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Anesthetic experience does not reduce 
accidental dural puncture in surgical patients: 
a retrospective case‑controlled study
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Abstract 

Background:  Accidental dural puncture (ADP), which is a complication of epidural anesthesia, still exists and leads 
to worse outcomes in surgical patients. While residency training is important for epidural competency, it remains 
unknown whether anesthetic experience reduces ADP in surgical patients. Using an incident reporting system along 
with anesthetic records, this case-controlled study retrospectively investigated risk factors associated with ADP in 
surgical patients.

Methods:  Patients who experienced ADP during epidural anesthesia who were registered in the incident reporting 
system of our institution between April 2012 and March 2019 were enrolled. Patients with ADP were control-matched 
with those who without ADP in a 1:3 ratio, to compare the potential risk factors and calculated odds ratios (ORs) for 
ADP. The primary hypothesis was that anesthesiologists’ experience reduces the incidence of ADP. The secondary 
hypothesis was that there are risk factors for ADP. Between-group differences in anesthesiologists’ experience were 
compared using the Mann–Whitney U test. Significance was set at P < 0.05.

Results:  Thirty-five patients who experienced ADP were identified from the incident reporting system. These were 
matched with 69 patients who did not experience ADP. There was no difference in the years of experience of anesthe-
siologists between the groups that did and did not experience ADP (8 [3–20] vs. 9 [3–18] years, respectively; P = 0.65).

Conclusions:  Having an experienced anesthesiologist did not guarantee the prevention of ADP. Daily individual 
training and briefings would be needed to reduce the incidence of ADP.
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Background
Epidural anesthesia is a common method of providing 
postoperative analgesia [1]. Accidental dural puncture 
(ADP) refers to an anesthesia-related complication [2] 
and could result in postdural puncture headache [3], 
prolonged hospitalization, increased medical costs, and 
delayed rehabilitation [2]. To prevent ADP, we need to 
recognize identified risk factors: multiple attempts [4], 

depth to the epidural space [5], and patient movement 
[4] in labor, old age [6, 7], and lower lumbar approaches 
[6, 7], in surgical patients. In addition, considering the 
report that trainees require approximately 50 attempts to 
achieve epidural competence [8], it would be important 
for anesthesiologists to be trained in residency programs. 
However, it is still unclear whether anesthesia residency 
training is enough for reducing the incidence of ADP in 
surgical patients.

We, therefore, hypothesized that clinical anesthesiol-
ogy experience reduces the incidence of ADP in surgical 
patients. We investigated the potential risk factors using 
incident reports and anesthetic records. The incident 
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reporting system, which has recently been established to 
assess and prevent potential health complications [9], is 
a powerful tool to review each adverse incident in detail. 
We also discuss the preventive methods for ADP.

Methods
Our study was approved by the hospital’s Ethics Com-
mittee on August 22, 2019 (protocol no. 2105). It fol-
lowed the recommended Strengthening the Reporting 
of Observational Studies in Epidemiology (STROBE) 
guidelines Informed consent was obtained Opt-out on 
the web-site of Department of Anesthesia, University of 
Yamanashi. Those who rejected were excluded. This was 
approved by the ethic board. All methods in the study 
were conducted in accordance with all requirements out-
lined by the Ethic Committee and the ethical standards 
laid down in the amended 1964 Declaration of Helsinki.

Study design
This study used a retrospective, case-control design to 
assess the patient- and anesthesiologist-related risk fac-
tors for ADP in surgical patients.

Patient population
We recruited patients with ADP from April 2012 to 
March 2019 using the incident reports system of our 
institute. All patients who experienced ADP during epi-
dural anesthesia who were registered in the incident 
reporting system were enrolled. Patients who opted out 
were excluded.

It is mandatory to submit these reports whenever an 
anesthesia-related ADP occurs in our hospital. Two 
authors extracted and browsed all anesthesia-related 
reports and identified those that included the phrase 
“accidental dural puncture.”

The electronic incident reporting system used for this 
study is operated by the University Hospital. Any health-
care provider can access the platform without restrictions 
and submit a report. These reports provide a description 
of the incident cases.

Following the selection of ADP incidents, we obtained 
data on the patients’ background. We also collected rel-
evant information from the anesthesia and medical 
records.

In addition, we conducted a retrospective search for 
all the surgical patients who underwent epidural anes-
thesia or combined spinal-epidural anesthesia during the 
same period. We matched each ADP patient with their 
non-ADP counterpart in a 1:3 ratio to assess the risk fac-
tors. We have described the matched factors in Statistical 
analysis section.

