, Huntoon MA. Interventional spine 
and pain procedures in patients on antiplatelet and antico-
agulant medications: guidelines from the American Society of 
Regional Anesthesia and Pain Medicine, the European Society 
of Regional Anaesthesia and Pain Therapy, the American 
Academy of Pain Medicine, the International Neuromodulation 
Society, the North American Neuromodulation Society, and the 
World Institute of Pain. Reg Anesth Pain Med 2015;40:182–212.

[9] Waurick K, Riess H, Van Aken H, Kessler P, Gogarten W, Volk 
T. Rückenmarksnahe regionalanästhesien und thrombembo-
lieprophylaxe/antithrombotische medikation. (Anticoagulants 
and regional anaesthesia.) (in German). Anästh Intensivmed 
2016;57:506–21.

[10] Lee LO, Bateman BT, Kheterpal S, Klumpner TT, Housey M, 
Aziz MF, Hand KW, MacEachern M, Goodier CG, Bernstein 
J, Bauer ME; Multicenter Perioperative Outcomes Group 
Investigators. Risk of epidural hematoma after neuraxial 
techniques in thrombocytopenic parturients: a report from the 
multicenter perioperative outcomes group. Anesthesiology 
2017;126:1053–63.

[11] Wijeysundera DN, Beattie WS, Austin PC, Hux JE, Laupacis A. 
Epidural anaesthesia and survival after intermediate-to-high 
risk non-cardiac surgery: a population-based cohort study. 
Lancet 2008;372:562–9.

Brought to you by | University of Oulu
Authenticated

Download Date | 8/7/18 8:35 AM

http://portal.research.lu.se/portal/files/15557976/Haemostatic_safety_in_epidural_analgesia_minus_manus.pdf
http://portal.research.lu.se/portal/files/15557976/Haemostatic_safety_in_epidural_analgesia_minus_manus.pdf


148      Breivik et al.: Reducing risk of spinal haematoma from spinal and epidural pain procedures

[12] McIsaac DI, Wijeysundera DN, Huang A, Bryson GL,  
van Walraven C. Association of hospital-level neuraxial anes-
thesia use for hip fracture surgery with outcomes. A popula-
tion-based cohort study. Anesthesiology 2018;128:480–91.

[13] Rodgers A, Walker N, Schug S, McKee A, Kehlet H, van Zundert 
A, Sage D, Futter MSaville G, Clark T, MacMahon S. Reduc-
tion of postoperative mortality and morbidity with epidural or 
spinal anaesthesia: results from overview of randomised trials. 
BMJ 2000;321:1493.

[14] Pöpping DM, Elia N, Van Aken HK, Marret E, Schug SA, 
Kranke P, Wenk M, Tramèr MR. Impact of epidural analgesia 
on mortality and morbidity after surgery: systematic review 
and meta-analysis of randomized controlled trials. Ann Surg 
2014;259:1056–67.

[15] Leffert L, Butwick A, Carvalho B, Arendt K, Bates SM, Friedman 
A, Horlocker T, Houle T, Landau R, Dubois H, Fernando R, Houle 
T, Kopp S, Montgomery D, Pellegrini J, Smiley R, Toledo P; 
members of the SOAP VTE Taskforce. The society for obstetric 
anesthesia and perinatology consensus statement on the 
anesthetic management of pregnant and postpartum women 
receiving thromboprophylaxis or higher dose anticoagulants. 
Anesth Analg 2018;126:928–44.

[16] Bardia A, Sood A, Mahmood F, Orhurhu V, Mueller A, 
 Montealegre-Gallegos M, Shnider MR, Ultee KH, Schermerhorn 
ML, Matyal R. Combined epidural-general anesthesia vs gen-
eral anesthesia alone for elective abdominal aortic aneurysm 
repair. JAMA Surg 2016;151:1116–23.

[17] Carmichael JC, Keller DS, Baldini G, Bordeianou L, Weiss E, 
Lee L, Boutros M, McClane J, Steele SR, Feldman LS. Clinical 
practice guideline for enhanced recovery after colon and rectal 
surgery from the American Society of Colon and Rectal Sur-
geons (ASCRS) and Society of American Gastrointestinal and 
Endoscopic Surgeons (SAGES). Surg Endosc 2017;31:3412–36.

[18] Wisner KL, Stika CS, Clark CT. Double duty: does epidural 
labor analgesia reduce both pain and postpartum depression? 
Anesth Analg 2014;119:219–21.

