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Background: The clinical outcomes and safety of thoracic epidural catheterization in
anesthetized adult patients has not yet been established. The purpose of this study was
to compare clinical differences between epidural catheterization performed before and
after anesthesia for postoperative pain control.

Methods: The medical records of 549 patients who received thoracic epidural catheter-
ization before (awake group, n = 303) or after (anesthetized group, n = 246) induction
of anesthesia for major abdominal surgery were reviewed retrospectively.

Results: The catheter insertion time (1.6 + 1.5 vs. 1.1 + 1.2 min; 95% confidence inter-
val [95% Cl], 0.3-0.8; effect size, 0.368; P < 0.001) and number of attempts required
for successful epidural catheterization (1 [1, 3] vs. 1[4, 2], P = 0.003) were increased in
the awake group. The incidence rates of dural puncture, vascular injury and postopera-
tive paresthesia were similar between the two groups. The median surgical site numeri-
cal rating scale pain score (O = no pain, 10 = worst pain imaginable) was lower in the
awake group than in the anesthetized group (3 vs. 4 on postoperative day 1, P < 0.001;
and 2 vs. 3 on postoperative day 3, P = 0.002). Serious complications, including menin-
gitis, epidural abscess, epidural hematoma, spinal cord injury, and paraplegia, were not
observed in either group.

Conclusions: Successful epidural catheterization before induction of anesthesia re-
quired more attempts versus after anesthesia. Overall complication rates of thoracic
epidural catheterization were similar regardless of the timing of the procedure.

Keywords: Catheterization; Epidural analgesia; Postoperative complications.

INTRODUCTION

Thoracic epidural anesthesia and analgesia is not only the
most effective type of analgesia, but also decreases the time
required for tracheal extubation, the duration of intensive
care unit (ICU) stay, levels of serum stress hormones, and the
consumption of opioids within 24 hours after operation [1-3].

In addition, thoracic epidural analgesia positively impacts on

intestinal recovery, dietary intake, quality of life and mortality
rate after major abdominal surgery [4,5].

In pediatric cases, the efficacy and safety of regional an-
algesia, including for caudal, lumber and thoracic epidural
catheterization, has been well established, with such anes-
thesia being commonly applied in the context of deep seda-
tion or general anesthesia [6,7]. However, thoracic epidural

catheterization for anesthetized adult patients is still contro-
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versial, due mainly to safety issues [8]. In a previous study
analyzing 4,298 anesthetized adult patients, lumbar epidural
catheterization carried a small risk of neurological complica-
tions [9]. Few studies have compared the clinical efficacy and
safety of thoracic epidural catheterization between awake
and anesthetized adult patients. This study evaluates whether
there are clinical differences in the optimal timing of epidural
catheterization (i.e., before vs. after induction of anesthesia)
by retrospectively analyzing the medical records of patients
who underwent thoracic epidural catheterization for pain

control after major abdominal surgery.

MATERIALS AND METHODS

This retrospective study was approved by the Institutional
Review Board (IRB) of our hospital (IRB no. 2017-09-001-
001). The requirement for informed consent was waived
because there was no intervention component, only a chart
review. We retrospectively reviewed the routine electronic
medical records and handwritten epidural procedure records
of patients who underwent thoracic epidural catheter inser-
tion during major abdominal surgery from January 2012 to
December 2015. Records were classified according to the
presence or absence of anesthesia during catheter insertion:
1) awake group: epidural catheterization performed before
general anesthesia; and 2) anesthetized group: epidural cath-
eterization performed after induction of general anesthesia.
The exclusion criteria were abnormal blood coagulation,
indwelling endotracheal tube on leaving the operating room,
transfer to an ICU after surgery, and incomplete medical re-
cord documentation.

All patients fasted preoperatively for at least 8 hours. After
routine monitoring of noninvasive blood pressure and oxy-
gen saturation, as well as an electrocardiogram, general anes-
thesia was induced with propofol, rocuronium and remifen-
tanil. Endotracheal intubation was performed in all patients
for mechanical ventilation during surgery. Maintenance of
anesthesia was achieved using desflurane and remifentanil in
all patients.

