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Background: Thoracic epidural analgesia (TEA) provides superior postoperative pain control
compared to parenteral opioids after major thoracic and abdominal surgeries. However, some
studies with respect to benefits of continuous TEA have shown mixed results. The purpose of
this study was to determine the rate of successful TEA catheter insertion into the epidural space
using contrast fluoroscopy and the impact of placement location on postoperative analgesia
and opioid use.

Patients and methods: After Advocate health care institutional review board approval, we
conducted a prospective, open-label, single intervention study on patients undergoing thoracic
or upper abdominal surgery. A thoracic paramedian epidural approach and a loss of resistance
to saline technique were used to place an epidural catheter above the T11 level and fluoroscopic
images with injected contrast were taken to locate the catheter tip in the epidural space.
Results: Twenty-five subjects were included in the study, of which 3 catheters (12%) were not
identified as being in the epidural space. We found an average difference of 1.5 vertebral levels
between clinical and radiological assessments of catheter tips. Thirteen catheters (52%) were
more than 1 vertebral level away from the clinically assessed level. No significant difference
was found in the pain scores at 1, 24, and 48 hours after surgery between patients with correct
versus incorrect catheter placement. Less opioids were used in the correct catheter placement
group at 24 hours (256 morphine milligram equivalent [MME] vs 201 MME) and at 48 hours
after surgery (250 MME vs 173 MME), but it was not statistically significant (p=0.149 and
p=0.068, respectively).

Conclusion: Improvement in assuring success in the technique for TEA catheter placement
following major thoracic or upper abdominal surgery exists, for which contrast-enhanced fluo-
roscopy might be a promising solution.
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Introduction

Thoracic epidural analgesia (TEA) has become a key tool to use in postoperative
pain control after major thoracic or upper abdominal surgery."? There is an extensive
amount of evidence from several randomized control trials (RCTs) showing that
TEA provides better postoperative analgesia after both thoracic and upper abdomi-
nal surgeries in comparison with intravenous (IV) opioids.** Epidural analgesia has
also shown to be superior to IV opioid analgesia in terms of intermediate- to long-
term outcomes such as cardiac events, respiratory complications, faster recovery
of bowel function, length of hospitalization, and prevention of chronic postsurgical
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pain.> Despite the high success rates of TEA in providing
superior postoperative analgesia, concerns have been raised
about the inclusion of TEA as a standard of care treatment
in the postoperative recovery phase after major thoracic or
abdominal surgery.'®"3 Critics of TEA point out to the fact
that its published failure rate ranges between 25% and 32%,
which is exceedingly high."*""

It is important to distinguish between the primary and
the secondary failure of TEA due to catheter migration.
Primary failure occurs due to improper catheter insertion
at the desired location into the epidural space, causing a
failure of adequate postoperative analgesia.!®!” It can be
due to the failure of catheter insertion into the epidural
space or insertion of the epidural catheter at a vertebral
segment differing from the clinically desired level.'* Sec-
ondary failure refers to the failure of analgesia from TEA
after successful catheter insertion into the epidural space
at the correct vertebral level.!>!* It has been reported by
multiple studies that the rate of TEA failure varies between
20% and 30%.'*7 The rate of primary failure of catheter
insertion into the thoracic epidural space has been reported
to be 15%-24% which makes up about half of the failed
cases.?2* Moreover, during the last decade, publications
of several case reports on rare but potentially fatal com-
plications have raised some serious concerns regarding
the benefits versus risks of the use of TEA.*? Several
investigators have advocated for more research before
expanding the use of continuous TEA for enhancing post-
operative recovery.>?3

Traditionally, TEA is performed using percutaneous
anatomical landmarks with no recommendations for imag-
ing confirmation after catheter insertion.> We believe that
the majority of the clinical trials conducted to establish the
benefits of TEA after major abdominal or thoracic surgery
were based on the premise that catheter placement into the
thoracic epidural space has a success rate of 100%. This
assumption may have resulted in an underperformance of
TEA when compared to other analgesic modalities.>* In
the past, techniques such as electrophysiological stimula-
tion and pulsatile pressure waveform used to confirm the
proper catheter placement in epidural space, demonstrated
better outcomes.** Fluoroscopic imaging is another such
technique which has been used to confirm the placement of
a catheter into epidural space. The purpose of this study was
to determine the accuracy of catheter insertion in the thoracic
epidural space by using fluoroscopic imaging with contrast
injection, to confirm the presumed level of the tip of catheter
and the effects of the level of the catheter tip location on pain

scores, including the amount of opioid used within the first
48 hours following the surgery.