[19] Alahuhta S, Räsänen J, Jouppila R, Jouppila P, Hollmén AI. Utero-
placental and fetal haemodynamics during extradural anaesthe-
sia for Caeserean section. Br J Anaesth 1991;66:319–23.

[20] Alahuhta S, Räsänen J, Jouppila R, Jouppila P, Hollmén AI. 
Effects of extradural bupivacaine with adrenaline for Caesarean 
section on uteroplacental and fetal circulation. Br J Anaesth 
1991;67:678–82.

[21] Haidl F, Rosseland LA, Spigset O, Dahl V. Effects of adrenaline 
on maternal and fetal fentanyl absorbtion in epidrual analge-
sia: a randomized trial. Personal communication.

[22] Breivik H. Local anesthetic blocks and epidurals. In:  McMahon 
SB, Koltzenburg M, Tracey I, Turk DC, editors. Wall and 
Melzack’s Textbook of Pain. 6th ed., Philadelphia: Elsevier, 
2013, Chapter 37:523–37.

[23] Niemi G. Optimizing postoperative epidural analgesia. 
 Dissertation No. 219, 2004, Faculty of Medicine, University 
of Oslo, ISBN: 82-8072-176–2.

[24] Niemi G. Advantages and disadvantages of adrenaline in 
regional anaesthesia. Best Pract Res Clin Anaesthesiol 
2005;19:229–45.

[25] Curatolo M. Is epinephrine unfairly neglected for postoperative 
epidural mixtures? Anesth Analg 2002;94:1381–3.

[26] Niemi G, Breivik H. Adrenaline markedly improves thoracic 
epidural analgesia produced by a low-dose infusion of 

bupivacaine, fentanyl, and adrenaline after major surgery: 
a randomized, double blind crossover study with and without 
adrenaline. Acta Anaesth Scand 1998;42:897–909.

[27] Niemi G, Breivik H. Epinephrine markedly improves tho-
racic epidural analgesia produced by a small-dose infu-
sion of ropivacaine, fentanyl, and epinephrine after major 
thoracic or abdominal surgery: a randomized, double blind 
crossover study with and without epinephrine. Anesth Andalg 
2002;94:1598–605.

[28] Hall R, Mazer CD. Antiplatelet drugs: a review of their pharma-
cology and management in the perioperative period. Anesth 
Analg 2011;112:292–318.

[29] Denny JT, Cohen S, Stein MH, Banerjee T, Naftalovich R, Hunter-
Fratzola CW. Epinephrine adjuvant reduced epidural blood 
vessel penetration incidence in a randomized, double-blinded 
trial. Acta Anaesthesiol Scand 2015;59:1330–9.

[30] Brustugun J, Troland S, Breivik H. The stability of a sulphite-free 
epidural analgesic solution containing fentanyl, bupivacaine, 
and adrenaline. Acta Anaesthesiol Scand 2013;57:1321–7.

[31] Mallett SV. Clinical utility of viscoelastic tests of coagulation 
(TEG/ROTEM) in patients with liver disease and during liver 
transplantation. Semin Thromb Hemost 2015;41:527–37.

[32] Serraino GF, Murphy GJ. Routine use of viscoelastic blood 
tests for diagnosis and treatment of coagulopathic bleeding in 
cardiac surgery: updated systematic review and meta-analysis. 
Brit J Anaesth 2017;118:823–33.

[33] Thomas O, Rein H, Strandberg K, Schött U. Coagulative safety 
of epidural catheters after major upper gastrointestinal 
surgery: advanced and routine coagulation analysis in 38 
patients. Perioper Med (Lond) 2016;5:28.

[34] Forkin KT, Colquhoun DA, Nemergut EC, Huffmeyer JL. The coag-
ulation profile of end-stage liver disease and considerations 
for intraoperative management. Anesth Analg 2018;126:46–61.

[35] Mårtensson J, Bellomo R. Prevention of renal  dysfunction 
in postoperative elderly patients. Curr Opin Crit Care 
2014;20:451–9.

[36] Thomas O, Lybeck E, Flisberg P, Schött U. Pre- to postoperative 
coagulation profile of 307 patients undergoing oesophageal 
resection with epidural blockade over a 10-year period in a 
single hospital: implications for the risk of spinal haematoma. 
Perioper Med 2017;6:14.

