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Predictors of difficult epidural placement in pregnant women: 
A trainees’ perspective
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Introduction

In an academic teaching hospital, the anesthesia trainees 
under the direct supervision of the faculty anesthesiologist 
perform majority of epidural procedures in the labor and 
delivery suite. According to the Accreditation Council 
for Graduate Medical Education’s requirement, an 
anesthesiology resident is required to perform at least 40 
epidural procedures during residency training.[1] In a study 

by Konrad et  al., looking at learning curves for various 
technical skills in anesthesia trainees, epidural anesthesia 
was the most difficult task to learn when compared to 
intubation, brachial plexus block, arterial line placement and 
spinal anesthesia.[2] The factors contributing to a difficult 
epidural placement for a trainee are complex technique, 
inadequate experience and patient factors like obesity, spinal 
deformities, inability to identify interspinous space, and the 
distance the catheter is threaded into the epidural space.[3‑5] 
Even with experienced anesthesiologists, the incidence of 
difficult epidural placement is reported to be as high as 30% 
in patients undergoing surgery.[3] The studies done looking 
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Background and Aims: Epidural analgesia is believed to be the most difficult technique to learn for a trainee. The reason 
for this is not only inexperience of the provider and the complexity of the technique but also patient factors like obesity, spinal 
deformity and others which makes the epidural placement difficult. The aim of this study was to evaluate some of the common risk 
factors for difficult epidural placement as perceived by the anesthesia providers during training, with varying level of experience.
Material and Methods: This prospective observational study includes patients who received epidural placement for labor 
analgesia. Data recorded on these patients included age, height, weight, body mass index (BMI), ease of palpation of the spinous 
process, level of epidural placement, number of attempts, time taken for epidural placement and experience of the provider. 
The association between the variables were assessed using logistic regression for first attempt success and Cox proportional 
hazard ratio for time to epidural placement.
Results: A total of 373 patients received epidural placement for labor analgesia. The mean BMI at the time of placement was 34. 
The first attempt success rate for the placement of epidural was 67% (n = 273). Women with well palpable spinous process were 
3.3 times more likely to have a successful first attempt placement irrespective of the provider experience or BMI [3.39 (1.77‑6.51), 
P < 0.001]. The time to placement was shorter in patients with good anatomical landmarks [1.58 (1.20‑2.07), P < 0.001) 
and when performed by a trainee who had performed a minimum of 20 epidural procedures [1.57 (1.26‑1.94), P < 0.001).
Conclusion: Inability to palpate the spinous process contributes to multiple attempts at epidural placement when performed by a trainee.
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at difficult epidural placement in trainees only evaluated 
the time taken to learn the skill or achieve consistency with 
the technique, but failed to take patient characteristics into 
account. In this observational study, we wanted to look at 
the difficult epidural placement and identify some of the 
common predictors of difficult placement for a novice trainee.

Material and Methods

This prospective observational study was conducted between 
2015 and 2016. The Institutional Review Boards of Baylor 
College of Medicine, Houston, TX and Harris Health 
System, Houston, TX approved the study on 1/28/2015. 
Women who received epidural analgesia for labor during 
the study time period were included. Exclusion criteria 
were patients who refused epidural analgesia or who had 
contraindication to the placement of an epidural catheter (local 
infection, coagulation defects or neurological deficits). We also 
excluded the ones where the placement was not attempted by 
a trainee. Three hundred and seventy‑three pregnant women 
who had received epidural analgesia for the management 
of labor pain were enrolled in the study. Study‑specific 
data were collected using paper case report forms. Patient 
characteristics including age in years, weight in kg, and height 
in cm were recorded. Weight and height were recorded using 
a stadiometer and a digital weighing scale, respectively. Body 
Mass Index (BMI) was calculated as weight in kg/(height in 
m) 2. The following data regarding epidural anesthesia were 
self‑reported by the trainees: 1) ease of palpation of the spinous 
process (well palpable vs. not well palpable), 2) level where 
the epidural placement was attempted, 3) number of needle 
passes, 4) total number of interspaces attempted, 5) time 
taken for successful placement of the epidural catheter and 6) 
experience of the provider. The experience of the provider 
was recorded as those having less than 20 versus more than 
20 prior epidural placements.