Data collection
We collected data on age, sex, height, body weight, body 
mass index, comorbidities, medications, diagnosis, surgi-
cal procedure, and the American Society of Anesthesiol-
ogists physical status (ASA-PS). In addition, we obtained 
information on the experience of the anesthesiologist, 
the number of epidural puncture attempts, number of 
epidural anesthesia providers, approached intervertebral 
level, method of approach (median/paramedian), and 
depth to the epidural space, from the anesthesia records. 
We also collected additional information that described 
the event from the incident reports, if available. Missing 
data were excluded from the analysis.

Epidural anesthesia and accidental dural puncture
All procedures related to epidural anesthesia were per-
formed in a lateral decubitus position using a 17-gauge 
Tuohy needle (B Braun Medical Inc., Tokyo, Japan) 
before anesthetic induction. Each anesthesia provider 
chose the method of approach—median or paramed-
ian—and approached the intervertebral level. They 
detected the epidural space using the “loss-of-resistance” 
technique. After placement of the epidural catheter, 
we injected 3 mL of 2% mepivacaine as a test dose. The 
anesthetic dermatomal levels achieved were determined 
using a cold test. Each attending anesthesiologist defined 
the occurrence of ADP based on cerebrospinal fluid dis-
charge, unexpected blood pressure drops, and unex-
pected motor block.

Hypotheses
The primary hypothesis was that the experience of the 
anesthesiologist reduces the incidence of ADP in surgi-
cal patients. The secondary hypothesis was that there are 
potential risk factors for ADP.

Sample size calculation
We calculated the sample size using G*Power (version 
3.1) (University of Düsseldorf, 2020) [10]. According to 
the “G*power” calculation, a sample of 32 patients with 
ADP and 64 patients without ADP in each group would 
be required to have a large effect (d = 0.50), with α = 0.05, 
β = 0.2, and patients ratio = 1:2, using the Wilcoxson–
Mann–Whitney test.

We estimated that 32 patients should be identified 
from the incident report for the past 8 years based on 
the incidence of ADP (0.5%) [6, 7] and the number of 
patients who underwent epidural anesthesia each year in 
our hospital (n≒800): 6400 cases of epidural anesthesia in 
the past 8 years.
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Statistical analysis
Data are presented as mean ± standard deviation or 
median (interquartile range) for continuous variables 
and frequencies (percentages) for categorical variables.

We matched the cases and controls in a 1:3 ratio 
based on the type of surgery (gynecologic, obstetric, 
upper/lower abdominal intestinal, urological, or tho-
racic), sex, age (within 10 years), height (within 10 cm), 
weight (within 10 kg), year of surgery (within 1 year), 
ASA-PS (within 1 point), and emergency status, con-
sidering 30% of unmatched pairs. Patients who expe-
rienced ADP were matched with those who did not 
experience ADP, based on characteristics such as age, 
sex, weight, and depth to the epidural space, to exclude 
patient-related factors discussed previously [5–7]. In 
instances where patients who experienced ADP were 
matched with fewer than three patients who did not 
experience ADP, we did not recruit additional patients 
who did not experience ADP.

Continuous variables were compared between the 
two groups using Student’s t-test or Mann–Whitney 
U test. Frequencies were compared between the two 
groups using the chi-squared test or Fisher’s exact test.

Logistic regression analysis was used to estimate 
unadjusted and adjusted odds ratios with 95 confi-
dence intervals for ADP in surgical patients. Experi-
ence of anesthesiologist and variables with P < 0.05 
were included in the regression model, which was 
adjusted for potential anesthetic confounders (anes-
thesiologists’ experience, number of epidural puncture 
attempts, and number of epidural anesthesia provid-
ers). Statistical analyses were performed using SPSS 
(version 23) (IBM Japan, Tokyo, Japan). Significance 
was set at P < 0.05.

Results
Thirty-five patients with ADP were identified from the 
incident reporting system. All incident reports were sub-
mitted by the anesthesiologist. All incidents occurred in 
the operating room. The details of the procedure were 
unavailable (i.e., the step of needle insertion or timing of 
syringe usage to detect epidural and others).

One doctor (senior resident) reported four incidents 
of ADP, two doctors reported 3 incidences of ADP each, 
five doctors reported two incidences of ADP each, and 15 
doctors reported one incidence of ADP each.

During the study period, 54 anesthesiologists (staff 
or senior residents) worked at our hospital. None of the 
patients who experienced ADP were excluded because no 
one opted out.

We also identified 5675 patients who underwent epi-
dural anesthesia during the study period from the anes-
thesia records. We selected 69 patients without ADP 
(Fig.  1), and they were control-matched based on their 
characteristics (Table  1). Eleven patients who experi-
enced ADP were each matched with three patients (con-
trols) who did not experience ADP, 12 patients were each 
matched with two controls, and a further 12 patients 
were each matched with one control.

Regarding patient characteristics, a higher number of 
patients with ADP had an endocrine disease (P = 0.03) 
and were foreigners (P = 0.04) (Table 1) compared to the 
controls. The endocrine disorders included Graves’ dis-
ease (n = 2), hypothyroidism (n = 3), adenomatous goiter 
(n = 1), and pituitary dysfunction (n = 1). Of the foreign 
patients, three were Asian and one was South American.

