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Purpose of review

There is an increasing awareness of the significance of intraoperative pain during cesarean delivery.
Failure of spinal anesthesia for cesarean delivery can occur preoperatively or intraoperatively. Testing of
the neuraxial block can identify preoperative failure. Recognition of the risk of high neuraxial block in
repeat spinal in case of preoperative failure is important.

Recent finding

Knowledge of risk factors for block failure facilitates prevention by selecting the most appropriate neuraxial
procedure, adequate intrathecal doses and choice of technique. Intraoperative pain is not uncommon, and
neither obstetricians nor anesthesiologists can adequately identify intraoperative pain. Early intraoperative
pain should be treated differently from pain towards the end of surgery.

Summary

Block testing is crucial to identify preoperative failure of spinal anesthesia. Repeat neuraxial is possible but
care must be taken with dosing. In this situation, switching to a combined spinal epidural or an epidural
technique can be useful. Intraoperative pain must be acknowledged and adequately treated, including
offering general anesthesia. Preoperative informed consent should include block failure and its management.
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INTRODUCTION spinal epidural (CSE) anesthesia was included in
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‘The mother is awake and typically not sedated
while undergoing major abdominal surgery for a
seismic life event: the arrival of her baby. This is a
rare – or unique – experience, the memory of which
will be greatly influenced by the quality of care she
receives’ [1

&&

].
A retrospective review of more than 5300 spinal

anesthesia (SA) for cesarean delivery (CD) found a SA
failure rate of 2.1% [95% confidence interval (CI)
1.7–2.5] [2

&&

]. The authors defined failure as need for
repeat anesthesia [general anesthesia (GA) or neu-
raxial procedure] within one hour of injection of
intrathecal medication. Another 2.0% (95% CI 1.6–
2.4) received supplementary analgesia and/or seda-
tion [2

&&

]. A total of 4.1% (95% CI 3.6–4.7) needed
GA, repeat neuraxial procedure or analgesic supple-
mentation. In another retrospective study in 5015
women, 5.5% (5.5%, 95% CI 4.9–6.2) received GA,
repeat neuraxial procedure or analgesic supplemen-
tation [3]. A systematic review of elective CD by
Patel et al. [4

&

] found a failure rate of 10.2% (95%
CI 9.0–11.4) with a prevalence of only 2GAper 3497
patients, a very low rate of GA. In this systematic
review, epidural supplementation of combined
uthor(s). Published by Wolters Kluwe
the definition of failure.
According to the Royal College of Anaesthetists

(RCoA) improvement compendium, the quality cri-
teria of best practice the rate of conversion of
regional to GA should be below 1% in elective CD
and less than 5% in category 2–3 [5]. Real-life data
shows that these standards of care seem difficult to
achieve. For example, in the study by Adesope et al.
r Health, Inc. www.co-anesthesiology.com
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KEY POINTS

� Failure of neuraxial anesthesia for cesarean delivery
occurs in up to 12%.

� Identifying risk factors and strategies to reduce the risk
of failed spinal is essential.

� In preoperative failure, a repeat neuraxial technique
should use an epidural catheter with or without a
reduced intrathecal dose.

� Management of intraoperative failure depends on the
progress of surgery.

� Informed consent should include discussion of failed
spinal and its management.

Obstetric and gynecological anesthesia
[3] the overall incidence of SA failure was 5.5% and
failure rate did not differ between scheduled and
unscheduled CD. We believe that conversion rates
are indicators to be used with great caution since
they do not reflect intraoperative pain. Further-
more, aiming for a lower rate carries the risk of more
women in pain.
What is a failed spinal?

Although failure rates of SA for CD have been dis-
cussed for more than 30years, the definition of
failure has only recently been questioned [1

&&

], espe-
cially in consideration of the patient’s experience
[6]. In fact, analgesic supplementation or intraoper-
ative conversion to GA certainly underestimates the
incidence of intraoperative pain. Although aware-
ness under GA has received a lot of attention, this is
not the case for ‘awareness’ under regional anesthe-
sia. On the other hand, in medico-legal claims of
obstetric anesthesia, pain during CD is more fre-
quent than accidental awareness under GA [7

&&

,8].
Although the RCoA improvement compendium

suggests that the rate of pain during CD carried out
under regional anesthesia could be an outcome to
monitor, no acceptable rate is specified [5].
What are reasons for failure?