If bony obstruction was encountered during the placement, 
the epidural needle was withdrawn slightly, and the needle 
was redirected into the epidural space. Redirecting the 
needle without completely disengaging from the skin was not 
counted as a new attempt. However, a new skin puncture at 
the same interspace or another interspace was considered 
as another attempt. An epidural was called difficult when 
more than one attempt was required to place the epidural 
catheter. The time for successful epidural placement was 
defined as the time from the injection of local anesthetic 
for skin wheal to the application of adhesive to secure the 
epidural catheter. The faculty anesthesiologist performed 
the epidural procedure if a trainee was unable to place the 
catheter within two attempts.

Statistical analyses
The demographic characteristics were summarized using 
standard descriptive measures. Logistic regression was used 
to assess the association between the dichotomous dependent 
variable, i.e., successful epidural placement in the first attempt 
with independent categorical variables, i.e., ease of palpation of 
the spinous process and experience of the provider as well as the 
numerical variable of BMI. Cox proportional hazard regression 
was used to assess potential predictors of time to successful 
placement of epidural catheter. Analyses were performed using 
Stata v12.1 (StataCorp College Station, TX). A P < 0.05 
was considered statistically significant.

Results

A total of 373 pregnant women who received epidural analgesia 
for labor were enrolled in the study. The median age was 
28.4 years [Table 1]. All epidural placements were performed 
in the sitting position except in two individuals where it was 
done in left lateral decubitus position. A 17‑guage 9.84 cm 
Hustead epidural needle was used in all patients. The epidural 
catheters were placed in the lower lumbar spaces at L3‑L4 and 
L4‑L5 in 93% of individuals [Table 1]. The mean BMI on 
admission for delivery was 34.0. Majority of the epidural were 
placed by the trainees during their first obstetric anesthesia 
rotation in the second or third year of training (n = 312). 
The final year (PGY4) residents contributed to about 5% 
of the placements (n = 20), while the rest (n = 38) were 
placed by the faculty when the trainees did not get it in 
the first two attempts. The spinous processes  (n  =  240) 
were well palpable in 149 (62%), and not well palpable in 
91 (38%) women. 60% of trainees had performed more than 

Table 1: Patient characteristics and risk factors for 
epidural placement

Mean (SD) age in yrs; n=372 28.4 (6.1)
Mean (SD) BMI; n=359 33.96 (7.26)
Anatomical Landmarks; n=240

Well palpable
Not well palpable

n (%)
149 (62%)
91 (38%)

Trainee experience; n=360
>20 epidurals 217 (60%)

Primary level of placement; n=369
T12 ‑ L1
L1-L2
L2-L3
L3-L4
L4-L5
L (level not specified)

5 (1)
1 (0.3)
11 (3)

171 (46)
164 (44)

17 (5)
Number of attempts; n=361

1
2
3 or more

243 (67%)
77 (21%)
41 (11%)

Wet Tap; n=340 7 (2%)
BMI=Body mass index, SD=Standard deviation, T=Thoracic, L=Lumbar
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20 epidural placements prior to enrollment in the study. The 
first attempt success rate for the placement of the epidural was 
67% (n = 243) and about 21% more catheters were placed 
on the second attempt. The faculty had to intervene and 
perform the epidural placement in 11% of the women. The 
incidence of wet tap was low at 2% (n = 7). Multivariable 
logistic regression showed that well palpable spinous process 
correlated with the successful placement of epidural catheter 
in the first attempt [3.39 (1.77‑6.51), P < 0.001]. This 
association was significant in spite of accounting for the BMI of 
the patient as well as the experience of the provider [Table 2]. 
The odds for successful first attempt placement of catheter was 
3.3 when the spinous process was well palpable.

