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Insertion length and resistance during advancing of epidural catheter
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Abstract

Purpose. The migration of an epidural catheter into the
intravascular and subarachnoid spaces sometimes occurs. This
study was designed to investigate where the resistance was felt
during the advancing of the catheter into the epidural space
and whether the length of catheter advanced in the epidural
space affected the incidence of catheter migration.

Methods. One hundred and twenty women, American
Society of Anesthesiologists (ASA) 1 or 2, scheduled to
undergo lower abdominal surgeries with epidural anesthesia
were randomly assigned to two groups according to the length
of the epidural catheter advanced; 4 cm (n = 60) or 8 cm (n =
60). The length where resistance to advancing the catheter was
perceived was recorded in all patients, and the incidence of
aspiration of blood or cerebrospinal fluid (CSF) was obtained.
Further, the catheters removed 48 h after surgery were scru-
tinized for their bending sites.

Results. Resistance was felt in 83 (69.2%) patients and the
mean length in the epidural space at which resistance was
found was 2.5 + 1.2 cm. Blood was aspirated in 9 (7.5%)
patients when resistance to advancing the catheter was over-
come, but CSF was aspirated in no patient. A distal bend was
observed 2.4 £ 1.3 cm from the tip of the catheter, and the
sites of bending were correlated with the length where resis-
tance was encountered. An additional proximal bend was
observed in 35 (58%) patients in the 8-cm group, and in 2
patients (3%) in the 4-cm group (P < 0.001), probably due to
coiling of the catheter.

Conclusion. At approximately 2.5 cm in the epidural space,
advancing an epidural catheter causes resistance. Further
advancing past this point may cause migration of the catheter
into the vessels, or the coiling of the catheter.
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Introduction

The improper spread of the local anesthetic due to varia-
tions in the epidural anatomy [1-3] and suboptimal posi-
tioning of the catheter within the epidural space [4,5] are
reasons suggested for failure in epidural anesthesia. An
optimal length, varying from 2 to 4 cm, has been sug-
gested for epidural catheter insertion, but this length is
associated with the risk of catheter dislodgement during
fixation to the skin and patient positioning [6-9]. As a
result, anesthetists tend to push in an extra length to
avoid dislodgement, especially in obese patients [9].
Insertion lengths of 7 and 8 cm were reported to have a
higher incidence (8%-8.3%) of intravascular placement
than shorter lengths [7, 8], while in another study, the
incidence of intravascular location remained the same
with a 3-cm insertion length [6].

We speculate that intravascular or subarachnoid
placement is likely to occur during the initial process of
catheter insertion [10] when the force applied on the
outside catheter is sufficient enough to be transmitted
to its tip for penetrating the vessel wall. Once the tip
confronts an obstruction, it tends to coil beyond that
length [11]. Obstruction encountered by the tip is per-
ceived as resistance to insertion by the operator. As a
result of the force applied to overcome the resistance,
bends are produced in the catheter that can be seen on
its removal. A correlation between what is felt and what
is observed can assist in gauging the behavior of a cath-
eter when it is inserted at different lengths inside the
epidural space. Investigators have used radiological
methods to study the behavior of a catheter inside the
epidural space, but it is not feasible to use such methods
to determine the point of intravascular placement [12].
This study was designed to investigate where the resis-
tance was felt during the advancing of a catheter into
the epidural space and whether the length of catheter
advanced in the epidural space affected the incidence
of catheter migration.
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Patients, materials, and methods

This study was conducted at Jawaharlal Institute of
Postgraduate Medical Education and Research, Pondi-
cherry, India, between July 2006 and July 2008, after
approval was given by the Institutional Research and
Ethics Committee. One hundred and twenty women,
American Society of Anesthesiologists (ASA) 1 and 2,
scheduled to undergo elective lower abdominal gyneco-
logical surgeries were recruited for the study after
obtaining informed consent for the study and anesthe-
sia/surgery. Patients with a history of myocardial infarc-
tion or cerebrovascular insufficiency, height less than
140 cm, bleeding disorders, and evidence of local infec-
tion around the lumbar region, and those on anticoagu-
lant therapy were excluded from the study.