In the awake group, epidural catheter insertion was per-
formed immediately prior to induction of anesthesia, while
epidural catheter insertion was conducted immediately after
anesthesia induction in the anesthetized group. All epidural

catheterization procedures were performed in the lateral de-
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cubitus position for the purpose of postoperative analgesia,
as induced by an experienced anesthesiologist. For catheter-
ization before general anesthesia, 2-3 ml of 2% lidocaine was
injected at the skin puncture site. An 18-gauge Tuohy needle
and 20-gauge epidural catheter were inserted in the T9-12
thoracic region, according to the surgical procedure. In both
groups, a paramedian approach and loss of resistance (LOR)
technique (using an air-filled glass syringe) were used to ap-
proach the epidural space. Catheter placement was tested by
injection of 2% lidocaine with 1:200,000 epinephrine (total, 3
ml) after catheter insertion into the epidural space to a depth
of 4 cm. Approximately 30 minutes after epidural catheteriza-
tion, epidural patient-controlled analgesia (PCA; mixture of
local anesthetic [200 ml of 0.2% ropivacaine] and opioid [500
ug of fentanyl]) was started at a continuous infusion rate of 3
ml/h (bolus of 1 ml and lockout interval of 30 minutes). After
surgery, sugammadex, or a combination of pyridostigmine
and glycopyrrolate, was injected for reversal of the neuro-
muscular blockade.

The data obtained during thoracic epidural catheterization
were analyzed in terms of: 1) time taken for epidural catheter
insertion (from skin puncture with Tuohy needle to removal
of the needle after catheterization); 2) number of attempts
required for successful epidural catheter insertion; 3) ease of
catheter insertion (subjective opinion of the practitioner: easy
or difficult); and 4) incidence of dural puncture, radicular
pain and vascular injury (blood return from Tuohy needle or
catheter, either spontaneously or during aspiration) during
epidural needle or catheter insertion.

The postoperative data were analyzed in terms of: 1) dura-
tion of epidural PCA infusion; 2) pain score on numerical
rating scale (NRS; 0 = no pain, 10 = worst pain imaginable)
for the wound in the operating site on postoperative days 1
and 3; 3) incidence of thoracic back pain caused by thoracic
epidural placement and maximum NRS thoracic back pain
score during hospitalization: 4) minor complications, such
as headache, nausea, vomiting, urinary retention, dizziness,
pruritus, constipation, or signs of paresthesia including prick-
ling, tingling, or numbness; and 5) serious complications,
such as meningitis, epidural abscess, epidural hematoma, or

paraplegia.
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Statistical analysis

All data were analyzed with PASW Statistics software (ver.
18.0 for Windows, IBM Co., USA). The normality of the data
distribution was tested using the Shapiro-Wilk test. The data
were analyzed using the #-test or Mann-Whitney U test for
continuous variables, and the chi-squared test or Fisher’s
exact test for categorical variables, as appropriate. Data are
expressed as means + standard deviation (SD), medians (1Q,
3Q), percentages, or numbers. P < 0.05 was considered statis-

tically significant.

RESULTS

A total of 602 patients were enrolled, with 53 excluded based
on the study exclusion criteria. The final total of patients was

549: 303 were awake during epidural catheterization and 246

Table 1. Demographic Data

were anesthetized.

Demographic data were similar between the awake and
anesthetized groups (Table 1). The data on epidural catheter-
ization time and number of attempts required for successful
epidural catheterization are shown in Table 2. The procedure
time (1.6 + 1.5 vs. 1.1 + 1.2 min; 95% confidence interval [95%
CIJ, 0.3-0.8; effect size 0.368; P < 0.001) and number of at-
tempts (1 [1, 3] vs. 1 [1, 2], median [1Q, 3Q], P = 0.003) were
significantly increased in the awake group. The presence of
radicular pain during catheterization was noted only in the
awake group, where 1.7% (5/303) of the patients in that group
reported pain. The ease of catheter placement, and incidence
of dural puncture and vascular injury were similar between
the two groups.

Duration of epidural PCA infusion was similar between the
groups (Table 3). The NRS pain score for the operation site

in the awake group was lower than that in the anesthetized

. Awake group Anesthetized group
Variable (n=303) (n = 246) P value

Sex (male) 198 (65.3) 167 (67.9) 0.531
Age (yr) 63.6+11.8 63.1+11.6 0.590
Weight (kg) 61.5+10.0 609+ 11.3 0.346
Height (cm) 160.8 £ 8.8 162.1+85 0.087
ASA physical status (I/11/111) 52/197/54 51/144/51 0.295
Duration of surgery (min) 233.2+98.4 2259+84.4 0.747
History of low back pain 119 (39.3) 97 (39.4) 0.995
Position during the operation (supine/lithotomy) 198/105 159/87 0.862
Type of operation (open/laparoscopy) 173/130 138/108 0.814
Interventions 0.799

Colon surgery 156 (51.5) 127 (51.6)

Stomach surgery 107 (35.3) 87 (35.4)

Liver surgery 9(6.3) 10 (4.1)

Pancreaticoduodenectomy 16 (5.3) 17 (6.9)

Combined operation 5(1.7) 5(2.0)

Values are expressed as humber (%), mean + SD, or number. Combined operation includes two or more abdominal organ surgery. ASA: American

Society of Anesthesiologists.