We also looked at time to placement of epidural catheter, as 
it is an indirect measure of difficult placement  [Figure 1]. 
We thus assessed the effect of three factors, i.e.,  BMI, 
provider experience, and ease of palpation of the spinous 
process on the time to placement using Cox proportional 
hazard ratio  [Table  3]. Using univariate and multivariate 

analysis, we found that in patients with well palpable 
spinous process  [1.70  (1.24‑2.33), P  <  0.001] and 
the trainees with experience of more than 20 epidural 
procedures [1.77 (1.33‑2.34), P < 0.001] took less time 
for epidural placement [Figure 2].

Discussion

At an academic teaching institution, our responsibility is not 
only to teach the trainees to become proficient in performing 
epidural procedure, but also to ensure patient safety and 
satisfaction.[2] Labor epidural analgesia has been commonly 
used to manage labor pain over the last three decades and 
studies have shown that difficult epidural placement have been 
associated with higher complication rates like dural puncture, 
back pain, epidural hematoma, poor pain control and poor 
patient satisfaction.[6‑11] In this study, we wanted to estimate 
the incidence of difficult epidural placement in a teaching 
hospital and focus on identifying some of the predictors of 
difficult epidural placement as noted by the trainees. It is 
valuable to identify and assess the potential factors for difficult 
epidural placement as it helps formulate a safe anesthetic plan 
for the patient.

The term “difficult epidural placement” has a broad definition. 
Thus, our aim was to use more concrete factors in defining 
this term ‑  the rate of first attempt at successful placement 
and time to placement of epidural catheter to describe the 
ease of placement. Our study found that identification of 
spinous process was a significant and an important factor that 
correlated with first attempt placement by the inexperienced 
trainees. Moreover, the time taken for placement of catheter 
was less when the spinous process was palpable. It has been 
noted in the previous studies in pregnant and non‑pregnant 
population that poor anatomical landmarks were associated 
with difficult epidural placements.[3,12,13] It is well known that 

Table 2: Univariate and multivariable Logistic Regression for first attempt success

First attempt success 
Variables

Univariate Logistic Regression Multivariable Logistic Regression
Odds ratio 95% CI P Odds ratio 95% CI P

BMI 0.99 0.96-1.02 0.54 1.02 0.98-1.06 0.32
Well palpable spinous process 3.31 1.87-5.84 <0.001 3.39 1.77-6.51 <0.001
Experience (>20 epidural placement) 1.10 0.70-1.73 0.69 0.93 0.51-1.71 0.82
BMI=Body mass index, CI=Confidence interval

Table 3: Univariate and multivariable Cox Proportional Hazard Ratio for Time to epidural placement

Time to epidural placement 
Variables

Univariate Cox Proportional Hazard Multivariable Cox proportional Hazard
Hazard ratio 95% CI P Hazard ratio 95% CI P

BMI 0.99 0.98-1.01 0.22 1.00 0.98-1.02 0.96
Well palpable spinous process 1.58 1.20-2.07 0.001 1.70 1.24-2.33 0.001
Experience (>20 epidural placement) 1.57 1.26-1.94 <0.001 1.77 1.33-2.34 <0.001
BMI=Body mass index, CI=Confidence interval

Figure 1: Kaplan‑Meier curve that indicates the time to placement of the epidural 
catheter. The median time to placement was 13 minutes (95% CI = 12,14)
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the spinal deformities are associated with altered anatomy, 
that makes it difficult to palpate the spinous process, requiring 
multiple attempts at placement.[5]