The 120 patients were randomly assigned to two
groups, according to the length of epidural catheter to
be inserted inside the epidural space; assignment was
done by a sealed envelope technique by a person not
involved in the study. The allocation sequence was gen-
erated by computer in blocks of 10. The groups were
based on the length of epidural catheter left inside the
epidural space: a length of 4 cm (4-cm group; n = 60)
and a length of 8 cm (8-cm group; n = 60).

All patients were premedicated with diazepam 10 mg
(tablet) the night before and in the morning of the
surgery. In the operating theater, baseline ECG, heart
rate (HR), mean arterial pressure (MAP), and percuta-
neous oxygen saturation (Sp,,) were recorded. Lactated
Ringer’s solution (1000 ml), prewarmed to 37°C, was
infused over 30 min.

Epidural puncture was performed in the left lateral
position with the needle bevel oriented cephalad and
perpendicular to the skin, under complete aseptic pre-
cautions [13]. The epidural space was identified through
the midline approach with an 18-gauge Tuohy needle,
using a BD Perisafe Epidural Anesthesia Kit (Becton
Dickinson Medical Devices, Suzhou, P. R. China) in the
L2-L3 intervertebral space by a loss-of-resistance tech-
nique using air and confirmed by negative aspiration of
blood and cerebrospinal fluid (CSF).

A multiorifice epidural catheter was inserted accord-
ing to the designated length for the group through the
cranially directed tip of the epidural needle. Anesthesi-
ologists experienced in epidural catheter insertion were
asked to note whether any resistance to insertion was
felt. The resistance was ranked with a four-point score
(1, no resistance and smooth insertion; 2, mild initial
resistance and subsequent insertion; 3, continuous resis-
tance to insertion requiring force to overcome; 4, resis-
tance not overcome by force requiring needle
repositioning). The length at which the resistance was
encountered in threading the epidural catheter beyond
the hub of the Tuohy needle was noted. A second

attempt, made by reinserting the needle in the same
space, was carried out in patients with a resistance score
of 4; if this was unsuccessful the epidural block was
abandoned.

As soon as the resistance was overcome, a gentle
aspiration was done at that length to rule out intravas-
cular or subarachnoid placement, and the remaining
length of the catheter was then threaded in. If blood or
CSF was aspirated, the catheter was removed and rein-
serted in the same space. If there was no aspirate, a 3-ml
test dose of 1.5% lidocaine with 15 ug adrenaline was
administered through the catheter. The presence of
clinical signs of an intravascular injection were sought
for the following 2-3 min by asking the patient whether
she felt dizzy, had tinnitus, or had a metallic taste in her
mouth. If there were no signs of an intravascular injec-
tion, the catheter was then secured firmly on the back
using an adhesive plaster. Five minutes after the test
dose, if there were also no clinical signs of a subarach-
noid injection, as evidenced by the patient’s ability to
move her legs and the absence of hypotension, an addi-
tional 13 ml of 2% lidocaine with 5 ug-ml™ of adrenaline
was injected through the catheter in patients in both
groups. The patient was turned supine and, with the
pin-prick method, the maximum height of sensory
level achieved at 20 min was noted. Unilateral block,
unblocked sacral segments, low level or a patchy block,
or the patient complaining of pain despite adequate
height of sensory level were regarded as “unsatisfactory
block” before surgery. Patients with unsatisfactory
block were administered general anesthesia.

In all patients, epidural morphine (4 mg) was given
on demand, or when the visual analogue score (VAS)
was more than 5 out of a possible value of 10 cm, to
provide postoperative analgesia. The epidural catheter
was removed after 48 h and subjected to close scrutiny
after removal. The retrieved length and kinks or bends,
if any, were further assessed. The most distal point at
which the catheter was bent (primary bend) was noted.
The primary bend was ranked on a three-point score (1,
no bend in the catheter; 2, mild noticeable bend; 3,
definitive bend). The catheter was further examined for
evidence of any secondary bend between the primary
bend and the point where it had been secured to the
skin (Fig. 1).

