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Case Report

Unintended subdural anesthesia and subdural
air bubbles after attempted epidural anesthesia
in a patient undergoing cesarean section
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Background: Unintended subdural anesthesia accompanied by air bubbles compressing
the cauda after attempting epidural anesthesia is rare.

Case: A 41-year-old pregnant woman was scheduled to undergo epidural anesthesia for ce-
sarean section. After attempting epidural anesthesia, she experienced prolonged hypoten-
sion and recovery time, especially in the right extremity. Through magnetic resonance imag-
ing we found subdural air bubbles compressing the right side of the cauda equina in the L3
region. Thus, we considered unintended subdural anesthesia and performed conservative
management with close observation. Her symptoms completely resolved within 24 h.

Conclusions: Here, we report a case with various features of subdural anesthesia and sub-
dural air bubbles compressing the cauda.
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Several cases of unintended subdural anesthesia during
attempted epidural anesthesia have been reported [1-3].
Subdural anesthesia is not rare, but is often poorly recog-
nized because of confusion and various features of neuraxial
blockade. Therefore, diagnosis can be delayed and some-
times entirely missed. Understanding subdural anesthesia is
important because extensive blockade can spread to the
cervical or cranial nerves, leading to significant cardiovascu-
lar depression due to an impaired sympathetic nervous sys-
tem [1-3]. When performing the loss-of-resistance technique
for epidural anesthesia, the use of air has the advantage of
facilitating the detection of dural puncture [4,5]. However,
there is an accompanying higher incidence of spinal cord
and nerve root compression owing to the mass effect of air
bubbles [6]. Additionally, there is a higher risk of pneumo-
cephalus and venous air embolism [7]. Cases of unintended

subdural anesthesia accompanied by subdural air bubbles
compressing the cauda, as revealed via magnetic resonance
imaging (MRI) is rare. Herein, we report a case of unintend-
ed subdural anesthesia accompanied by subdural air bub-
bles compressing the cauda after epidural anesthesia was
attempted.

CASE REPORT

A 41-year-old pregnant woman at 38 weeks of gestation,
weighing 71 kg and 162 cm in height, was admitted to the
hospital for a cesarean section. The patient was diagnosed
with gestational diabetes mellitus at six weeks of pregnancy.
She underwent myomectomy in 2010 and cesarean section
in 2017 without complications.

Upon admission, laboratory tests were conducted, and the
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results were as follows: hemoglobin level, 13.0 g/dl and fast-
ing glucose level, 94 mg/dl; and no other coagulation abnor-
malities. Considering the severe hypotension experienced
by the patient during a previous cesarean section under spi-
nal anesthesia, we decided to proceed with epidural anes-
thesia. No premedications were administered. In the preop-
erative area, 500 ml colloid (6% volume) was administered.

Upon arrival at the operating room, the patient’s initial vi-
tal signs were measured as follows: blood pressure, 120/70
mmHg; heart rate, 92 beats per min; respiratory rate, 18
breaths per min; and body temperature, 36.3°C. With the pa-
tient in the lateral decubitus position, the L3-4 interspace
was identified, and the puncture site was marked. The sur-
rounding skin was thoroughly disinfected with chlorhexi-
dine and betadine. Local anesthesia was achieved by ad-
ministering 3 ml of 2% lidocaine solution, followed by an
initial puncture using an 18-G Tuohy needle. For the
loss-of-resistance technique, 3 ml of air was applied. After
confirming the loss of air, we verified that there was no re-
gurgitation of cerebrospinal fluid (CSF) or blood. A 20-G
epidural catheter was inserted 4 cm upward into the epidur-
al space and anchored. Three milliliters of 0.75% ropivacaine
were injected via an epidural catheter. When no signs of
subarachnoid or intravascular injection were apparent, a
mixture of 50 pg of fentanyl and 16 ml of 0.75% ropivacaine
was administered. Sensory block assessment using a pin-
prick confirmed the level of T10 6 min after injection. Subse-
quently, 10 min after the injection, the sensory block level
was determined to be T6 via a pinprick, and the patient did
not experience any specific symptoms or complications.
Surgery was initiated, and the patient remained at ease with-
out experiencing any discomfort. The sensory block level
was reached at T5 using a pinprick, 20 min after injection.
The delivery of the fetus and surgical procedure progressed
without complications. Forty minutes after the injection, the
patient’s vital signs were measured as follows: blood pres-
sure, 88/60 mmHg; and heart rate, 70 beats per min. There-
fore, 30 mcg of phenylephrine was injected three times to
address the hypotension. During this period, it was observed
via pinprick that the sensory level reached a blockade at T3.
The surgery lasted for 60 min. A total of 1,900 ml of fluid, in-
cluding 1,200 ml of 0.9% normal saline and 500 ml of 6%
Volulyte, was administered, and the estimated blood loss
was 700 ml. The surgical procedure was completed without
any major issues.

