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ABSTRACT

Objective: To determine the frequency of appropriate epidural catheter-incision congruency in adult patients undergoing major abdom-
inal surgeries, as well as the frequency of ineffective postoperative analgesia with continuous epidural infusion, side effects, and compli-
cations of epidural insertion and epidural catheter infusion.

Study Design: Observational study.

Place and Duration of the Study: Department of Anaesthesiology, The Aga Khan University Hospital, Karachi, Pakistan, from
September to November 2022.

Methodology: All adult patients who underwent elective major abdominal surgery under general anaesthesia with epidural analgesia
were included in this study. Data were collected by chart review of the patients enrolled in Acute Pain Service for the study period. Intra-
operative anaesthesia form, epidural infusion form and all records of acute pain service for the postoperative period were reviewed and
recorded.

Results: One hundred and eighty-two patients were included in this study. The epidural catheter was inserted congruent to the surgical
incision i.e. T10-T11 level or above in 43 (23.6%) patients only. In the postoperative period, overall effective epidural analgesia was
observed in 79 (43.4%) of the patients. Motor block in lower limbs was observed in 66 (36.26%) of patients in the immediate postopera-
tive period.

Conclusion: The present study shows appropriate epidural catheter-incision congruency in only 23.6% of the patients. This could be one

of the common reasons for ineffective postoperative pain relief via epidural analgesia in 56.6% of patients.
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INTRODUCTION

Moderate to severe postoperative pain and the stress response to
major abdominal surgery may cause significant morbidities in
multiple human organ systems. Several studies demonstrated
the use of epidural analgesia (EA) for postoperative pain control
and better patientoutcomes. EAwith local anaestheticis betteras
compared to patient-controlled intravenous analgesia using
morphine in the early postoperative period." EA, an important
component of multimodal analgesia, has been considered a tech-
nique of the choice for the open abdominal surgeries. It has been
shown that EA at the thoracic level reduces pain, improves bowel
function, fastens the recovery, and improves patient satisfaction
after abdominal surgeries when compared with the intravenous
opioids.’
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Continuous EA is commonly used for postoperative pain control
after thoracic, abdominal, and lower extremity surgeries. For
effective EA, epidural catheter placement is crucial and must be
placed at a level determined by the dermatomal level of the
planned surgery. This is called an epidural catheter-incision
congruency and is achieved when the epidural catheter corre-
sponds to the dermatomes of the surgical incision i.e. thoracic
epidural catheters for thoracic or abdominal surgery and lumbar
epidural catheters forlowerextremity surgery.’

Incorrect placement of the epidural catheter is not uncommon
and is one of the leading causes of inadequate analgesia, espe-
cially when the catheter is placed preoperatively before general
anaesthesia. Thereportedincidence of failure of postoperative EA
is between 13% and 41%, depending on the definition of failure.*
Inadequate EA may result from several causes related to the
patient or surgical factors and epidural catheter including
catheter-incision incongruency. Current literature supports the
epidural catheter placement to thoracic level T8-11 for all the
major abdominal surgeries with a catheter length of 5to 6 cminto
theepidural space.>®

In this institution, many patients undergo major abdominal
surgeries and need effective EA for better outcomes. A dedi-
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cated acute painservice (APS) consisting of anaesthesia consul-
tants, residents, pain medicine fellows, and nurses manages
the patients after major surgery by using a multi-modal anal-
gesiaregimen. Theimpactofepidural catheter-incision congru-
encyinthe patient population has neverbeeninvestigated. The
rationale of the present study was to evaluate the current prac-
tice of EA considering catheter-incision congruency. The
primary objective wasto calculate the frequency of appropriate
epidural catheter-incision congruency in adult patients under-
going major abdominal surgeries. The secondary objectives
were to determine the frequency of ineffective postoperative
analgesia with continuous epidural infusion, side effects, and
complications of epidural insertion and epidural catheter infu-
sion (like motor block, hypotension, dural tap, and post-dural
punctureheadache).

METHODOLOGY

This observational study was retrospectively conducted at the
Department of Anaesthesiology, The Aga Khan University
Hospital, Karachi, Pakistan, after obtaining approval from the
Institutional Ethical Review Committee. All adult patients, who
underwent elective major abdominal surgery under general
anaesthesia with EA and managed by acute pain service (APS)
wereincluded. Those adult patients who underwentemergency
surgery and in whom epidural catheter was removed in the
immediate postoperative period because it was ineffective
were excluded from this study.