The data were collected and analyzed using SPSS
(SPSS, Chicago, IL, USA) statistical software, version
15. The sample size was estimated according to the data
collected for all the epidural anesthesias performed
during a period of 1 year at our institution; the data
revealed a 20% incidence of improper epidural catheter
placement with a difference of 15% between the groups
at an alpha error of 0.05 at a power of 0.8. Improper
epidural catheter placement consisted of unsatisfactory
block (unilateral, patchy effect, or patient complaining
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of pain despite adequate sensory level height), appear-
ance of blood or CSF on aspiration, and catheters
getting stuck. The parametric and nonparametric data
of the two groups were compared and analyzed using
two tailed Student’s ¢-test and the Mann-Whitney U-
test, respectively. The %* test was used for analysis of
nominal data. Linear regression analysis was performed
for correlating the length at which resistance was
encountered during insertion of the epidural catheter
and the primary bend seen on its removal. P < 0.05 was
considered significant

Length of epidural
catheter coiled inside <
epidural space 3

(Point of |
to insertion)

Fig. 1. Bends that were imposed on the epidural catheter
during insertion, revealed after removal

Results

The physical characteristics of the two groups were
comparable (Table 1). Successful insertion of the epi-
dural catheter was accomplished in 87% of the patients.
Epidural anesthesia had to be abandoned in 4 patients
in whom blood appeared on aspiration during the
second attempt and in 12 patients who had an unsatis-
factory block.

Resistance to insertion of the epidural catheter was
felt in 83 out of the 120 patients (69.2%). However,
the incidence of resistance to insertion and the mean
length at which it was felt were similar in the two groups
(Table 2). In 8 patients (6.6%), with a resistance score
of 4 (Table 2), the needle had to be reintroduced in the
same space to achieve catheter insertion.

Blood could be aspirated in 9 of the 120 patients
(7.5%) as soon as the resistance was overcome; however,
the incidence of bloody tap was similar in the two groups
(6.7% and 8.3% in the 4-cm and 8-cm groups, respec-
tively; Table 3). In these 9 patients, frank blood was
seen on aspiration before the insertion length desig-
nated for the group could be achieved. The catheter
was removed and reinserted in the same space. In 4 of
these patients (2 in each group) bloody tap occurred
again during the second attempt, and the epidural anes-
thesia had to be abandoned. The overall incidence of
unsatisfactory blockade was 10%, but the incidence was
similar in the two groups (6.7% versus 13.3% in the
4-cm and 8-cm groups, respectively). Supplementary

Table 1. Physical characteristics of patients who had an epidural catheter inserted 4 cm

and 8 cm into the epidural space

Physical characteristics 4-cm Group (n = 60)

8-cm Group (n = 60)

Age (years) 46.4 £ 11
Weight (kg) 522+£57
Height (cm) 154.7 £4.7

483 +21.3
509+51
153.1£3.9

Values are expressed as means + SD

Table 2. Resistance encountered during catheter insertion and the imposed bends observed on the catheter after removal in

the 4-cm group and 8-cm group

Resistance during catheter insertion

4-cm Group (n = 60) 8-cm Group (n = 60)

Resistance encountered (n)

39/60 (65%) 44160 (73%)

Mean length at which resistance was encountered (cm) 2.2 +0.65 28+1.21
Resistance score
Score 1, no resistance and smooth insertion 21 (35%) 16 (26.7%)
Score 2, mild initial resistance on subsequent smooth insertion 24 (40%) 20 (33.3%)
Score 3, continuous resistance to insertion requiring force to overcome 12 (20%) 19 (31.6%)
Score 4, resistance not overcome by force requiring needle repositioning 3(5%) 5(83%)
Bends imposed on the catheter
Primary bend 46 (77%) 56 (93%)
Primary and secondary bend 2 (3%) 35 (58%)*