In the recovery room, the spinal level was confirmed to be
T3 using a pinprick and the blood pressure was 96/65
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mmHg. To manage the patient’s blood pressure, 30 pg of
phenylephrine was administered six times to maintain sys-
tolic blood pressure above 90 mmHg. Due to persistently
low blood pressure, a mixture of 10 mg of phenylephrine
and 100 ml of 0.9% normal saline was infused at a rate of 10
ml/h. Five hours after the epidural injection, the sensory
block level was confirmed to be T5, and the modified Brom-
age scale for motor block was 3 in both lower extremities.
Considering the patient’s symptoms and condition, we sus-
pected spinal cord compression. After providing a detailed
explanation to the patient and obtaining informed consent,
MRI of the thoracic and lumbar spine (Fig. 1) was per-
formed, and the patient was subsequently transferred to the
intensive care unit (ICU). The initial vital signs measured in
the ICU were as follows: blood pressure, 102/71 mmHg;
heart rate, 81 beats/min; respiratory rate, 16 breaths/min;
and body temperature, 36.1°C.

Spinal MRI revealed findings suggestive of an acute sub-
dural hematoma or subdural air bubbles located on the
right side of L3, with leftward deviation. Based on a compre-
hensive assessment of the MRI findings and physical exam-
ination, the initial opinion of the neurosurgeon was to con-
sider surgery if the pain was severe. However, if there is a
trend toward recovery without neurological deficits, obser-
vation and conservative treatment are recommended. The
patient received dexamethasone (5 mg) every 4 h. Seven
hours after epidural injection, full recovery of motor and
sensory functions was observed on the left side. However,
on the right side, there was no sensation below the L3 level,
and the Bromage scale score for motor block was 2. Nine
hours after the epidural injection, the sensory block level on
the right side descended to L5, and the Bromage scale score
for motor block was 0. Therefore, we decided to continue
monitoring the patient while administering the dexametha-
sone. On postoperative day 1, no neurological deficits were
observed and the patient exhibited stable vital signs in the
morning. Consequently, the patient was transferred to a
general ward and started on a tapering dose of 5 mg of dexa-
methasone every 6 h. On postoperative day 2, re-evaluation
of the MRI findings suggested a higher possibility of an
acute subdural air bubble rather than a subdural hemato-
ma. On postoperative day 6, the patient had no complica-
tions, and follow-up MRI (Fig. 2) showed improved findings
compared to those of the previous examination. The neuro-
surgery department confirmed that the patient had recov-
ered without neurological deficits and was discharged with-

out the need for further treatment. The patient was then dis-
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Fig. 1. T1-weighted magnetic resonance imaging (A, B) shows a low signal intensity measuring approximately 2.8 x 0.4 cm accompanied
by left deviation of the cauda equine in the L3 region. On T2-weighted MRI (C, D), multiple low-signal-intensity dots were observed in the
anterior aspect of the spinal cord (indicated by arrows), suggesting the presence of air bubbles in the L3 region.

charged. Subsequent outpatient follow-ups confirmed the
absence of abnormalities.