[37] Perk J, De Backer G, Gohlke H, Graham I, Reiner Z, Verschuren 
WMM, Albus C, Benlian P, Boysen G, Cifkova R, Deaton C, 
Ebrahim S, Fisher M, Germano G, Hobbs R, Hoes A, Karadeniz 
S, Mezzani A, Prescott E, Ryden L, et al. European Guidelines 
on cardiovascular disease prevention in clinical practice (ver-
sion 2012). The fifth joint task force of the European Society 
of Cardiology and other societies on cardiovascular disease 
prevention in clinical practice (constituted by representa-
tives of nine societies and by invited experts). Eur Heart J 
2012;33:1635–701.

[38] Baigent C, Blackwell L, Collins R, Emberson J, Godwin J, 
Peto R, Buring J, Hennekens C, Kearney P, Meade T, Patrono 
C,  Roncaglioni MC, Zanchetti A. Aspirin in the primary and 
secondary prevention of vascular disease: collaborative meta-
analysis of individual participant data from randomised trials. 
Lancet 2009;373:1849–60.

[39] Lei H, Gao Q, Liu S-R, Xu J. The benefit and safety of aspirin 
for primary prevention of ischemic stroke: a meta-analysis of 
randomized trials. Front Pharmacol 2016;7:440.

Brought to you by | University of Oulu
Authenticated

Download Date | 8/7/18 8:35 AM



Breivik et al.: Reducing risk of spinal haematoma from spinal and epidural pain procedures      149

[40] Yoshihiko Saito Y, Okada S, Ogawa H, Soejima H, Sakuma M, 
Nakayama M, Doi N, Jinnouchi J, Waki M, Masuda I, Morimoto 
T, for the JPAD Trial Investigators. Low-dose aspirin for primary 
prevention of cardiovascular events in patients with type 2 
diabetes mellitus. 10-year follow-up of a randomized controlled 
trial. Circulation 2017;135:659–70.

[41] Price MJ, Walder JS, Baker BA, Heiselman DE, Jakubowski JA, 
Logan DK, Winters KJ, Li W, Angiolillo DJ. Recovery of platelet 
function after discontinuation of prasugrel or clopidogrel main-
tenance dosing in aspirin-treated patients with stable coronary 
disease: the recovery trial. J Am Coll Cardiol 2012;59:2338–43.

[42] Cheng JWM. Ticagrelor: oral reversible P2Y12 receptor antago-
nist for the management of acute coronary syndrome. Clin Ther 
2012;34:1209–20.

[43] Jacobson AK. Platelet ADP receptor antagonists: ticlopidine 
and clopidogrel. Best Pract Res Clin Haematol 2004;17:55–64.

[44] Heller AR, Litz RJ. Why do orthopedic patients have a higher 
incidence of serious complications after central neuraxial 
blockade? Anesthesiology 2005;102:1286.

[45] Brandt JT, Payne CD, Wiviott SD, Weerakkody G, Farid NA, Small 
DS, Jakubowski JA, Naganuma H, Winters KJ. A comparison of 
prasugrel and clopidogrel loading doses on platelet function: 
magnitude of platelet inhibition is related to active metabolite 
formation. Am Heart J 2007;153:66.e9–16.

[46] Abrahamsson A, Oras J, Snygg J, Block L. Perioperative COX-2 
inhibitors may increase the risk of post-operative acute kidney 
injury. Acta Anaesthesiol Scand 2017;61:714–21.

[47] Bally M, Dendukuri N, Rich B, Nadeau L, Helin-Salmivaara A, 
Garbe E, Brophy JM. Risk of acute myocardial infarction with 
NSAIDs in real world use: Bayesian meta-analysis of individual 
patient data. BMJ 2017;357:j1909.

[48] Smith MM, Smith BB, Lahr BD, Nuttall GA, Mauermann WJ, 
Weister TJ, Dearani JA, Barbara DW. Selective serotonin 
reuptake inhibitors and serotonin-norepinephrine reuptake 
inhibitors are not associated with bleeding or transfusion 
in cardiac surgical patients. Anest Analg 2017. doi: 10.1213/
ANE.0000000000002668. [Epub ahead of print].

