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Abstract
Background and Objectives: Difficult epidural placement (DEP) during labor mée
distressing for the patient and may increase #leaf dural puncture. A score predicting DEP
based on the combination of individual risk factarsuld identify high-risk patients.
Therefore, this study aimed to identify risk fastéor DEP and build a prediction score.
Methods: 330 patients were prospectively included. More tbia@ skin puncture with Tuohy
needle defined DEP. Dura puncture occurrence wasded. The population was randomly
split into a training (Tra) and a validation (VaBts. In Tra, risk factors were identified with
logistic regression and used to build a score deji3 risk-groups. Model and score
discrimination was assessed with the c-index amadical usefulness of the score with
decision curves.
Results: DEP frequency was 30% (95%CI: 25-35). Dural purectuas more frequent in DEP
patients (4% versus 0%, p=0.007). Three independsktfactors for DEP were identified:
difficult interspinous space palpation (OR 6.1; 2389), spinal deformity (OR 2.4; 1.1-5.3)
and inability to flex the back (OR 3.0; 1.2-7.8}ir@ex of the model was 0.81 (0.74-0.88) in
Tra and 0.78 (0.70-0.86) in Val. A 5-point scoreswaeated defining a low- (score 0),
intermediate- (score 1-2) and high-risk groups resc®4) with predicted rates of DEP of
9.7%, 30.3% and 68.9%, respectively. The c-indethefscore was 0.79 (0.72-0.86) in Tra
and 0.76 (0.69-0.84) in Val. Decision curves suppw clinical usefulness of the score.
Conclusions:This study confirms risk factors for DEP and pragma score predicting DEP.
The score identifies high-risk patients that magdfi from an intervention to decrease DEP.
This hypothesis should be evaluated in an impactyst
Key words: Analgesia, Epidural Labor, Obstetric Ultrasonography Decision curve

analysis Prediction rule Prediction model



Introduction

Epidural analgesia during labor is commonly usedldvade with rates up to 70% in
France or in the USA 2 Multiple attempts at epidural placement with ripiét needle punctures
and multiple changes in needle direction may b&edising for the patient and may increase the
risk of dural puncture. Dural puncture remains thest frequent complication of epidural
placement during labct It may compromise the quality of the postpartueniqnl and lead to
claim * ° Five risk factors for difficult neuraxial blockalie been reported in the literature:
difficult palpation of bony landmarks, obesity, @i deformity, inability of the patient to flex
his/her back and operator’s low level of experiefit® Unfortunately, risk factors have been
identified in studies based on heterogeneous ptpoga(i.e. obstetric and non-obstetric patients)
using heterogeneous techniques (i.e. spinal oruegidlock and lumbar or thoracic epidural
block) ®*°. They may therefore not apply to epidural placeniembstetric patients. Moreover,
the two studies specifically conducted in obstepatients focused mainly on obesity and the
operator’s level of experience *° The first hypothesis tested in this study is tthe 5 risk
factors for difficult neuraxial block reported ihe literature are also risk factors for difficult
epidural placement (DEP) during labor.

Targeting interventions to patients at high-riskEP may decrease DEP frequency,
improve patient satisfaction and reduce the riskdwfal puncture. Interventions may include
performing epidural placement in the sitting pasitthat facilitates landmark location, referral to
an experienced anesthesiologist to perform the egha@ or the use of ultrasonographic

identification of the epidural spa¢&'® The use of ultrasound identification of the epidispace



when epidural puncture is expected difficult isomenended by the recent English National
Institute for Health and Clinical Excellence (NICBlidelines*®. High-risk patients could be
identified with a score based on the combinatiomdividual risk factors but no score for DEP
during labor is available. Determining the value using interventions in high-risk patients
identified with a score requires an impact studgciBion analysis techniques such as decision
curves can estimate if a decision to use interganti a patient is better made with or without a
score’’. The second hypothesis tested in this study isatexore predicting the risk of DEP is
clinically useful for the decision-making process

The primary aim of this cross-sectional study wasdnfirm risk factors for DEP during
labor and the secondary aim to build and evalleeclinical usefulness of a score predicting the

risk of DEP.