DISCUSSION

Epidural anesthesia during cesarean section offers several
benefits. First, the epidural catheter can extend the duration
of anesthesia and facilitate effective postoperative pain man-
agement. Second, it demonstrates minimal alterations in vi-
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tal signs, thereby exhibiting a relatively low occurrence of
hypotension, which is a significant concern during cesarean
section. Third, the successful implementation of epidural
anesthesia eliminates the risk of dural puncture, mitigating
the potential development of postdural puncture headache,
which is often associated with other anesthesia methods [8].

However, it is important to note that epidural anesthesia
rarely leads to unintended subdural injections, as evidenced

by the reported case [1-3]. Subdural spaces seem to be creat-
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Fig. 2. In the T2-weighted magnetic resonance imaging (MRI) (A, B), the interval follow-up shows improvement in the presence of air

bubbles and left deviation of the cauda equine in the L3 region.

ed by traumatic meningeal dissection between the dural and
arachnoid layers, rather than a fixed potential space [9].
Thus, according to the subdural dissection plane, the neural
blockade presented unexpected and variable features. Sev-
eral risk factors have been associated with subdural injec-
tions, including difficult epidural catheter placement, com-
bined spinal-epidural anesthesia, dural puncture, leakage of
local anesthesia due to aggressive needle manipulation, and
altered anatomy resulting from previous back surgeries
[10,11]. In the present case, the patient, a parturient with a
body mass index > 27, had a slightly challenging epidural
placement, although she did not exhibit any other identifi-
able risk factors.

In cases of subdural injection, the onset of neuraxial
blockade is variable (between 7 and 30 min) [7,10,11]. The
extension of the blockade could be restricted or widespread
to the cervical or cranial nerves, which may lead to signifi-
cant cardiovascular depression due to impairment of the
sympathetic nervous system [1]. Regarding the specific case
of this patient, the onset of anesthesia was observed to be 5
min, indicating a relatively rapid onset. No segmental blocks
were detected during the procedure. However, a greater sen-
sory block up to T3 and hypotension, attributed to an im-
paired sympathetic nervous system, were observed.

When performing the loss-of-resistance technique for epi-
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dural anesthesia, there is no significant difference in the on-
set and analgesic quality between air and saline [4,5]. Air fa-
cilitated the detection of dural punctures. However, there is
a higher incidence of spinal cord and nerve root compres-
sion due to the mass effect of air bubbles [6]. Additionally,
there is a higher risk of pneumocephalus and venous air
embolism [7].

In our patient, the cauda equina deviation occurred be-
cause of the mass effect caused by air bubbles in the subdu-
ral space at the L3 level, resulting in a prolonged sensory and
motor block on the right side. Dural lacerations or punctures
can cause severe complications such as unintended wide-
spread block, lumbar pain, radiculopathy, and even cardiac
arrest. Therefore, this procedure must be performed with
awareness [7,12].

To prevent complications, care should be taken when ro-
tating the Tuohy needle once it enters the epidural space. In
addition, every top-up should be administered in a fraction-
ated manner, as per usual safe practice. Using single-orifice
catheters may be preferable to using orifice catheters [11].
Finally, it is crucial to administer the minimum amount of
air during the loss of resistance for epidural procedures. In
this case, the sensation of resistance loss after the initial air
injection was unclear. Consequently, we attempted multiple
times to confirm the epidural space with a total volume of 3
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ml and an air bubble of size 2.8 cm x 0.4 cm was identified
on MRI images. Therefore, we recommend a cautious ap-
proach involving confirmation of the epidural space with
volumes less than 3 ml. Therefore, ultrasonography may also
be beneficial. Although it cannot directly detect air bubbles,
it can be used to confirm appropriate needle position during
the procedure. However, their use in parturients is limited
by positional restrictions.