Data were collected retrospectively from September to
November 2022 by the chart review of patients enrolled in APS
from 1% July 2021 to 30" June 2022. Variables have been defined
forthe review and a form has been designed for the data collec-
tion. Intraoperative anaesthesia form and epidural infusion
form were reviewed for records of epidural insertion (site of
insertion, length of the catheter in epidural space, side effects,
and complications). Patients’ medical records were reviewed
for surgical incision, epidural infusion form (drug, dose, and
rate), postoperative patient assessment (static and dynamic
painscore, any additional analgesia provided, rescue analgesia
needed, motor block, nausea, or vomiting), and reason for
epidural discontinuation. In this study, an epidural catheter
inserted at thoracic level T10-T11 or above was considered
appropriate.’ Postoperative analgesia was considered ineffec-
tive when the pain score was 4/10 or more on the numeric rating
scale (NRS) scale with continuous infusion of local anaesthetic
epidurally and opioid bolus orinfusion was needed totreat pain.

Data were entered and analysed using Statistical Package for
Social Science (SPSS) version 19 (Chicago, lllinois). To assess
the normality assumption of numerical variables, the Shapiro-
Wilk or Kolmogorov-Smirnov test were conducted. Mean = SD
or median % IQR were calculated for normal and non-normal
data, respectively. Categorical variables such as primary surg-
ical speciality, ASA physical status, surgical procedure, and
other variables were presented in terms of frequency and
proportion.

RESULTS

One hundred and eighty-two patients were included in this
study. Ninety-six (52.75%) of patients were males and 86
(47.25%) were females. Demographical variables, ASA sta-
tuses, and comorbid conditions are presented in Table I. One
hundred and sixty-one (88.5%) patients underwent surgeries
due to cancer. These included major general surgeries in 104
(57.1%), gynaecological surgeries in 46 (25.2%), urological
proceduresin19(10.4%),and esophagectomyin13(7.14%).

All patients received general anaesthesia (GA) with EA. The
epidural catheter was inserted in the sitting position before GA
in 167 patients (91.8%), and 15 patients (8.24%) had an
epidural catheter placed in the lateral position after GA. The
epidural catheter was placed by an anaesthesia consultant in
one hundred and 23 (67.6%) patients and by a senior resident
in 59 (32.4%) patients. Intraoperatively, epidural infusion of
bupivacaine was continued for analgesia in 30 patients
(16.5%). One hundred and fifty-two patients also received
intraoperative co-analgesia (like morphine, nalbuphine, trama-
dol, paracetamol, ketorolac, ordexmedetomidine).

The epidural catheterwasinsertedat T10-T11 levelorabovein
43 (23.6%) patients, below T11 but till L1 in 73 patients
(40.15%) and below L1in 66 (36.3%) patients. Considering the
recommendation of epidural insertion for major abdominal
surgeriesat T10-T11 orabove, only 43 (23.6%) of patients had
appropriate placement of epidural catheter as congruent to
surgical incision, and 139 (76.4%) patients had epidural
catheterincongruenttosurgicalincisionpresentedinTablell.

Epidural space was found between 3 to 5 cm from the skin in
133 patients (73.03%) and catheter length in the epidural
space was between 4 to 6 cm in 161 (88.46%) of the
patients. In 112 (61.5%) patients, epidural infusion was
discontinued and the catheter was removed on the third post-
operative day, in 64 (35.2%) patients, it was removed on the
second, and in only two patients it was removed on the fourth
day. In four patients, the epidural infusion was discontinued,
and the catheter was removed on the first postoperative day
because it was ineffective for analgesia and caused motor
block.

In the postoperative period, overall effective EA was observed
in 79 (43.4%) patients while EA was ineffective in one hundred
three (56.6%) of the patients. The analgesic regimen was
considered ineffective when the pain score was 4/10 or more
with continuous infusion of local anaesthetic epidurally and
intravenous opioid bolus or infusion was needed to treat pain
(Table ). In the recovery room, the median static pain score
was 3.0 and the median dynamic pain score was 4.0. On the
first postoperative day, the median static pain score was 1.0
and the median dynamic pain score was 3.0. On the second
postoperative day, the median static pain score was 1.0 and
the median dynamic pain score was 2.0 as presented in
Figure 1.
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Table I: Demographical variables, ASA status, and comorbid condi-
tions.