Patients and methods

Selection criteria

Patients undergoing thoracic or upper abdominal surgery
were recruited for the study if they met the following cri-
teria: patients aged 18—80 years, those undergoing thoracic
surgery that is thoracotomy, thoracic aortic aneurism repair,
thymectomy, or upper abdominal surgery (ie, esophagec-
tomy, gastrectomy, pancreatectomy, hepatic resection, open
cholecystectomy, abdominal aortic aneurism repair, hemi-
colectomy, total colectomy, and abdomino-perineal resec-
tion). Patients with the following preexisting conditions
were excluded from the study: severe aortic valve stenosis,
active neurologic disease, allergy to lidocaine or bupivacaine,
allergy to iodine-based contrast agents, cutaneous disorders
at the epidural insertion site, impaired preoperative coagu-
lation status, and pregnancy. Written informed consent was
obtained from all the patients after extensive discussion of
the purpose of the study and the potential risks and benefits
involved. The study was approved by the Advocate Healthcare
Institutional Review Board after undergoing full review. This
study is registered at clinicaltrials.gov (NCT 01764932).

Technique of thoracic epidural placement
The thoracic epidural catheter insertion was performed as an
inpatient procedure in the preoperative holding area under
sterile conditions by board-certified anesthesiologists who
have pain management fellowship training and certification
via the American Board of Anesthesiology added qualifi-
cations in pain medicine. Standard anesthesia procedures
were conducted before the epidural procedure; a time-out
was performed, IV access was obtained, monitors placed,
oxygen administered, and sedative and analgesic drugs were
used for premedication. Due to the extreme caudal angula-
tions of the thoracic spinous processes between T4 and T9,
a conventional midline approach to the thoracic epidural
space may be difficult.’ A paramedian approach was used
to insert the Tuohy needle above the T11 vertebral level.’’
Following sterile preparation and draping of an appropriate
thoracic level, the skin was anesthetized using 1% lidocaine
plain via a 25-gauge, 1.59-cm-long hypodermic needle. Then
a 17-gauge 8.89-cm Tuohy needle with the bevel-directed
cephalad was introduced perpendicular to the anesthetized
skin ~1 c¢m lateral to the spinous process of the targeted seg-
ment and was advanced until the ipsilateral lamina or medial
transverse process was contacted. We guided our needle into

50 submit your manuscript

Dove

Local and Regional Anesthesia 2018:1 |


www.dovepress.com
www.dovepress.com
www.dovepress.com
https://clinicaltrials.gov/

Dove

Fluoroscopic confirmation of thoracic epidural catheter

the epidural space at the appropriate thoracic level by using
percutaneous surface anatomic landmarks. The prominent C7
spinous process, the scapular spine (T3), and the inferior bor-
der of the scapula (T7) are useful landmarks to approximate
the puncture site to the intended segment.*® The needle was
then withdrawn slightly and re-advanced medially without
a change in cephalo-caudal direction. When bone was no
longer contacted and the depth exceeded the depth previously
noted, the epidural needle stylette was removed. The epidural
space was entered using a hanging drop technique and was
confirmed using the loss of resistance to saline technique
using a syringe and 5 mL normal saline solution.

Once the loss of resistance was obtained, a 19G FlexTip
Plus (single open end hole) epidural catheter was threaded
3-5 cm into the epidural space and was secured using tega-
derm and steri-strips. A 3 mL test dose of 1.5% lidocaine
with 1:200,000 epinephrine was administered to rule out
intravascular or intrathecal catheter placement. The patient
was transferred to the operating room. Following the transfer,
contrast medium such as 5 mL of Isovue®-300 (iopamidol;
Bracco Diagnostics, Princeton, NJ, USA) was injected through
the catheter and fluoroscopic images were obtained and saved
in the lateral and anterior-posterior projections. Fluoroscopic
real-time and continuous pulsed imaging for 3 seconds was
used to verify that no contrast had attained intravascular,
subarachnoid, subdural, or intradiscal spread. Next, a bolus of
0.15% ropivacaine with 2 pg/mL fentanyl was administered
for a total dose of 0.1 mL/kg of ideal body weight. The patient
was maintained on a postoperative infusion of 0.15% ropiva-
caine and 2 pg/mL fentanyl at a rate of 68 mL/h.