Two diagnostic methods are available for identifying sub-
dural air injections: an algorithmic approach and a radiolog-
ical method. In 1988, Lubenow et al. [13] proposed the diag-
nostic criteria for subdural injection. The major criteria in-
cluded a negative aspiration test and unintended extensive
sensory block, while the minor criteria included a delayed
onset by 10 min or more of sensory or motor block, a vari-
able motor block, and sympatholysis out of proportion to
the administered dose of local anesthetic. A subdural injec-
tion was considered to have occurred if both of the major
criteria and at least one minor criterion were present. More
recently, another diagnostic algorithm was proposed in 2009
by Hoftman and Ferrante [14] who expanded on the previ-
ously proposed algorithm and introduced a four-step diag-
nostic algorithm. The initial step relies on the operator’s
judgment, considering the tactile sensation during catheter
insertion and the presence or absence of CSE. The second
step involved assessing the extent of the dermatomal distri-
bution and categorizing it as excessive, restricted, or incon-
clusive. However, radiological analysis could clearly prove
subdural injection from the heterogeneous features of the
clinical symptoms. In radiological observations, air bubbles
can be identified using X-rays when present in substantial
quantities. This was further confirmed by CT scans. Howev-
er, there are some limitations to the use of radiography and
CT in pregnant women. MRI findings play a crucial role in
differentiating between air and hematomas. Acute hemato-
mas occurring within 12 h typically exhibit isointensity on
T1-weighted images and hyperintensity on T2-weighted im-
ages. Additionally, it is important to consider the possibility
of a hematoma in patients presenting with back pain, a his-
tory of clotting disorders, or those undergoing anticoagulant
therapy [15]. Our patient’s postoperative MRI findings
showed low signal intensity on both T1- and T2-weighted
images. Thus, we ruled out the possibility of a hematoma by
using MRL

In an epidural block, the administration of 0.5-1.0% ropiv-
acaine typically results in a duration with a two-dermatome

regression time of 90-180 min, and a complete resolution
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time of 240-420 min. In this case, the maximal level reached
was at T3, and despite 5 h passing after injection, the senso-
ry block level remained at T5. Therefore, MRI was performed
to suspect a mass effect due to an air bubble or hematoma,
in addition to the local anesthetic-induced epidural block.
While there are no predefined indications for imaging and
the consequences of a missed diagnosis are serious, it may
be necessary to consider an imaging study if the sensory
block level shows less change compared to the prediction
made by the physician.

Conservative treatment is generally effective in cases
where spinal cord compression arises from air bubbles. If the
symptoms persist, intravenous dexamethasone administra-
tion can be considered to alleviate them. Swift removal of the
epidural catheter is crucial, and patients should undergo bed
rest with meticulous monitoring of their vital signs. In the
presence of sympathetic blockade symptoms and signs, va-
sopressors such as phenylephrine may be necessary to regu-
late blood pressure. Moreover, special attention must be paid
to the potential occurrence of apnea, profound bradycardia,
and loss of consciousness, which may result from higher
neural blockade [1,2]. Generally, without specific interven-
tions, symptoms in the majority of cases tend to resolve
spontaneously over time. However, complications such as
pneumocephalus, venous air embolism, and subcutaneous
emphysema can occur, which may lead to poor prognosis
and require invasive treatment. Subdural air collection usu-
ally causes minor complications, such as mild motor or sen-
sory blocks or mild headaches due to increased intracranial
pressure. Conservative treatments, including bed rest, Fowl-
er’s position, and oxygen administration, are usually suffi-
cient, and in 85% of the cases, air bubbles are absorbed with-
in 2-3 weeks [16]. However, if symptoms persist or are severe,
surgical decompression may be necessary [7].

Clinicians should be aware of the potential signs and
symptoms of subdural anesthesia to enable its early diag-
nosis and effective management. Additionally, to mitigate
the potential side effects of subdural air bubbles in the clin-
ical field, it is crucial to minimize the injection of air during
confirmation of the loss of resistance during epidural anes-
thesia.
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