Methods

This prospective cross-sectional study was apprdwedhe Cochin Hospital Ethics
Committee, Paris, France. It was conducted in tlehd@ Hospital maternity unit (a teaching
hospital with 2,200 deliveries per year and 87%leyal analgesia rate). It complied with the
Strengthening the Reporting of Observational Stidi€Epidemiology (STROBE) statement.
Study design

Patients entering labor and requesting lumbar uepidanalgesia were invited to
participate by one of the investigators. Excluswmiteria were a contraindication to epidural
analgesia, patient’s refusal to participate ordmsiof spinal surgery. Informed written consent

was obtained from each participant.



Investigators were 6 certified anesthesiologistd @rresidents or fellows, representing
50% of the operators performing epidural placemerdur institution during the study period.
Anesthesiology residents were allowed to parti@gdatthe study once they had performed 50
epidural placements and were at the 50 proceduet & the beginning of the study.

Epidural placement was performed in the sittingitpws as it is routine practice in our
hospital. After skin anesthesia with 2% lidocainéhaut epinephrine, an 18-gauge 80 mm Tuohy
needle was inserted via the midline approach. Tdueal space was identified by loss of
resistance to saline. The choice of epidural sfpaéd.5 or L3-L4) was left to the discretion of
the attending anesthesiologist. When needle placem&s not possible at the selected
interspinous space, the anesthesiologist was drebdose another space. According to our local
protocols, residents were not allowed to perfornrartban 2 skin punctures with Tuohy needle
and had to ask their senior for help in that case.

Definitions of DEP and dural puncture

Epidural placement was defined difficult when Tuatgedle placement in the epidural
space required more than one skin puncture, reggadif the number of needle redirections. This
definition of DEP was based on a survey of thediiere about difficult neuraxial blo&& ° In
this survey, the most frequently used definitiorswlae number of skin puncture and the most
frequently used threshold defining difficulty wasma than one puncture.

Dural puncture was self-reported by each invetiigdt was defined as either reflux of
cerebrospinal fluid in the Tuohy needle or epidaatheter or motor blockade after a test dose of
2 mL 2% lidocaine without epinephrine. Motor blodkaafter the test dose was defined as a
grade> 2 on the 4-grade Bromage score with grade 1 quorelng to free movement of legs

and feet and grade 4 to inability to move legseet.f



Risk factors for DEP

Five risk factors for DEP were selected from a syrof the literature about difficult
neuraxial block®.

Palpation of interspinous spaces was classifiegoasl when easily palpable, poor when
hardly palpable and nil when impalpable” ® % Interspinous space palpation was defined
difficult for palpation scores of poor or nil.

Obesity was assessed by body mass index (BMIymat (iee. the ratio of the weight in kg
to the square of the height in m). Since no BMlaffitvalue has been defined for obesity during
pregnancy and as dichotomization of a continuoumbie in multivariable analysis can lead to
loss of information, BMI was expressed as a comtirswariablée?®.

Spinal deformity was defined as deviation from thilline of the visible or palpated
spinal processes, as previously repoftéd” *°

The ability of the patient to flex her spine wasetved by standing at the patient’s side
and asking her to flex her back to a maximlm The curvature of the skin was recorded as
either convex, straight, or concave. Inability kexfthe spine was considered to be present when
the patient presented a straight or concave curve.

Operator level of experience was based on the nuofbepidural placements performed
by each investigator before participating in thedgt An investigator was defined proficient
when he/she had performed more than 100 procedwefese participating in the study. The
cutoff of 100 was based on the study by Konrad.ghat demonstrated that it was the number of
cases necessary on the learning curve to obtain laast 80% successful placement tate

Outcome assessment



The operators performing epidural placement werglinded. They both assessed risk
factors before epidural placement and reportechtimber of skin punctures with Tuohy needle
after epidural placement on the case report foreyTwere instructed before participating in the
study to report patient's risk factors on the casport form before performing epidural

placement.

Statistical analysis

Statistical analysis used R software, version 2.1@R Foundation for Statistical
Computing, Vienna, Austria) and the results weneressed as number of patients (%) or mean +
one standard deviation. When appropriate, 95% denée intervals (95%CI) were calculated.

The frequency of dural puncture was compared ireptt with and without DEP with the
Fisher’'s exact test.