There was no difference in the years of experience of 
the anesthesiologists between the groups (patients with 
ADP vs. patients without ADP: 8 [3–20] vs. 9 [3–18] 
years, respectively; P = 0.65) (Table  2 and Fig.  2). The 
number of epidural puncture attempts was higher among 

Fig. 1  Flow diagram
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patients with ADP compared to those  without ADP 
(Table 2). The anesthesia provider was replaced after sev-
eral trials in three cases in each group.

Logistic regression analysis revealed that foreign 
patients, the presence of endocrine diseases and the 
number of epidural puncture attempts were independent 
risk factors for ADP (Table 3).

Discussion
In this study, while multiple epidural puncture attempts 
were identified as a risk factor for ADP, having a more 
experienced anesthesiologist did not reduce the inci-
dence of ADP in surgical patients. Additionally, foreign 
patients and endocrine diseases were identified as new 
patient-related risk factors.

Van de Velde et al. [11] reported that staff anesthesiolo-
gists (0.28%) did not reduce the incidence of ADP com-
pared to residents (0.33%) in 55 witnessed ADPs out of 
17,198 neuraxial blocks in labor. A case-controlled study 
reported by Michaan et al. [4] also did not find a differ-
ence in anesthesiologists’ experience (mean: cases vs. 
control: 10.9 vs. 12.4 years, respectively) in 49 cases of 
blood patches out of 17,977 epidural anesthesia cases in 
labor. The experience of the anesthesiologist in our study 
too did not influence the incidence of ADP in surgical 
patients, despite the greater variability in puncture sites, 
age, and anatomical changes compared to those of labor-
ing patients. This means neither residency training nor 
longer experience reduces the incidence of ADP in surgi-
cal patients, as well as in labor.

However, the present study did not reveal whether 
ADP was repeatedly caused by specific anesthesiologists 
or all anesthesiologists equally. The maximum number 
of ADPs produced by one individual was only four, while 
the median number of years of experience as an anes-
thesia provider in the ADP group was eight. Therefore, 

Table 1  Patient characteristics

Data are presented as mean ± SD, median [interquartile range], or number of 
patients (%). Some patients had more than one comorbidities

ADP Accidental dural puncture, BMI Body mass index, ASA-PS American Society 
of Anesthesiologists physical status

Patients with ADP
(n = 35)

Patients 
without 
ADP
(n = 69)

P-value

Matched variables

  Age (years) 55 ± 17 55 ± 17 0.92

  Sex (male:female) 13:22 27:42 1.00

  Height (cm) 160 ± 8 160 ± 8 0.90

  Weight (kg) 58 ± 9 58 ± 9 0.98

  BMI (kg/m2) 23 ± 3 23 ± 4 1.00

  ASA-PS 2 [2-2] 2 [2-2] 0.46

  Emergency 5 (14) 6 (8) 1.00

Procedures

  Gynecologic 9 (26) 18 (26)

  Caesarean section 8 (23) 16 (23)

  Upper abdominal 6 (17) 11 (16)

  Lower abdominal 6 (17) 13 (19)

  Urologic 5 (14) 8 (16)

  Thoracic 1 (3) 3 (4)

Non-matched

  Smoking 12 (34) 30 (43) 0.40

  Hypertension 13 (37) 22 (32) 0.66

  Ischemic Heart disease 3 (9) 9 (13) 0.75

  Liver dysfunction 5 (14) 15 (22) 0.44

  Kidney dysfunction 4 (11) 6 (9) 0.73

  Diabetes 2 (6) 9 (13) 0.33

  Dyslipidemia 3 (9) 12 (17) 0.38

  Endocrine disease 7 (20) 3 (4) 0.03

  Psychiatric disorder 6 (17) 6 (9) 0.21

  Foreigner 4 (11) 1 (1) 0.04

Table 2  Anesthetic factors of epidural anesthesia

Data are presented as median [interquartile range] or number of patients (%). The methods of approach in the three patients were unknown

ADP Accidental dural puncture

Patients with ADP
(n = 35)

Patients without ADP
(n = 69)

P-value

Intervertebral level for puncture T10 [T5–T12] T10 [T6–T11] 0.17

  T4–6 1 (3) 3 (4)

  T7–9 5 (14) 13 (19)

  T10–12 24 (69) 51 (74)

  L1 5 (14) 2 (3)

Method of approach (median:para-median) 11:21 35:34 0.14

Number of attempts 2 [1, 2] 1 [1–1.8] < 0.01

Number of operators 1 [1] 1 [1] 0.31

Depth (cm) 4.5 [4.0–5.0] 4.5 [4.0–5.0] 0.30

Experience of the anesthesiologist (years) 8 [3–20] 9 [3–18] 0.65
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more patients with ADP over a longer period are needed 
to determine the significance of anesthesiologists’ experi-
ence. Furthermore, detailed information on the epidural 
procedure from anesthetic charts and incident reports is 
needed to analyze individual technique.