Variable Total (n = 182)
Age (years)
Mean (SD) 53.5 (14.2)
Gender
Male 96 (52.75%)
Female 86 (47.25%)
Weight (kg)
Mean (SD) 69.4 (16.0)
Height (cm)
Mean (SD) 161 (9.50)
BMI (kg/m?)
Mean (SD) 26.7 (6.23)
ASA Physical Status
| 7 (3.85%)
Il 122 (67.0%)
1 53(29.1%)
Comorbid conditions
DM, HTN 36 (36.7%)
HTN, IHD 42 (42.9%)
Asthma, COPD 3(3.06%)
Others 17 (17.3%)

Table II: Epidural catheter-insertion site and overall effectiveness.

Epidural catheter-insertion site Total (n = 182)

tion, four patients had a dural tap during epidural insertion
(three with the epidural needle and one with the catheter). No
patient developed post-dural puncture headache, and all were
managed routinely. Regarding complications related to
epidural infusion, hypotension was observed in three patients
intherecoveryroomandthree patientsinthe ward. All patients
were managed by intravenous fluids and by titrating the infu-
sionrate ofepiduralbupivacaine.

In the subgroup analysis, approximately 80% of the patients
showed overall effective analgesia in those patientsin whoman
epidural catheter was placed at the appropriate site (T10 /
T11 or above, congruent to the surgical incision). Approxi-
mately 70% of the patients showed overall ineffective analgesia
inthose patientsinwhom an epidural catheterwas not placed at
the appropriate site (incongruent with the surgical incision). In
66 patients, the epidural catheter was inserted below the L1
level (L1/L2 =26,L2/L3=17,L3/L4=17,and L4/L5=6).In 161
patients, epidural catheter length in the epidural space was
between 4 to 6 cm whilein 19 patients, epidural catheter length
inthe epiduralspace wasmorethan6cm.

Appropriate 43 (23.6%)
Inappropriate 139 (76.4%)
The overall effectiveness of postoperative analgesia
Yes 79 (43.4%)
No 103 (56.6%)
Table Ill: Recovery room variables (n=182).
NRS pain score (static)
Median (IQR) 3.00 (1.0)
NRS pain score (dynamic)
Median (IQR) 4.00 (2.0)
Motor-block 66 (36.26%)
Right lower limb 13
Left lower limb 10
Both lower limbs 43
Rescue analgesia given 92 (50.54%)
Epidural bolus 39
Intravenous analgesics 88
Complications
Hypotension 3

The motor block was observed in 66 (36.26%) patients in the
recovery room. Forty-three patients had a motor block in both
lower limbs. On the first postoperative day, the motor block was
present in 66 (36.26%) of the patients. Nine patients had a
motor block in both lower limbs while 57 patients had a motor
blockinonelimb. Onthe second postoperative day, motor block
was observedin 21 patients in which three patients had a motor
block in both lower limbs while 18 patients had a motor block in
one limb. On the third postoperative day, the motor block was
presentinonelimbinsix patients.

In the recovery room, 92 (50.54%) of patients received rescue
analgesia. Thirty-nine patients received an epidural bolus dose
of bupivacaine and 88 patients received intravenous anal-
gesics (opioids and non-opioids drugs) to manage pain (Table
[l1). Regarding complications related to epidural catheterinser-
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Figure 1: Postoperative pain assessment (static and dynamic).

DISCUSSION

The study showed effective epidural analgesia in 43.4% of the
patients via physician-controlled epidural catheter-infusion.
This is quite low in comparison to 68-70% of effective analgesia
by thoracic epidural mentioned in the literature.” The primary
epidural failure usually occurs due to an incorrect catheter
insertion site, inadvertent dural puncture, and intravascular
insertion of the catheter. Secondary failure is the initial func-
tioning and then subsequent failure. In terms of severity, there
is avariable criterion between studies, but all studies conclude
that the strongest standpoint to declare epidural failure is the
need to re-site the catheter.®* The majority of the available
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literature serves to differentiate between the primary and
secondary failure only. After a thorough literature search and to
the best ofthe authors’ knowledge, epidural catheterand corre-
sponding vertebral congruency have not been investigated
earlier in the evaluation of the causes of failed epidural that is
presentedin this study.