Primary and secondary outcomes

The primary outcome measure for this study was the suc-
cess rate of thoracic epidural catheter placement. Secondary
outcome measures included the postoperative numerical rat-
ing scale (NRS) pain score and total amount of opioid use
in morphine milligram equivalent (MME) between patients
with correct catheter placement (defined as difference of less
than two vertebral segments between clinical and radiological
assessments of catheter tips) and incorrect catheter place-
ment (defined as differences of two or more vertebral levels
between clinical and radiological assessment of catheter tips).
Parameters for secondary outcomes were assessed at 1, 24,
and 48 hours after the completion of surgery.

Patient monitoring
The patient was then monitored postsurgically for the use
of opioid and non-opioid pain medications as an inpatient

for the next 48 hours. Parameters recorded in this study
included demographic characteristics (age, gender, height,
weight), type of surgery, analgesic medications taken in
last 24 hours, NRS pain scores at 1, 24, and 48 hours after
surgery, which the patient rated from 0 to 10 (where O=no
pain and 10=worst possible pain); technical difficulty of
the procedure on a numeric scale from 0 to 10 graded by
the attending anesthesiologist (where 0 no difficulty, 1-3
mild, 4-6 moderate, and 7—10 severe difficulties); presumed
intervertebral level of catheter tip assessed by the anesthe-
siologist using percutaneous anatomic landmarks during
clinical examination and the direction in which the catheter
was threaded; duration of surgery, opioid medications used
during surgery (type and total dose); type of opioid medica-
tion used postoperatively and dose of opioid medication in
MME according to Center for Disease Control Guidelines.*
All images were saved and then reviewed contemporane-
ously by an independent radiologist who assessed the place-
ment of the catheter tip (epidural space, intrathecal space,
intravascular, or other) and intervertebral level where the
catheter tip was located.

Statistical analysis

The sample size estimated for this study (n=25) was deter-
mined to detect a difference in postoperative analgesia
between groups with successful and unsuccessful catheter
placement at p=0.05 and power =0.90. Student’s t-test for
unpaired samples was used to compare the differences in pain
scores between patients with correct and incorrect catheter
placement. A p-value <0.05 was considered to be statistically
significant. Statistical analysis was performed using SPSS
software version 23.0 (IBM, Armonk, NY, USA).

Results

A total of 34 patients were initially screened for inclusion
in the study, out of which nine were excluded from the
study due to contrast allergy (n=1), failure to obtain imag-
ing immediately after catheter insertion (n=6), difficulty in
determining the catheter level on clinical assessment (n=1),
and difficulty in determining catheter level on radiological
assessment (n=1). Patients included in the study were further
classified into groups as detailed in Figure 1.

We found an average difference of 1.5 vertebral levels
between clinical and radiological assessments of catheter
tips. Only seven catheters (28%) were placed at the same
vertebral level as believed by percutaneous assessment of
anatomical landmarks, while two catheters (8%) were placed
within one segment away; 11 catheters (44%) were placed two
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Figure | Selection and distribution of subjects.

Note: *Correct level is defined as a difference of less than 2 vertebral segments
between clinical and radiological assessments of catheter tips, whereas incorrect
catheter placement is defined as differences of 2 or more vertebral levels between
clinical and radiological assessment of catheter tips.

segments away; two catheters (8%) three segments away; and
three catheters (12%) were placed out of the epidural space
completely despite clinically accepted loss of resistance to
saline technique (Figure 2). We were unable to reliably iden-
tify the catheter tip in one patient using contrast fluoroscopy,
who underwent computerized tomography (CT) scan of chest
and abdomen during the immediate postoperative period for
surgical reasons. Images from that CT scan were later used
to successfully locate the catheter tip in the dorsal epidural
space (Figure 3). We found no complications or secondary
failures as a result of epidural catheter use in our study.