Previous narrative reviews have detailed the possible
causes of SA failure [9,10]. The vast majorities of
failures are likely due to technical problems or oper-
ator related, whereas ineffective drug action and
local anesthetic resistance are probably extremely
rare. Common technical problems include: failed/
difficult lumbar puncture; patient positioning; nee-
dle type; needle insertion; loss of injectate; inad-
equate intrathecal spread; or errors in injectate
preparation such as inadequate dose, type of drugs
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or density. A broad spectrum of local anesthetic
concentrations in CSF were measured in case of
failed SA [11]. Other known issues are pseudo-suc-
cessful lumbar punctures. They occur when a reflux
of clear fluid is mistaken for CSF when it is in fact
due to a previous injection (local anesthetic or epi-
dural saline). Pseudo-successful lumbar punctures
can also occur in case of Tarlov cyst [12] or when
accidental needle movement or needle position
results in partial injection into the epidural space
[9,10]. The frequency of occurrence of these various
etiologies and their relative contributions to SA fail-
ures in clinical practice are largely unknown.
Prevention

SA is one of themost reliable regional blockmethods
[9]. The best way to handle failed SA is similar to
management of the difficult airway in obstetrics:
anticipate the risk and avoid it – but have a good
plan if you do have to manage it. The first step to
minimize the risk of failed SA is to recognize the
importance of a meticulous approach when per-
forming the block [9]. This includes positioning of
the patient, identification of subarachnoid space,
injection of the solution and patient management
throughout the procedure [9].

Knowledge of risk factors for SA failures is
obviously critical in order to handle modifiable risk
factors.
Risk factors for spinal failure

There are two recent retrospective studies, which
analyzed factors associated with SA failure and are
summarized in Table 1. Stav et al. [13

&&

] included
4305 patients and calculated odds ratios for con-
version to GA, while Jin et al. [2

&&

] included 5361
patients and calculated odds ratios for repeat neu-
raxial technique or conversion to GA.

Jin et al. [2
&&

] also ranked risk factors for require-
ment of alternate anesthetic technique or analgesic
supplementation when 12 mg hyperbaric bupiva-
caine with fentanyl and morphine was used. The
rank of these risk factors were:
(1)
 Previous CD (independent of the number of CD)

(2)
 Longer surgery duration

(3)
 Lower birth weight

(4)
 Lower gestational age

(5)
 Lower body mass index

(6)
 Tubal ligation
Lower birth weight and lower gestational weight
are obviously related. Adescope et al. [3] found
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Table 1. Factors associated with spinal anesthesia failure

Parameter Odds ratio 95% Confidence interval Reference

Previous CD 11.33 7.09--18.20 [2&&]

Tubal ligation 8.23 3.12--19.20 [2&&]

Peripartum hemorrhage 5.96 1.09--25.18 [13&&]

Size of spinal needle 27 G vs. 25 G 5.08 1.91--13.27 [2&&]

Height of lumbar puncture (L4/5 vs. L3/4 or L2/3) 1.81 1.06--3.10 [2&&]

Emergency CD 1.68 0.99--2.80 [2&&]

Surgical duration (per minute) 1.03 1.02--1.04 [13&&]

Body mass index (per kg/m2) 0.94 0.90--0.98 [2&&]

Gestational age (per week) 0.91 0.84--0.99 [2&&]

Dose of bupivacaine 0.54 0.38--0.75 [13&&]

CD, cesarean delivery.

Table 2. Suggested strategies to reduce the risk of failed

spinal anesthesia

Adequate dosing of local
anesthetic

Increase with low birth weight,
<29 weeks of gestation,
prophylactic vasopressor
infusion

Add intrathecal lipophilic
opioid

Fentanyl or Sufentanil

Consider CSE in expected
longer surgical duration

Particularly in repeat CD, tubal
ligation

Appropriate motor and
sensory testing before
start of surgery

Consider repeat spinal if no effect
at all. Otherwise, consider
reduced dose spinal, CSE or
change to epidural anesthesia

CD, cesarean delivery; CSE, combined spinal epidural technique.
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increased SA failure rates in neonates below 28weeks
of gestation or birth weight below 2500g. In preterm
CD, less women reached a sensory level of T4, and it
took longer to get there when compared to term CD
[14]. Thehypothesis is that inpregnantwomen lower
dose of intrathecal drugs are required because there is
a decrease in subarachnoid and epidural volumes due
to uterine enlargement, caval obstruction and epi-
dural vein distension. However, in preterm pregnan-
cies and in lower birth weight the volume of
intrathecal/epidural volume might be less affected,
and the usual reduced intrathecal doses may prove
insufficient [3]. The same might be true for patients
with low body mass index [2

&&

].
Interestingly, the lumbar level of spinal punc-

ture can also influence the risk of SA failure, as the
failure rate seems higher with punctures at L4/5 or
L5/S1 when compared to higher levels [2

&&

]. The
local anesthetic solution might be entrapped below
lumbar lordosis, especially if performed in the sit-
ting position [9]. On the other hand, a higher lum-
bar level cannot be recommended without a word of
caution: clinical determination of lumbar level is
alarmingly inaccurate [15] and direct needle trauma
to the conus has been described [16]. It seems cau-
tious to select a lower lumbar level unless the correct
lumbar level is verified by ultrasound.