Table 2. Measurements during Epidural Catheterization

. Awake group Anesthetized group
Variable P value
(n=303) (n=246)
The time for catheterization (min) 16+15 11+1.2 <0.001
Number of attempts 1(4,3) 1(4,2) 0.003
The easiness of catheter insertion (easy/difficult) 208 (68.6)/95 (31.4) 177 (72.0)/69 (28.0) 0.400
Radicular pain 5(1.7) NA NA
Dural puncture 3(1.0) 2(0.8) > 0.999
Vascular injury 32(10.6) 32(13.0) 0.374
Values are expressed as mean + SD, median (1Q, 3Q), or number (%). NA: not applicable.
www.anesth-pain-med.org 97
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Table 3. Duration of Epidural Patient-controlled Analgesia and Postop-
erative Pain Score

Awake Anesthetized
Variable group group P value
(n=303) (n=246)
PCA infusion duration (h) 76.6+25.7 783+20.7 0.070
All surgeries 303 246
Postoperative day 1 3(2,4) 4(3,5) <0.001
Postoperative day 3 2(2,3) 3(2,4) 0.002
Colon surgery 156 127
Postoperative day 1 3(2,4) 5(3,5) <0.001
Postoperative day 3 2(2,3) 3(3,5) 0.005
Stomach surgery 107 87
Postoperative day 1 3(2,5) 4(3,5) 0.001
Postoperative day 3 2(2,3) 3(2,4) 0.055
Liver surgery 19 10
Postoperative day 1 3(3,4.5) 4(2,5) 0.795
Postoperative day 3 2(2,3) 25(1,4) 0.854
Pancreaticoduodenectomy 16 17
Postoperative day 1 3(3,3.8) 5(3,5) 0.038
Postoperative day 3 3(2,3.8) 2(2,3.5) 0.681

Values are expressed as mean + SD, number, or median (1Q, 3Q).

group (3 [2, 4] vs. 4 [3, 5] on postoperative day 1, P < 0.001, and
2[2, 3] vs. 3 [2, 4] on postoperative day 3, P = 0.002]). The post-
operative pain scores were significantly lower in the awake
group compared to the anesthetized group on days 1 and 3
after colon surgery (3 [2, 4] vs. 4 [3, 5] on postoperative day 1, P
<0.001 and 2 [2, 3] vs. 3 [3, 5] on postoperative day 3, P = 0.005).
In addition, pain scores were significantly lower in the awake
group compared to the anesthetized group on day 1 after
stomach surgery (3 [2, 5] vs. 4 3, 5], P = 0.001) and pancreati-
coduodenectomy (3 [3, 3.8] vs. 5 [3, 5], P = 0.038) (Table 3).
Adverse events did not show an intergroup difference (Ta-
ble 4). Serious neurological complications, such as meningi-
tis, epidural abscess, epidural hematoma, spinal cord injury,
spinal cord ischemia and paraplegia, were not observed in

either group.

DISCUSSION

The optimal timing of epidural catheterization in adult pa-
tients is controversial. Epidural catheterization under general
anesthesia can reduce patient discomfort and anxiety, but for
several reasons it may also increase the incidence of serious
complications. First, the reliability of an epidural test dose
containing epinephrine, which is used to avoid the need for

intravascular injection of local anesthetics, is reduced be-
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Table 4. Adverse Events

Awake Anesthetized
Event group group P value
(n=303) (n=246)

Thoracic back pain 22 (7.3) 20(8.1) 0.703
Maximal back pain (NRS) 2(1,3) 1(1,2.8) 0.128
Headache 10(3.3) 5(2.0) 0.365
Nausea 8(2.6) 6(2.4) 0.882
Vomiting 2(0.7) 1(0.4) >0.999
Urinary retention 4(1.3) 3(1.2) >0.999
Dizziness 1(0.3) 2(0.8) 0.590
Pruritus 2(0.7) 1(0.4) >0.999
Constipation 0(0) 1(0.4) 0.448
Paresthesia 7(2.3) 6(2.4) 0.921
Upper extremity 1(0.3) 2(0.8) 0.590
Lower extremity 6(2.0) 4(1.6) >0.999
Serious complications 0(0) 0(0) NA