A total of 22 patients were included in the sub-analysis
comparing patients with incorrect versus correct catheter
placement (Table 1). There were no differences in the mean
age, gender distribution, or body mass index in patients with
incorrect catheter placement compared to those with correct
catheter placement. In the incorrect catheter placement group,
two patients received non-opioid IV analgesics, while in the
correct placement group, three patients received non-opioid
IV analgesics. In addition, all the incorrect catheter place-
ments were caudal to the clinically determined level. No
significant differences in difficulty in catheter placement were
reported by the anesthesiologists (Table 1). We did not find
significant differences between the patients with incorrect
versus correct catheter placement in the numeric pain rating
score postoperatively at 1 hour (3.50 vs 2.88; p=0.668), 24
hours (3.45 vs 4.00; p=0.572), and 48 hours (3.55 vs 3.78;
p=0.232). On the other hand, the use of opioids in patients
with incorrect catheter placement was more when compared
with that in patients with correct catheter placement at 24
hours (256 MME vs 201 MME) and 48 hours (250 MME

2 levels mismatched
44%

Figure 2 Degree of mismatch between clinical and radiological assessment.

Figure 3 Thoracic epidural catheter with contrast shown on the X-ray (A) and
computed tomography (CT) scan (B).

vs 173 MME), although we did not find it to be statistically
significant (p=0.149 and p=0.068, respectively).

Discussion

Until recently, the use of imaging to improve the rate of suc-
cessful catheter insertion for TEA has not been explored by
researchers.!520404! Very few studies have been published on
post-placement confirmation of TEA using imaging, results
of which have been mentioned in Table 2. The primary failure
rate of catheter insertion using the landmark technique was
6%—26% in these studies. In our study, about 12% of the
subjects had primary failure of catheter insertion into the
thoracic epidural space, which coincides with these results.
Parra et al published the results of an RCT conducted at
Dartmouth Medical Center, by comparing a fluoroscopic
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Table | Demographic distribution of patients with incorrect versus correct catheter placement

Study characteristics Incorrect placement Correct placement p-value
Mean (xSD) Mean (xSD)
(n=13) (n=9)
Age, years 58.00 (16.78) 58.33 (8.34) 0.957
Gender 0.79
Male 3 6
Female 10 3
BMI, kg/m? 27.37 (3.59) 31.29 (7.26) 0.272
Procedure site 0.57
Thoracic 6 5
Abdominal 7 4
Difficulty of catheter insertion 2.8 (3.1) 38(3.2) 0.6
Clinical level of epidural catheter 7.8 (1.6) 7(1.1) 0.22
Radiological level of epidural catheter 10 (1.9) 7.3(1.3) <0.01

Abbreviation: BMI, body mass index.

Table 2 Incidence of catheter placement out of epidural space using landmark technique in previous studies

Study Number of patients Technique used Type of study Catheters placed out of epidural space
Parra et al?® 53* Fluoroscopy RCT 26%

Uchino et al® 83 Fluoroscopy Prospective 6%

Motamed et al'*% 125 Computerized tomography Prospective 24.8%

Note: *Catheter placed out of epidural space using landmark technique.
Abbreviation: RCT, randomized control trial.

method with a conventional loss of resistance method in
patients undergoing thoracic surgery.?’ Although they found
no differences in postoperative pain scores, they did show a
significant decrease in the postanesthesia recovery unit time,
as well as length of hospitalization. These results provide fur-
ther support for the hypothesis that the benefits of continuous
TEA, particularly when compared to IV patient-controlled
analgesia opioids, might be underreported due to a high rate
of primary failure, which can be reduced with the use of
contrast fluoroscopy.'*#° Parra et al were unsuccessful in find-
ing statistically significant differences in the pain scores of
patients with a successful placement of an epidural catheter.!
However, their analysis did not take into account the vertebral
level at which the catheter tip was located. In our study, 52%
of patients with successful catheter insertion into the thoracic
epidural space had the catheter tip more than two levels away
from the clinically assessed levels. If we combined the rate
of failed epidural catheter insertion and catheter placement
at an incorrect vertebral level, it would account for two thirds
of the thoracic epidural catheters placed.