* P < 0.001; odds ratio, 35.67
Values are means £ SD or numbers (percentages)
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Table 3. Frequency of insertion complications and unsatisfactory analgesia

Insertion complications

4-cm Group (n = 60)

8-cm Group (n = 60) Overall (n = 120)

Bloody tap

Length of catheter in epidural space at
which bloody tap seen (cm)

Paresthesia

Subarachnoid placement

Unsatisfactory analgesia

2.5 (2-3)

4(6.7%)

18 (30%)
0

4(6.7%)

5 (8.3%)
2.5 (2-3)

9(7.5%)
2.5 (2-3)
18 (30%) 36 (30%)

0 0

8 (13.3%) 12 (10%)

Values are medians (ranges) or numbers (percentages)

Correlation between resistance encountered and bend observed

R SqLinear=0.79

* P=0.005

T T T T T T T T T T T T T T T
0 05 00 05 10 15 20 25 30 35 40 45 50 55 60
Resistance encountered during insertion (cm)

Fig. 2. Scatter plot showing linear correlation between the
length of the catheter at which a primary bend was noted after
removal and the length at which resistance was felt during
insertion (n = 83 pairs). Regression prediction lines at 95%
confidence intervals (R* = 0.79, P < 0.005)

general anesthesia was administered in all the
patients who had an unsatisfactory block. Both these
complications (blood aspiration and unsatisfactory
block) were observed among the patients who had resis-
tance to the insertion of the catheter. Thirty-six patients
(30%) felt paresthesia during catheter insertion; no
patient had subarachnoid location of an epidural
catheter.

On removal of the epidural catheters, a bend in the
catheter was noted in 56 patients in the 8-cm group
(93%) and in 46 patients (77%) in the 4-cm group.
However, a significantly greater number of catheters
with 8-cm insertion (58%) had a secondary bend in
addition to the primary bend, compared to the number
with a secondary bend in catheters with 4-cm insertion
(3%; P < 0.001; odds ratio, 35.67; Table 2). The length
at which resistance was felt during insertion was corre-
lated with the length at which the primary bend was
noted after removal of the epidural catheter (P < 0.005;
Fig. 2).

Discussion

We demonstrated that resistance to insertion of an epi-
dural catheter was perceived at about 2.5cm in the
epidural space. Blood was aspirated immediately after
the resistance was overcome and within 3 cm of advanc-
ing the catheter into the epidural space. Advancing the
catheter any further may cause intravascular migration
of an epidural catheter.

Blood was aspirated immediately after the resistance
was overcome in 9 patients in the present study (7.5%;
this occurred in 6.7% of the 4-cm group and in 8.3% of
the 8-cm group) and it occurred within 3 cm of catheter
advancement into the epidural space. A bloody tap can
result from intravascular catheter placement or from
blood oozing out of damaged veins. However, we aspi-
rated frank blood in all these patients.

Cesur et al. [6] reported an 8.2% incidence of intra-
vascular placement with 3-cm catheter insertion in
normal healthy adult patients, while Beilin et al. [§]
reported an 8.3% incidence of intravascular location in
healthy parturients, with the highest frequency occur-
ring in the 7-cm group, as compared to a 7.5% incidence
of intravascular placement in our study. Beilin et al. [§]
had performed aspiration to rule out intravascular
placement after the entire 7 cm had been advanced into
the epidural space. It is possible that intravascular place-
ment had occurred earlier and it was only by chance
that these patients were part of the 7-cm group. The
catheter tip is likely to penetrate the vessel wall when
the force of insertion generated by the operator is trans-
mitted to it; that is, until it confronts obstruction; sub-
sequently the force is transmitted to the part of the
catheter emerging out of the tip. In our study, resistance
was felt at a mean length of 2.5 £ 1.2 cm; thus, it seems
that the tip is likely to penetrate the vessel wall at a
shorter length of insertion. The use of softer catheters
may help to decrease the incidence of bloody tap and
the incidence of catheters getting stuck. Nevertheless it
is wise to keep in mind the occasional hazardous dual-
compartmental misplacement of multiorifice catheters,
in which a distal opening can lie intravascular or within
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the subarachnoid space, while the proximal orifice
simultaneously retains normal access to the epidural
space. Administration of a test dose and a 5-min inter-
val before performing the epidural injection should help
to identify such catheter misplacement [14].