Values are expressed as number (%) or median (1Q, 3Q). NRS: numeri-
cal rating scale (O = no pain, 10 = worst pain imaginable), NA: not ap-
plicable. Serious complications include meningitis, epidural abscess,
epidural hematoma, spinal cord injury, spinal cord ischemia and
paraplegia in specified period.

cause the hemodynamic response varies by depth and type
of anesthesia [10,11]. Furthermore, general anesthesia makes
it difficult to differentiate between epidural and subarach-
noid injection of local anesthetic, because the patient cannot
complain of symptoms resulting from a sudden increase in
the spinal anesthesia level, such as changes in consciousness.
Second, the practitioner cannot obtain information about
impending nerve injury from patients under general anesthe-
sia; therefore, epidural placement while awake ameliorates
concerns regarding several complications, especially neuro-
logical ones [8]. However, if the patient is uncooperative and
requires epidural anesthesia, the practitioner can attempt the
procedure with the patient in an anesthetized state.

There was a statistically significant difference in the total
catheterization time between the awake and anesthetized
patients in this study, with awake patients requiring more
time for thoracic epidural catheterization. This result is con-
sidered to be due to the increased number of catheterization
attempts in awake patients. The time required for epidural
catheterization in awake patients is affected by various fac-
tors, such as patient anxiety, cooperation, position and pain.
The most important factors in terms of procedure time in
awake patients are patient mobility and cooperation (i.e.,
maintaining the proper position), where discomfort may

arise from pain and anxiety during the procedure. Epidural
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placement under general anesthesia may provide a more
comfortable environment for the practitioner, such that the
number of placement attempts required may be reduced.
Multiple catheterization attempts are closely associated with
an increased risk of complications [12]. However, according
to our results, even though the number of attempts increased
in awake patients, this did not increase the incidence rates
of complications such as dural puncture, vascular injuries or
neurological complications. The incidence of dural puncture
in this study was lower than that of a previous study (3.4%),
in which thoracic epidural catheterization was performed in
the lower thoracic region of awake patients [13]. We expected
a decreased incidence of dural puncture and easier place-
ment of the catheter in the anesthetized state, due to the use
of neuromuscular blocking agents that allowed a fixed and
stable spinal position; however, no significant difference in
dural puncture incidence was seen between the two groups.
Although the pain scores on postoperative day 1 were
lower in the awake group than in the anesthetized group
after colon surgery, stomach surgery, and pancreaticoduo-
denectomy, this result requires further investigation. Pain
level differs by type of surgery (e.g., open vs. laparoscopic)
and extent of operation (e.g., presence vs. absence of radical
lymph node dissection). In addition, postoperative pain was
internally controlled by the surgeon and various analgesics
were injected irrespective of patient-controlled epidural
analgesia; these factors could have affected the accuracy of
the postoperative pain score analyses. Furthermore, correct
placement of the epidural catheter was not confirmed by flu-
oroscopy, but only by indirect anatomical assessments (LOR,
surface measurements of depth, palpation). When epidural
catheterization is performed with a paramedian approach,
the catheter is more likely to enter through the lateral side
rather than the midline [14], which may also affect the degree
of analgesia provided by epidural PCA. However, combining
thoracic epidural analgesia and general anesthesia is advan-
tageous for postoperative care, conferring more effective an-
algesia and reducing stress hormone levels relative to general
anesthesia alone [3]. Although thoracic epidural analgesia
carries a lower risk of complications than other perioperative
treatments [2], complications related to thoracic epidural
catheterization can be catastrophic. Complaints including
radicular pain may arise from mechanical stimulation of the

spinal nerve root or cord by the epidural needle or catheter,
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serving as an early warning sign before serious neurological
complications occur [15,16]. Thus, such complaints should
not be ignored, and the epidural needle or catheter should
be withdrawn if they are present. Additional treatment is not
usually necessary and neurological sequelae seldom occur
after catheter withdrawal [13]. Thoracic epidural catheteriza-
tion is not generally recommended under general anesthesia
in patients who have previously undergone spinal surgery at
the epidural catheterization site, because identification of the
epidural space would be difficult due to the obliteration of
predictable surface and anatomical landmarks [15]. Serious
nerve or cord injury may occur in patients under anesthesia
or deep sedation because of an absence of feedback regard-
ing radicular pain. Therefore, thoracic epidural catheteriza-
tion under general anesthesia should be performed carefully,
and only when necessary.