The benefits of continuous TEA cannot be accurately
ascertained if the catheter is not placed at the epicenter of
the target dermatomal level, which will be trespassed pri-
marily during the surgical incision and subsequent tissue

manipulation.*® Therefore, we set out to determine whether
imaging confirmation for successful epidural catheter place-
ment at the correct vertebra level has the potential to provide
improved postoperative analgesia and a decreased use of
postoperative opioids.>**? Our study did not find any signifi-
cant differences in patients who had correct catheter place-
ment for pain scores at 1, 24, and 48 hours postoperatively.
Moreover, patients with correct catheter placement showed a
trend toward decreased use of opioid medications, although
it failed to reach statistical significance. One explanation for
the failure to find significant differences with correct catheter
placement in our study was that the assessment of pain scores
is inherently variable between different subjects, while being
more consistent in the same subject. This means that a large
sample size is required to find a significant difference in pain
scores.** A clinical trial with a larger sample size might be
useful to find the clinically relevant differences, which was
not appreciable in smaller-scale studies.

Another possible explanation for finding no differences
in postoperative pain control between correct and incorrect
catheter placement is that the analgesic infusate reached the
intended location regardless of the catheter tip location. The
use of contrast fluoroscopy to determine the catheter level
has been studied by only one retrospective study for patients
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undergoing thoracic surgeries, while no differences were found
in the 24-hour pain scores and 24-hour opioid dose between the
two groups.’* However, in the subgroup analysis, they found
that patients who had a catheter placed more cranially or had
increased cephalic—audal dye spread had better postoperative
pain control and required less opioids. These results support
our hypothesis that patients with incorrect epidural catheter
placement may receive adequate postoperative analgesia, while
also highlighting the importance of identifying the correct
catheter level at the time of insertion. Since it is unlikely that
all patients with incorrect catheter placement will have uniform
dye spread to reach the intended vertebral level (which is the
epicenter of the expected nociception), the situation is more
likely to result in failure of continuous TEA 34

The use of pre-procedural ultrasonography for TEA cath-
eter insertion has shown its value in postoperative analgesia in
arecent study.* Ultrasonography has shown utility in needle
placement by statically (not dynamically) identifying the
ligamentum flavum and dura mater. Nevertheless, catheter
placement cannot be verified with this technique, which is a
major limitation of this technique.***® Furthermore, the use
of the CT scan to determine catheter placement in TEA has
been studied by Motamed et al who were unable to correlate
the vertebral level ascertained by CT scan with a clinically
assessed dermatomal level.*° While we agree that a CT scan
might not be ideal for routine use, due to larger radiation
exposure, a case can be made for the use of CT scanning
in patients for whom the results of conventional contrast
fluoroscopy are unclear.*? In one of our cases, we encoun-
tered difficulty in interpreting the results of a fluoroscopic
image. Incidentally, a postoperative CT scan was done on
the same day for a surgical reason, and the results confirmed
the location of the catheter tip. It was an interesting case, as
it suggested that additional imaging such as CT scanning
or ultrasound might occasionally be needed to identify the
catheter tip location in the epidural space.

Limitations

Our research had certain limitations that should be addressed
in future clinical trials. First, our study did not have a control
group to compare the immediate postoperative analgesic
outcomes of patients with successful primary TEA with those
using I'V opioid analgesia only. Second, the sample size made
it difficult to find statistically significant differences among
the two groups even if it were possible that these differences
might have been clinically significant. Moreover, our study
was aimed at the immediate postoperative pain relief and

opioid use. Previous research works had demonstrated the
benefit of TEA in reducing morbidity and length of hospital
stay.> Last, exposure of both patient and anesthesia provider
to radiation has been a concern in contrast fluoroscopy,
although we did not collect data on radiation exposure since
establishing the safety of TEA was not our primary or sec-
ondary aim.

Conclusion

TEA has now become integral to standard postoperative recov-
ery programs at several medical centers.>*-° We believe that
contrast fluoroscopy can be incorporated as a standard part of
TEA with little additional resources without affecting patient
care or resulting in additional time required to insert the epidural
catheter. Given the importance of the catheter tip location in
providing effective analgesia, we suggest that further research
comparing contrast fluoroscopy with traditional percutaneous
anatomical landmark techniques should focus not only on the
rate of successful catheter insertion into the epidural space but
also on the catheter tip level within the epidural space.
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