Trainees are generally taught that obesity is associated with 
difficult epidural placements; however, this study showed that 
BMI is not an independent predictor for difficult placement 
in pregnant patients unless it was associated with poorly 
palpable spinous process. Although BMI is used as an 
indicator of obesity, we cannot apply the World Health 
Organization (WHO) definition of obesity to the parturient 
in labor, as it does not consider the weight gain during 
pregnancy. The women’s pre‑pregnancy weight could have 
been considered to quantify obesity, but the weight gain is 
not uniform during pregnancy. Hence, we used the weight of 
the parturient on admission to the labor and delivery suite. 
Our study is consistent with a previous study that looked at 
difficult neuraxial technique in 427 pregnant patients who 
were obese.[13] The study concluded that obesity was not 
an independent predictor of difficulty however, inability to 
palpate the bony landmarks and the patients’ ability to flex 
the back predicted neuraxial difficulty.[13] Many studies in 
the non‑pregnant population have confirmed that BMI only 
significantly influences the placement in patients with poor 
landmarks or if there were spinal deformities.[5,12]

Obstetric anesthesia is a sub‑specialty rotation and the trainees 
get to complete a 2‑month rotation either in the latter half 
of PGY2 year or in the PGY3 year of training. We could 
have looked at years of training in the analysis of technical 
skills but due to challenges in scheduling we avoided using 
the training years for experience. As a part of the ACGME 

requirement, the trainees are required to maintain a log of the 
number of procedures done. It is believed that about 20‑25 
epidural placements may be required to reach consistency in 
epidural placement[14] while proficiency could be achieved 
after more than 50 placements.[12,15] Drake et  al. in their 
study described that there was a steep learning curve with 
the initial few epidural placements and following the first 
10, the average success rate for the subsequent placement 
was more than 75% as assessed using the cumulative sum 
analysis (CUSUM) analysis.[15] Hence, we used 20 epidurals 
as our cut‑off for experience level, which is also half the number 
of epidurals required by the ACGME to be completed during 
the residency training. In our study, about 40% of the trainees 
had performed less than 20 epidurals and it was interesting 
to note that this did not have any significant effect on the 
first attempt placement. The incidence of dural puncture 
was not high  (2%) when performed by the trainees and 
was comparable to other published studies.[10] As expected, 
trainees with fewer epidural placements took longer to place 
the epidural catheter.

Identifying the risk factors or predictors of difficult epidural 
placement is important in a teaching hospital, as it would 
help the anesthesia faculty to facilitate better teaching with 
fewer complication rates. In patients with poorly palpable 
spinous process, patient’s position could be optimized by 
using an epidural chair or by asking the patients to arch the 
back with the convex arch towards the provider. This widens 
the vertebral spaces and helps with the ease of epidural 
placement. In the recent years, lumbar neuraxial ultrasound 
has been used to identify the interspinous space and estimate 
the depth to the epidural space.[16‑18] In individuals with obesity 

Figure 2: Kaplan‑Meier curve showing the time to placement of epidural by palpation of spinous process and provider experience. The curves indicate that the time 
to placement of the epidural was significantly longer when the spinous process was not well palpable when compared to those that were well palpable (P < 0.001). 
Also, the trainees took longer time for placement if they had not performed at least 20 prior epidurals (P < 0.001)
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where the landmarks are difficult to palpate, ultrasound can 
provide useful information on the spinous processes and 
interspinous spaces.[17] There is significant evidence to support 
that with trainees performing the lumbar neuraxial ultrasound 
technique, success rate is high and rate of catheter replacement 
has decreased.[16] Hence, in a laboring parturient, identifying 
the potential predictors of difficult epidural placement and 
early use of ultrasound should be considered for enhanced 
learning and for improving patient satisfaction.

There are some limitations to the study. Consistent with 
observational studies, there were some gaps in the data 
collection. Even though definitions of palpable spinous process 
and attempts at epidural placement were explained, there may 
have been some variation in the assessment as it was subjective.

In conclusion, our study shows that with anesthesia trainees 
there was a greater likelihood of first attempt success rate and 
a shorter time to epidural placement in pregnant women with 
easily palpable lumbar spinous process. The patients’ BMI and 
the providers’ experience did not show any correlation with the 
first attempt placement. In patients with poorly palpable spinous 
process it may be beneficial to consider ultrasound‑guided 
placement in order to avoid multiple attempts.
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