The possibility of traumatic puncture may increase due
to degenerative changes of the spine and reduced epidural
space in elderly patients [2]. Moreover, early detection and
proper management of neurological injury could be impeded
by increased vulnerability to residual anesthetic effects and
mental deterioration in elderly patients [17]. The majority of
serious complications occur in elderly patients with comor-
bidities, regardless of the neuraxial technique applied [18].
Therefore, in these patients, performing epidural catheteriza-
tion while awake, or offering alternative postoperative pain
control methods such as intravenous PCA, seems to be ap-
propriate for avoiding serious complications.

Lumbar epidural catheterization can be performed with a
midline approach without fluoroscopy guidance, because the
anatomy of the lumbar spine is relatively clear. Epidural cath-
eterization is expected to be more technically difficult in the
thoracic region, which could increase the incidence of epi-
dural catheterization-related neurological complications in
the thoracic region compared to the lumbar region. However,
in 4,185 subjects, Giebler et al. [13] showed that the incidence
and predicted risk of permanent neurological complications
after thoracic epidural catheterization were 3.1% and 0.07%,
respectively. The authors concluded that complications after
thoracic epidural catheterization may not be increased after
lumbar epidural catheterization [13]. In accordance with this,
only mild neurological complications, such as headache, diz-
ziness, and paresthesia, were observed in the present study;

there were no permanent or serious complications caused by
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thoracic epidural catheterization.

The overall incidence and number of maximum NRS back
pain scores were not significantly different between the two
groups in this study. Our expectation was that the incidence
of, and scores for, back pain would decrease when thoracic
epidural catheterization was conducted after anesthesia be-
cause of patient immobility, reduced time required for the
procedure, and reduced rate of procedure-related back tis-
sue injury. However, lidocaine injection, which can serve as
preemptive analgesia [19], was administered at the puncture
site only in the awake patient group and likely influenced the
level of back pain. A previous study recorded a 26.7% inci-
dence of back pain after lumbar epidural catheterization with
a midline approach in non-obstetric surgery patients [20]. In
contrast, the incidence of back pain was only 7.3% in awake
patients and 8.1% in anesthetized patients in our study. Al-
though direct comparison is difficult because of the different
regions targeted, the decreased back pain incidence in our
study might have resulted from the use of a paramedian ap-
proach for thoracic epidural catheterization. It is possible
that the midline approach can cause more damage to the
interspinous ligaments, and thus result in greater levels of
subsequent back pain, than the paramedian approach.

This study had some limitations. First, although more
than 500 thoracic epidural catheterization procedures were
analyzed according to the presence or absence of anesthe-
sia at the time of catheterization, the sample size was too
small to effectively compare the incidence of complications;
thus, it is possible that no significant difference in the rate of
complications existed between the two groups. Second, the
retrospective nature of the study precluded long-term follow-
up; only complications that occurred during the hospital
stay were documented and analyzed. If extended follow-up
observations were performed, the incidence of complications
in both groups may have been different. Third, all patients in
this study underwent epidural catheterization in the lower-
thoracic region (T9-12 level). The rate of complications
would likely have been different if upper- and mid-thoracic
epidural catheterizations were included, as dural perforation
and catheter-related complications were more common in
the lower- than mid- or upper-thoracic region in a previ-
ous study [13]. In this study, vascular injury during epidural
catheterization was determined by the absence of blood in

a Tuohy needle hub or negative blood aspiration from the
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Tuohy needle or epidural catheter. However, this approach is
unreliable for detecting intravascular needle placement [21]
and may underestimate the incidence of vascular injury com-
pared to evaluations based on digital subtraction fluoroscop-
ic imaging [22,23]. Finally, use of the lateral decubitus posi-
tion for epidural catheterization can result in an increase in
peak inspiratory pressure and hemodynamic changes, such
as increased heart rate decreased mean arterial pressure, in
anesthetized patients [24,25]. However, such physiological
changes, which may be caused by lateral decubitus position-
ing during epidural catheterization, were not assessed in this
study.

In conclusion, thoracic epidural catheterization in awake
patients requires more attempts for successful catheteriza-
tion versus anesthetized patients, but the risk of complica-
tions does not differ by timing of implementation of the
procedure. However, long-term follow-up studies in larger
populations are needed to ensure the safety of this proce-
dure in anesthetized adult patients. The hazards of thoracic
epidural catheterization posed to anesthetized patients, in
particular serious neurological injury, , as well as the benefits,
must be considered by clinicians despite the extremely rare

occurrence of serious neurological complications.
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