[49] Heidbuchel H, Verhamme P, Alings M, Antz M, Diener H-C, 
Hacke W, Oldgren J, Sinnaeve P, Camm J, Kirchhof P. Updated 
European Heart Rhythm Association Practical Guide on the use 
of non-vitamin K antagonist anticoagulants in patients with 
non-valvular atrial fibrillation. Europace 2015;17:1467–507.

[50] Connolly SJ, Ezekowitz MD, Yusuf S, Eikelboom J, Oldgren J, 
Parekh A, Pogue J, Reilly PA, Themeles E, Varrone J, Wang S, 
Alings M, Xavier D, Zhu J, Diaz R, Lewis BS, Darius H, Diener 
H-C, Joyner CD, Wallentin L, et al. Dabigatran versus warfarin in 
patients with atrial fibrillation. N Engl J Med 2009;361:1139–51.

[51] Patel MR, Mahaffey KW, Garg J, Pan G, Singer DE, Hacke W, 
Breithardt G, Halperin JL, Hankey GJ, Piccini JP, Becker RC, Nes-
sel CC, Paolini JF, Berkowitz SD, Fox KAA, Califf RM; ROCKET AF 
Investigators. Rivaroxaban versus warfarin in nonvalvular atrial 
fibrillation. N Engl J Med 2011;365:883–91.

[52] Granger CB, Alexander JH, McMurray JJV, Lopes RD, Hylek EM, 
Hanna M, Al-Khalidi HR, Ansell J, Atar D, Avezum A, Bahit MC, 
Diaz R, Easton JD, Ezekowitz JA, Flaker G, Garcia D, Geraldes M, 
Gersh BJ, Golitsyn S, Goto S, et al. Apixaban versus warfarin in 
patients with atrial fibrillation. N Engl J Med 2011;365:981–92.

[53] Giugliano RP, Ruff CT, Braunwald E, Murphy SA, Wiviott SD, 
 Halperin JL, Waldo AL, Ezekowitz MD, Weitz JI, Špinar J, Ruzyllo W, 
Ruda M, Koretsune Y, Betcher J, Shi M, Grip LT, Patel SP, Patel I, 

Hanyok JJ, Mercuri M, et al. Edoxaban versus warfarin in patients 
with atrial fibrillation. N Engl J Med 2013;369:2093–104.

[54] Caputo AM, Gottfried ON, Nimjee SM, Brown CR, Michael KW, 
Richardson WJ. Spinal epidural hematoma following epidural 
steroid injection in a patient treated with dabigatran. JBJS Case 
Connect 2013;3:e64.

[55] Radcliff KE, Ong A, Parvizi J, Post Z, Orozco F. Rivaroxaban-
induced epidural hematoma and cauda equina syndrome 
after total knee arthroplasty: a case report. Orthop Surg 
2014;6:669–71.

[56] Madhisetti KR, Mathew M, Pillai SS. Spinal epidural haema-
toma following rivaroxaban administration after total knee 
replacement. Indian J Anaesth 2015;59:519–21.

[57] Pollack CV, Reilly PA, Eikelboom J, Glund S, Verhamme P, 
Bernstein RA, Dubiel R, Huisman MV, Hylek EM, Kamphuisen 
PW, Kreuzer J, Levy JH, Sellke FW, Stangier J, Steiner T, Wang B, 
Kam C-W, Weitz JI. Idarucizumab for dabigatran reversal. N Engl 
J Med 2015;373:511–20.

[58] Siegal DM, Curnutte JT, Connolly SJ, Lu G, Conley PB, Wiens 
BL, Mathur VS, Castillo J, Bronson MD, Leeds JM, Mar FA, Gold 
A, Crowther MA. Andexanet alfa for the reversal of factor Xa 
inhibitor activity. N Engl J Med 2015;373:2413–24.

[59] Tomaselli GF, Mahaffey KW, Cuker A, Dobesh PP, Doherty 
JU, Eikelboom JW, Florido R, Hucker W, Mehran R, Messe SR, 
 Pollack CV Jr., Rodriguez F, Sarode R, Siegal D, Wiggins BS. 
2017 ACC expert consensus decisions pathway on management 
of bleeding in patients on oral anticoagulants. J Am Coll Cardiol 
2017;70:3042–67.

[60] Rosenquist RW, Brown DL. Neuraxial bleeding: fibrinolytics/
thrombolytics. Reg Anesth Pain Med 1998;23:152–6.

[61] Horlocker TT. Neuraxial blockade in patients with spinal 
stenosis: between a rock and a hard place. Anesth Analg 
2010;110:13–5.