The use of intravenous prophylactic phenyl-
ephrine to prevent hypotension appears to influ-
ence the spinal block. In a randomized trial, Xiao
et al. [17] found a 20% higher ED95 for hyperbaric
bupivacaine when combined with a prophylactic
phenylephrine infusion, as compared to a placebo
infusion. Of note, for methodological reasons, SA
were performed in this study without the use of
intrathecal adjuvants.

Patient positioning can influence intrathecal
spread of local anesthetics. When comparing sitting
0952-7907 Copyright © 2024 The Author(s). Published by Wolters Kluwe
vs. lateral position for placement of SA, the lateral
position leads to a significantly faster onsetof sensory
block by 3 min, while motor block was only slightly
faster [18]. The lateral position also led to less hypo-
tension and higher maternal satisfaction scores.
The final height of the block was not different.

Lack of expertise also is likely to influence the
failure rate. In a recent retrospective matched case–
control study, the rate of SA failure was higher when
performed by third year residents compared to regis-
trars [19].

Table 2 summarizes strategies to minimize the
risk of SA failure.
PREOPERATIVE FAILURE

Testing the block

Testing of the block should be performed with the
intention of excluding an inadequate block, and not
to confirm that the block is working. In a case series
r Health, Inc. www.co-anesthesiology.com 209
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of obstetric litigation, 42% of surgeries started
despite evidence of inadequate neuraxial anesthesia
[8].

There is no reason to test for the upper sensory
level of SA until some extent of motor block has
been established in the lower extremities. The easi-
est method to test for motor block is the straight leg
test, where the patient is asked to lift the legs against
gravity. The narration of Susanna Stanford is a
frightening example that asking the same question
over and over again (i.e. testing for cold sensation)
eventually leads to a (false) positive answer [6].
Recently, a working group by the Obstetric Anaes-
thetist’s Association (OAA) in the UK has published
guidelines on prevention and management of intra-
operative pain during CD [7

&&

]. These guidelines also
cover informed consent and management of intra-
operative pain and give a detailed recommendation
on preoperative assessment of neuraxial block [7

&&

].
A level of T5 to loss of touch sensation is

required for CD [7
&&

]. With a sensory level of T10
a forceps test is probably already negative. For psy-
chological reasons, we recommend that anesthesi-
ologists do not allow surgeons to perform a forceps
test at the site of incision before the sensory level
required for surgery, i.e. loss of touch sensation at T5
or above, has been reached.
Repeat neuraxial or general anesthesia?

In case of preoperative failure of SA, the question
arises whether to repeat a neuraxial procedure or to
switch to GA. There are concerns about repeating a
neuraxial procedures with the two most important
being, firstly an excessive spread of the second dose
leading to high or total spinal block, and secondly a
theoretical increased risk of direct nerve trauma, as
adjacent nerve tissue might already be anesthetized
[9]. In case of a total failure of the first intrathecal
injection, that is, absence of any measurable effect,
including sacral dermatomes, there is probably no
additional risk in repeating the SA with the usual
dosage [9]. In case of partial effect of SA or in the
situation of unsuccessful extension of epidural labor
analgesia for CD, there must be a word of caution
about a second SA. In a randomized trial of repeat
spinal after failed SA for CD, the use of 12mg of
hyperbaric bupivacaine significantly increased the
incidence of high spinal block, hypotension, brady-
cardia and respiratory compromise when compared
to 10mg [20]. In case of a repeat injection, additives
such as opioids should be omitted. Reassuringly,
there was no report of cardiac arrest in repeat SA
and only one event in a patient with SA following
failed epidural augmentation in the 7th national
audit project (NAP7) in the UK [21

&

]. Nevertheless,
210 www.co-anesthesiology.com
the authors advocate to use of strategies to reduce
the risk of high block when using a second neu-
raxial technique [21

&

]. A reasonable approach in
case of partial failure is to use CSE with a reduced
intrathecal dose or to switch to a pure epidural
technique.
INTRAOPERATIVE FAILURE

Definition and perception of intraoperative
pain

Conversion of regional anesthesia to GA or use of
intravenous opioids has been used as a definition of
intraoperative pain, but as alreadymentioned these
are inadequate measures of intraoperative pain
[1

&&

]. Despite evidence of intraoperative pain,
33% of anesthesiologists did not accept failure of
the block and did not act accordingly [8]. A recent
prospective observational study found intraopera-
tive pain to be reported by the patient in 11.9%
(95% CI 7.9–17.5) of the patients undergoing CD
under SA [22