The current recommendation suggests the use of epidural anal-
gesia in open major abdominal cancer and non-cancer opera-
tions, gynaecological oncology surgeries, radical cystectomy,
and esophagectomy.® The prime factor in epidural catheter
successisthe correctlocalisation ofthe space and placement of
the epidural catheter congruent to the surgical incision. This is
particularly challenging for the thoracic vertebral area because
of the relevant anatomy. Many factors have been identified
which include but are not limited to operator experience,
patient positioning, body habitus, and spine anatomy.*

Landmark-mediated vertebral level identificationis reported to
be accurate in only 30% of the cases.’ Anatomical landmarks
are the primary method of vertebral level identification in this
institute which is one of the reasons for the lower level of
epidural catheter insertion. The method of palpation is usually
considered easier and therefore has wider adoption." The other
important reason is the relative ease of insertion and fewer
chances of complications at the lumbar vertebral levels
compared to thoracic vertebrae due to the acute angulation of
spinous processes. ' This study's results contrast with the usual
tendency of anaesthesiologists to site the epidural at a higher
thanintended vertebrallevel. Inthis study, an epidural catheter
was inserted at two to three vertebral levels lower.” Appro-
priate epiduralinsertion was found in patients with a body mass
index (BMI) lessthan 30 kg/mz.Thisisconsistentwith theknown
risk factor of difficult neuraxial anaesthesia.”

The principal site of action of epidurally administered local
anaesthetics is the spinal nerve roots as they traverse the
epidural space in addition to the spinal cord via diffusion
through the meninges. Therefore, to numb the target derma-
tomes, the corresponding nerve roots must be blocked which
can be achieved by their contact with the local anaesthetic.™ To
compensate for the higher levels of local anaesthetic spread
due to lower levels of epidural catheter placement, more
volume and boluses had to be given in this study which resulted
in hypotension and motor blockade. Motor block can be
attributed to the dosage of local anaesthetic. There is an
extended sensory and motorblock as well as lower arterial pres-
sure with a higher volume of local anaesthetics. Though
hypotension was observed in a few patients, the incidence of
lower limb motor blockade was found to be 36.26%, of which the
majority was found to bebilateral.

In an observational study for the quest of motor blockade with
epidural catheters, 36.5% of patients were found to have a
motor blockade of variable degrees. Similarly in this study’s
patients, motor blockade occurred more commonly with
lumbar epidurals. This is the most common complication of

epidurals encountered by APS globally. Lower thoracic epidu-
rals are therefore recommended for abdominal surgeries for
effective pain controland motorsparing.™

Dose control of local anaesthetics at the thoracic vertebral level
can lead to a true segmental block affecting only the thoracic
area. Lumbar and sacral nerves can be spared, preventing
extensive sympathetic block, hypotension, bladder dysfunc-
tion, aswellaslowerlimb motorblock. Thiscanbe achieved with
correct vertebral level identification by use of ultrasound which
wasnotemployedinany ofthe casesinthis study.”

Most of the epidurals (91.8%) were inserted in an awake and
sitting position. This position is the least time-consuming with a
higher first-attempt success rate. This can be correlated to the
77.9% first-attempt success rates in this study’s patients. One
of the drawbacks related to this positioning is increased vagal
reflexes, none of which were reported in this study’s patients.
Insertion of an epidural in the awake patient confers two advan-
tages: The quality of pain warns the anaesthetist of any poten-
tial neurological damage, and the extent of sensory analgesia
can be measured in awake patients before general anaesth-
esia.’

In this study, four cases of dural puncture were noted. Three
occurred with the needle and one with the catheter making up
the puncture complication of 2.2% which is relatively higher
than reported incidences of 0.4 - 1.2%. Dural perforation is
found to occur more in the lower thoracic than in middle or
upper-thoracic spine placements. Therefore, it demands
caution and boluses only after the negative aspiration of cere-
brospinalfluid (CSF)."’