[62] Moen V, Dahlgren N, Irestedt L. Severe neurological complica-
tions after central neuraxial blockades in Sweden 1990–9. 
Anesthesiology 2004;101:950–9.

[63] Boccardo P, Remuzzi G, Galbusera M. Platelet dysfunction in 
renal failure. Semin Thromb Hemost 2004;5:579–89.

[64] Cullen DJ, Bogdanov E, Htut N. Spinal epidural hematoma 
occurence in the absence of known risk factors: a case series. 
J Clin Anesth 2004;16:376–81.

[65] Lindeman RD, Tobin JD, Shock NW. Association between blood 
pressure and the rate of decline in renal function with age. 
Kidney Int 1984;26:861–8.

[66] Mühlberg W, Platt D. Age-dependent changes of the kidneys: 
pharmacological implications. Gerontology 1999;45:243–53.

[67] Wysowski DK, Talarico L, Bacsanyi J, Botstein P. Spinal and 
epidural hematoma and low-molecular-weight heparin. N Engl J 
Med 1998;338:1774–5.

[68] Sanderink GJ, Guimart CG, Ozoux ML, Jariwala NU, Shukla UA, 
Boutouyrie BX. Pharmacokinetics and pharmacodynamics of 
the prophylactic dose of enoxaparin once daily over 4 days in 
patients with renal impairment. Thromb Res 2002;105:225–31.

[69] Lim W, Dentali F, Eikelboom JW, Crowther MA. Meta-analysis: 
low-molecular-weight heparin and bleeding in patients with 
severe renal insufficiency. Ann Intern Med 2006;144:673–84.

[70] Reilly PA, Lehr T, Haertter S, Connolly SJ, Yusuf S, Eikelboom 
JW, Ezekowitz MD, Nehmiz G, Wang S, Wallentin L; RE-LY 
Investigators. The effect of dabigatran plasma concentrations 
and patient characteristics on the frequency of ischemic stroke 

Brought to you by | University of Oulu
Authenticated

Download Date | 8/7/18 8:35 AM



150      Breivik et al.: Reducing risk of spinal haematoma from spinal and epidural pain procedures

and major bleeding in atrial fibrillation patients: the RE-LY 
Trial (Randomized Evaluation of Long-Term Anticoagulation 
Therapy). J Am Coll Cardiol 2014;63:321–8.

[71] Violi F, Basili S, Raparelli V, Chowdary P, Gatt A, Burroughs AK. 
Patients with liver cirrhosis suffer from primary haemostatic 
defects? Fact or fiction? J Hepatol 2011;55:1415–27.

[72] Wanderer J, Nathan N. To clot or not to clot: understanding 
coagulopathy in liver disease. Anesth Analg 2018;126:2.

[73] Takita K, Uchida Y, Hase T, Kamiyama T, Morimoto Y. Co-existing 
liver disease increases the risk of postoperative thrombocyto-
penia in patients undergoing hepatic resection: implications 
for the risk of epidural hematoma associated with the removal 
of an epidural catheter. J Anesth 2014;28:554–8.

[74] Elterman KG, Xiong Z. Coagulation profile changes and safety 
of epidural analgesia after hepatectomy: a retrospective study J 
Anesth 2015;29:367–72.

[75] De Pietri L, Bianchini M, Montalti R, De Maria N, Di Maira T, 
Begliomini B, Gerunda GE, di Benedetto F, Garcia-Tsao G, 
Villa E. Thrombelastography-guided blood product use before 
invasive procedures in cirrhosis with severe coagulopathy: a 
randomized, controlled trial. Hepatology 2016;63:566–73.

[76] Takawira N, Han RJ, Nguyen TQ, Gaines JD, Han TH. Spinal cord 
stimulator and epidural haematoma. BJA 2012;109:649–50.

[77] Buvanedran A, Young AC. Spinal epidural hematoma after 
spinal cord stimulator trial lead placement in a patient taking 
aspirin. Reg Anesth Pain Med 2014;39:70–2.

[78] Giberson CE, Barbosa J, Brooks ES, McGlothlen GL, Grigsby 
EJ, Kohut JJ, Wolbers LL, Poree LR. Epidural hematomas after 
removal of percutaneous spinal cord stimulator trial leads. 
Two case reports. Reg Anesth Pain Med 2014;39:1–5.