In our hospital, while residents are trained under the 
supervision of the attending anesthesiologist, the attend-
ing anesthesiologists themselves have few opportunities 
to review their own skills and technique. Since anesthe-
siologists with over 20 years of experience can also cause 
ADP, repeated and periodical reviewing procedures are 
needed to maintain and improve their skills.

The key to successful epidural catheter insertion 
includes the following: skills of the anesthesiologist 
[8]; patient factors, such as anatomical variations [12] 
or deformities [13]; and patient positioning during the 
procedure.

In surgical patients, as well as in labor, multiple epi-
dural attempts are an independent risk factor for ADP. 
Especially in instances where epidural anesthesia has 
failed, we should be cautious to prevent ADP. Main-
taining optimal positioning [14] and preventing patient 
movement [4] would play important roles.

Optimal patient positioning is essential for success-
ful epidural placement. Regardless of the position (i.e., 
sitting, lateral decubitus, jack-knife, or prone position) 
selected for the initiation of neuraxial procedures, it is 
useful to have an assistant in front of the patient; this 
would facilitate attaining maximal spinal flexion [14]. We 
identified being foreigner as a patient-related risk fac-
tor for ADP. Not all foreigners are familiar with the local 
language. The presence of a language barrier impedes 
communication. In order to ensure proper communica-
tion between the patient and the anesthesiologist during 
the epidural anesthesia procedure [14], a trained helper 
and/or interpreter should be present to help relieve anxi-
ety and achieve better communication [15]. An assistant 
can relieve anxiety by guiding the patient and facilitating 
position maintenance without moving until the proce-
dure is complete [16].

Endocrine diseases were identified as another patient-
related risk factor for ADP. These factors may be related 
to patients’ movement because there are no reports on 
the association between the anatomy of the spine and 
thyroid disease or race. In our hospital, it is not manda-
tory for patients’ movement to be documented in the 

Fig. 2  Distribution of the anesthetic experience of epidural anesthesia providers

Table 3  Logistic regression analysis of accidental dural puncture

Adjusted OR: OR adjusted for the number of epidural puncture attempts and the experience of the anesthesiologist. Abbreviations: CI Confidential interval, OR Odds 
ratio

OR [95% CI] P-value Adjusted ORa [95% CI] P-value

Endocrine diseases 5.50 [1.33–22.8] 0.02 5.18 [1.51–26.4] 0.02

Foreign patient 8.77 [0.94–81.7] 0.06 12.1 [1.16–127.0] 0.04

Experience of the anesthesi-
ologist (years)

0.99 [0.94–1.03] 0.70 0.99 [0.94–1.03] 0.71

Number of attempts 1.83 [1.11–3.04] 0.02 1.98 [1.10–3.56] 0.02
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anesthetic chart. Further studies are needed to clarify the 
relationship between endocrine disorders and anxiety 
and patients’ movement during epidural anesthesia.

Our study has several limitations. First, the patient 
sample size was small because of the low incidence of 
ADP. It might affect secondary hypothesis. Therefore, a 
type-1 error cannot be excluded. Second, it was based 
on the incident reporting system. Underreporting might 
have occurred because of the voluntary submission of 
the reports [17]. A type-2 error cannot be excluded. 
Third, our analysis did not include a detailed descrip-
tion of the event. Therefore, the incident reporting sys-
tem needs to be modified for ADP analysis to include a 
more detailed description of the event. Fourth, epidural 
anesthesia was performed by few third- and fourth-year 
anesthetists. This can be attributed to the fact that they 
were employed at other hospitals during our residency 
program. Finally, these results might not be applicable to 
other institutions. In labor, epidural or spinal anesthesia 
was performed only in caesarean section. Most of the 
parturients were full-term births because our hospital is 
not a perinatal medical center. Our department does not 
have an obstetric section and does not use epidural or 
spinal anesthesia during vaginal delivery.

Our data suggest that continuous daily anesthetic train-
ing is needed. We should also remain cautious in  situa-
tions where epidural catheter placement has failed in the 
first attempt, to avoid ADP in surgical patients.

Conclusions
Greater anesthesiologist experience did not affect the 
incidence of ADP. Thus, daily individual training and 
briefing are needed to reduce the incidence of ADP. 
Endocrine disorders and foreign patients might be added 
to risk factors for ADP. In order to analyze the relation-
ship between each anesthesiologist’s skill and ADP, 
details of each epidural anesthesia procedure need to be 
described in daily anesthetic records and the incident 
reporting system.
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