&&

]. This number is of even higher
significance, as women with a sensory block below
T4 to pinprick and T2 to cold were excluded, as
were prolonged surgical procedures lasting more
than 90 min. Of note, the presence or absence of
intraoperative pain was reported by the patients
using a questionnaire administered in post anes-
thesia care unit. One third of patients reported pain
before delivery, two thirds after delivery. Most
importantly, obstetricians and anesthesiologists
were unable to accurately identify intraoperative
pain of parturients. The false negative rate of pain
perception was 82.6% and 52.2% for obstetricians
and anesthesiologists, respectively [22

&&

].
Management of intraoperative pain

Management of intraoperative pain is crucial, as
patients can experience psychological trauma not
only by the pain itself, but as well as by how it is
managed [1

&&

]. There are different options to react to
insufficient intraoperative SA, and these depend on
the urgency of the situation and on the stage of the
cesarean delivery. The surgeon should be asked to
stop the surgery [7

&&

]. Except for the moment
between uterine incision and delivery, this should
always be possible. In the statements of the Commit-
tee on Obstetric Anesthesia of the American Society
of Anesthesiologists several systemic and inhaled
medications are proposed for supplementation of
inadequate regional blockade during CD [23] Unless
contra-indicated, first line treatment should consist
of repeated intravenousboluses of fast actingopioids,
such as remifentanil (20mg), alfentanil (250–500 mg)
Volume 37 � Number 3 � June 2024
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or fentanyl (25–50 mg) since they alleviate intraoper-
ative pain. Some do also recommend small doses of
ketamine (10 mg), alpha-2 adrenergic agonists or
nitrous oxide. Pure hypnotic agents such as midazo-
lam and propofol should not be used without an
analgesic. The time of intraoperative pain is impor-
tant. In the case of early intraoperative pain, i.e.
before delivery, intravenous opioids are unlikely to
be effective. In this situation, the patient should be
offered GA. If pain is perceived towards the end of
surgery – suchasdue toprolonged surgical time, then
wound infiltration with local aesthetics by the sur-
geon can be an effective method. Intraabdominal
dissemination of 2-Chloroprocaine 3% has been
reported to reduce intraoperative pain after delivery
[24]. Experience with this method is, however, lim-
ited to one published case series of 32 patients. Most
importantly, believe the patient if she says she is in
pain. There should be a low threshold to offer GA.
Recommendations for themanagement of intraoper-
ative pain are summarized in Table 3.
Documentation

Meticulous documentation is essential. This
includes assessment of the block with all tested
modalities. Intraoperative pain and all measures
taken to improve the situation should also be docu-
mented, as well as the patient’s response. If the
patient is offered general anesthesia, this should
be visible from the notes.

Follow-up of patientswho experienced intraoper-
ative pain is important [7

&&

]. Postoperative visits
prior to hospital discharge should be systematic,
documented and repeated if necessary. Sometimes
questions arise only weeks or months following a
traumatic event. We do offer interdisciplinary meet-
ings with the patient and her partner to discuss pos-
sible reasons, room for improvement and anticipate
care during apotential future pregnancy anddelivery.
Table 3. Management of intraoperative pain

If the patient says she is in pain, believe her

Ask the surgeon to stop the surgery

If pain occurs before delivery, general anesthesia should be
offered

Repeat boluses of fast acting opioids might relieve the pain

Hypnotic agents should be used cautiously and in conjunction with
fast acting opioids

Offer general anesthesia

Surgical wound infiltration if pain is towards end of surgery

Document patient perceptions and all measures taken in the patient
chart

0952-7907 Copyright © 2024 The Author(s). Published by Wolters Kluwe
Informed consent

Given the knowledge on failing spinal anesthesia
for CD summarized in this article, it would seem
obvious that the process of informed consent
includes information on expected and unexpected
sensations during CD under regional anesthesia
[7

&&

]. This information should include the frequency
of failure of the technique and the different options
to improve the situation, including the possibility of
conversion to GA. Following the OAA guideline,
general anesthesia should not only be discussed as
a rescue technique, but as the primary alternative to
neuraxial anesthesia [7

&&

].
Only 23% of survey respondents had formal

training of intraoperative pain under neuraxial
anesthesia and only 30% had written guidelines
for follow up of such patients [25

&

].
CONCLUSION

Pre- or intraoperative failure of SA for CD occurs in
up to 12%. Meticulous testing of neuraxial block
allows for identification of failure before the start of
surgery. Knowledge of risk factors for failed spinal
allow for selection and adjustment of the anesthetic
technique, such as adequate intrathecal dosing or
use of CSE. In the case of repeat neuraxial technique,
a strategy to reduce the risk of high block should be
chosen. Management of intraoperative pain starts
by trusting the patient when she expresses pain
and appropriate measures will depend on the prog-
ress of surgery. The process of preoperative informed
consent should include information on expected
sensations during CD, frequency of failure and
options for treatment.
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