Epidural space has three compartments relative to the spinal
cord: Posterior, lateral, and anterior. The posterior epidural
space is most relevant for the catheters for post-surgical pain. In
this study, the catheter length in the epidural space was
observed between 3to 11 cm. A5 cm catheter length inside the
epidural space was observed in 47.8% of the patients. A longer
length of the epidural catheter in the epidural space increases
the likelihood of a unilateral block or intravenous cannulation.
Less than 3 cm catheter length has the potential for displace-
ment out of the epidural space. Any length beyond 5 c¢m
increases the risk of unilateral dense block and possible transfo-
raminal escape.”® The recommended length of catheter in the
epidural space for effective postoperative analgesia is 5 cm.”
The effectiveness of epidural analgesia was found independent
of the length of the catheter in the epidural space in this
study.

For epidural boluses and continuous infusion, bupivacaine was
used withoutadjuncts. Aconcentration of0.1% was usedin 96%
of the cases and 0.0625% in 4% of the cases. Bupivacaine is
more potent and cheaper compared to ropivacaine and is used
in low- and middle-income countries (LMICs). In terms of anal-
gesic efficacy, it is equal to ropivacaine. Changing the local
anaestheticagentdoes notimprove epidural efficacy. Forbolus
dosing, reduction of dose increases the probability of differen-
tial block. In healthy volunteers, dose-dependency of the differ-
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ential block has been demonstrated with bupivacaine 0.075
and0.125%.%

In teaching hospitals, the primary failure of epidural analgesia
may be due to many factors. Inadequate training, learning
curves are non-existent, pedagogical requirements are often
inadequate, lack of experienced supervisors, and exposure
during training.”* This study was done in a university teaching
hospital with a structured residency programme. It was found
that 32.4% of epidurals were inserted by a senior resident of
which only 16% of the catheters were congruent with the surg-
ical incision. Residents need to complete approximately 20-25
procedures to demonstrate improvement in the skills of spinal
and epidural anaesthesia. For a 90% success rate, 45 and 60
attempts at spinal and epidural anaesthesia, respectively, may
benecessaryforatrainee.”

The breakthrough pain may be due to inadequate block, patchy
block, unilateral block, and back pain. Epidural re-siting was not
done in any of the studied cases despite a higher incidence of
ineffective epidurals due to poor logistic support available to
the APS, fear of infection among the multidisciplinary team
members, and an increase in anaesthesia fee charges to be
borne by the patient. The incidence of epidural catheter re-
siting varies widely in the literature from 1.6 to 15.4%. Forty-six
percentofthe cases of secondary epidural failure do not require
catheterre-siting and can be resolved with active management
such as epidural supplementation. Therefore, in the case of an
ineffective epidural, reliance should be on a multimodal regime
including patient-controlled intravenous analgesia.”

This study highlights the importance of epidural catheter-inci-
sion congruency and its impact on postoperative analgesia.
This observational study shows that catheter-incisionincongru-
ency could beoneoftheleading causes ofinadequate painrelief
with several side effects and poor patient satisfaction. Such
database observational studies can be used to improve APS,
therebyincreasing patientsatisfaction.

A retrospective review of patients' medical records in a single
centre was the major limitation of this study. Although all infor-
mation as perthe planned data collection form was found, stan-
dard record-keeping cannot be guaranteed. This study also
reflects the practice of only one tertiary care centre with rela-
tively a small sample size. The multicentric study with a large
sample size would have given a more holistic view of epidural
catheter-incisioncongruency practiceinpatientswithEAunder-
goingmajorabdominalsurgery.

The primary epidural failure usually occurs due to an incorrect
catheter-insertion site as per surgical incision. Epidural
catheter-incision congruency is a relatively new terminology
based on the old concept. If epidural analgesia is planned, the
catheter should be placed congruent to the surgical incision or
expected dermatome involved. This practice would provide
effective analgesia with fewer side effects and better patient
satisfaction after the surgery. Further prospective multicentric
studiesand quality audits are needed to improve APS.

CONCLUSION

The frequency of appropriate epidural catheter insertion (T10-
T11 level or above) was found in 43 (23.6%) patients only, and
the majority of them showed effective analgesia in the postop-
erative period after major abdominal surgery. Epidural anal-
gesia was found ineffective in 103 (56.6%) patients when
catheter-incision was not congruent with other technical fail-
ures. Motor block in lower limbs was also observed in 66
(36.26%) of the patientsintheimmediate postoperative period
with ineffective analgesia. An epidural catheter should be
placed congruent to the surgical incision to provide effective
analgesiawithfewerside effectsandimproved patient satisfac-
tionaftermajoroperations.
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