In our study, on removal of the epidural catheter,
a distal (primary) bend was noted at a mean length of
2.4 + 1.3 cm; this was similar to that reported by Lim et
al. [11]. These investigators demonstrated, with the help
of fluoroscopy, that single-orifice epidural catheters
could be threaded into the lumbar space without coiling
up to a median length of 2.8 cm, ranging from 1 to § cm.
The coiling length was similar irrespective of the cepha-
lad (1-5.5 cm) or caudal direction (1.5-8 cm) of the
needle. Bends were noted on the removed catheters,
suggesting that after being advanced a short distance
into the epidural space, the catheters became coiled
within the epidural space [12,15,16]. A catheter bends
when the tip confronts the dura mater, blood vessels,
connective tissue, and neural structures that may hinder
its advancement [4]. The force applied on the outside
of the catheter catheter to thread it through the needle
is transmitted to its tip until it confronts the structures
in the epidural space (Fig. 3A). Any further force that
is applied to overcome the obstruction gets applied to
the part of the catheter emerging from the needle tip
and not to the catheter tip. This results in the bending
of the catheter in the epidural space (primary bend),
which is seen as the most distal bend on the catheter
(Fig. 3B). Our observations in the present study suggest
that another bend proximal to the primary bend (sec-
ondary bend) can be imposed if the catheter is inserted
beyond 3-4 cm into the epidural space, as the catheter
forms an S-shaped loop within the epidural space (Fig.
3C). In our study, the rate of occurrence of a secondary
bend was shown to be 17.5 times higher in the 8-cm
group than in the 4-cm group, indicating that once the
catheter is threaded beyond the resistance (primary
bend), it does not advance into the epidural space, but
coils into an S-shaped loop. In 37 patients, resistance to
insertion was not appreciated, while a primary bend in
the catheter was present in 102 patients. This discrep-
ancy suggests that, despite the satisfactory technical
performance of epidural catheterization, at times the
catheter is still likely to bend and coil within the epidu-
ral space even when the resistance is not felt, as the
catheters possess packing memory. Epidural catheters
are coiled and dispensed for use and therefore tend to
coil when threaded into the epidural space.

The optimal length of an epidural catheter to be
threaded into the epidural space is controversial [7-10].
It is suggested to thread in a length of at least 4 cm
inside the epidural space to prevent inadequate block
that might occur due to the movement of the catheter
out of the epidural space during traction applied by

I=H “

o

1 - Primary Bend; 2 - Secondary Bend

Fig. 3A-C. Estimated behavior of an epidural catheter. I,
Primary bend; 2, secondary bend

fixation to the skin [8]. Conversely, if a greater length
of the catheter is threaded in, there is uncertainty
regarding the position of the catheter and the possibil-
ity of extrusion of the catheter through the interverte-
bral foramen [16-18]; probably this is the reason why
a higher incidence of unsatisfactory analgesia was seen
with 8-cm insertion in our study (13.3% in the 8-cm
group and 6.7% in the 4-cm group). Radiological evi-
dence reported by Bridenbaugh et al. [15] also sug-
gested that only 12% of all epidural catheters directed
in a cephalad direction actually threaded to the “hoped
for” anatomic levels, while 21% of the catheters had
a terminal loop, 48% coiled at the insertion site, and
5% went in a caudal direction or migrated out through
an intervertebral foramen. However, these investiga-
tors did not correlate the failure rate or the sensory
level of epidural analgesia to the attained catheter
position.

We conclude that resistance to the insertion of an
epidural catheter is encountered after advancing the
catheter approximately 2.5 cm in the epidural space.
Further advancement may cause intravascular place-
ment or coiling.
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