[79] Petraglia FW, Farber SH, Gramer R, Verla T, Wang F, Thomas S, 
Parente B, Lad SP. The incidence of spinal cord injury in implan-
tation of percutaneous and paddle electrodes for spinal cord 
stimulation. Neuromodulation 2016;19:85–90.

[80] Norum H, Breivik H. A systematic review of comparative studies 
indicates that paravertebral block is neither superior nor safer 
than epidural analgesia for pain after thoracotomy. Scand J 
Pain 2010;1:12–23.

[81] Calenda E, Baste JM, Danielou E, Michelin P. Temporary quadri-
plegia following continuous thoracic paravertebral block. J Clin 
Anesth 2012;24:227–30.

[82] Fagenholz PJ, Bowler GM, Carnochan FM, Walker WS. Systemic 
local anaesthetic toxicity from continuous thoracic paraverte-
bral block. Br J Anaesth 2012;109:260–2.

[83] Vandermeulen E, van Aken H, Vermylen J. Anticoagulants and 
spinal-epidural anesthesia. Anesth Analg 1994;79:1165–77.

[84] Bruce Scott D, Håkansson L, Buckhöj PD. Techniques of 
regional anaesthesia. Fribourg, Switzerland: Mediglobe SA, 
1989:194–5.

[85] Rigg JR, Jamrozik K, Myles PS, Silbert BS, Peyton PJ, Parsons 
RW, Collins KS; MASTER Anaethesia Trial Study Group. Epidural 
anaesthesia and analgesia and outcome of major surgery: a 
randomized trial. Lancet 2002;359:1276–82.

[86] Scherrer V, Compere V, Loisel C, Dureuil B. Cardiac arrest from 
local anesthetic toxicity after a field block and transversus 
abdominis plane block. Anesth Analg Case Rep 2013;1:75–6.

[87] Breivik H, Sauter A. Local infiltration analgesia (LIA) and 
repeated bolus or continuous infusion peripheral nerve blocks 
for acute postoperative pain: be aware of local anaesthetic tox-
icity, especially in elderly patients with cardiac co-morbidities! 
Scand J Pain 2012;3:44–5.

[88] Affas F. Local infiltration analgesia in knee and hip arthroplasty 
– efficacy and safety. Scand J Pain 2016;13:59–66.

[89] Ozal E, Kuralay E, Bingöl H, Cingöz F, Ceylan S, Tatar H. Does 
tranexamic acid reduce desmopressin-induced hyperfibrinoly-
sis? J Thorac Cardiovasc Surg 2002;123:539–43.

[90] RCOG. Reducing the Risk of Venous Thromboembolism  
During Pregnancy and the Puerperium. Green Top Guideline 
No 37a. Royal College of Obstetricians and Gynaecologists, 
2015.

[91] Leffert LR, Dubois HM, Butwick AJ, Carvalho B, Houle TT, 
Landau R. Neuraxial anesthesia in obstetric patients receiving 
thromboprophylaxis with unfractionated or low-molecular-
weight heparin: a systematic review of spinal epidural hema-
toma. Anesth Analg 2017;125:223–31.

[92] Leffert L, Landau R. Integrating the new thromboprophylaxis 
guidelines into obstetric anesthesia practice. Anesth Analg 
2016;123:809–11.

[93] Guidelines on obstetric praxis of Swedish Society of Anaesthe-
siology and Intensive Medicine. Available at: www.sfai.se.

[94] Goodier CG, Lu JT, Hebbar L, Segal BS, Goetzl L. Neuraxial 
anesthesia in parturients with thrombocytopenia: a multisite 
retrospective cohort study. Anesth Analg 2015;121:988–91.

[95] Bernstein J, Hua B, Kahana M, Shaparin N, Yu S, Davila-
Velazquez J. Neuraxial anesthesia in parturients with low 
platelet counts. Anesth Analg 2016;123:165–7.

[96] Sondekoppan RV, Quan D, Ganapathy S. Temporary decom-
pression of symptomatic epidrural hematoma via an in situ 
epidural catheter: a case report. Anesth Analg Case Rep 
2017;9:123–6.

[97] Kehlet H, Joshi GP. Enhanced recovery after surgery: current 
controversies and concerns. Anesth Analg 2017;125:2154–5.

Brought to you by | University of Oulu
Authenticated

Download Date | 8/7/18 8:35 AM

http://www.sfai.se