The population was randomly split into two equakssets: a training set used for model
building and a validation set. The randomizatiorswaade with the function sample of the
statistical software R. Firstly, 165 lines corresging to 165 patients of the database containing
330 patients were sampled at random and withouacement to constitute the training set.
Secondly, the remaining 165 patients not sampleck wlefined as the validation set. The five
candidate variables were compared between patwaiiisand without DEP in the training set
using Wilcoxon test for continuous variables anshEr’'s exact test for discrete variables. The
odds ratio of DEP for each variable was calculat#ti univariate logistic regression. The five
variables were then entered into a logistic regoessnalysis with backward selection to obtain a
prediction model. Interactions between final vaeahin the prediction model were tested. The

final model was evaluated for discrimination witietc-statistic. Discrimination refers to the



model ability to discriminate a patient with DEPorft a patient without DEP. The model
developed in the training set was applied to thédaton set without re-estimating the
coefficients and evaluated for discrimination wiitle c-index.

Our original plan was to include at least 350 patieBased on a prevalence of DEP of 30%,
105 events were expected with half of the eventhértraining set and half in the validation Set
’. Since 5 candidate variables were tested in #irilg set, it would lead to a ratio of the number
of events to the number of candidate variablestgrélban 10 on multivariable analysis.

A score to predict DEP was developed from the segoa coefficients of the multivariable
logistic regression model of the training set. lsbigi regression coefficient for the 3 significant
risk factors (difficult palpation of the interspum® space, spine abnormality and inability to flex
the back) was rounded to the nearest integer. ifiteger defined the number of points attributed
to the risk factor. The score was the sum of thatpa@orresponding to each variable. Three risk
groups were defined in the training set by cutaffues of the score according to sample sizes
with 1/3 of the training population in each rislegp. The odds ratio of DEP for the 3 risk-
groups was calculated with univariate logistic esgion. Discrimination of the score divided into
three risk-groups in the training set was assesd#u the c-statistic and calibration with a
calibration plot. Calibration refers to the agreainieetween the predicted probability of DEP in
each risk group and the observed probability of DEReach risk group. The agreement is
obtained when the predicted probability in a gigeoup is comprised within the 95% confidence
interval of the observed probability in this group. the validation set, discrimination and
calibration of the score divided into three riskigps was also assessed with the c-statistic and a

calibration plot.



Evaluation of a strategy to use an interventiomvoid DEP based on the 3 risk groups
defined by the score was made with decision cumvdbe training and in the validation sets.
Decision curve is a graphic display of the relagiup between the net benefit of the 3 risk groups
defined by the score and the threshold probalfiityintervention*” % In the present study, the
threshold probability for intervention was the pabbity of DEP for a given patient in whom the
anesthesiologist would use an intervention to attuglevent. A net benefit is calculated for each
threshold probability. The net benefit is the ptubey of true-positive results minus the
probability of false-positive results with the Ettweighted by the odds at the threshold.
Interpretation of decision curve analysis is basedtomparison of the net benefit of the 3 risk
groups defined by the score with the net benefiarofintervention in all patients” strategy (all
patients have DEP) and with the net benefit ofiatefvention in no patient” strategy (no patient
has DEP). When the net benefit of the 3 risk grodelned by the score is higher than the
benefit of these two strategies, the decision ® ars intervention should be based on the risk
groups rather than on the anesthesiologist's opini®ecision curve analysis allows
determination of the range of threshold probabk#itover which the 3 risk groups defined by the
score is clinically usefut’. The decision curve analysis was performed withBICA package

downloaded on www.decisioncurveanalysis.drg

Results

Three hundred thirty patients were included ingtly. The study flowchart is presented
in Figure 1 and patient characteristics are showrable 1.

Dural puncture
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The dural puncture frequency was significantly leigln patients with DEP than in
patients without DEP: 4/98 (4.0%;95%CI: 1.1-10.&jsus 0/232 (0%;0.3-3.1), respectively (p =
0.007).

Univariate and multivariate analysis

Prevalence of DEP was 32% (25-40) in the trainieig Bistribution of the 5 candidate
risk factors in this set is presented in Table 1.

In the training set, the candidate risk factorsenggnificantly different between patients
with and without DEP except for the operator’'s lewé experience (Table 2). Multivariate
analysis identified three risk factors for DEP (leaB): difficult palpation of the interspinous
space, spine abnormality and inability to flex teek. No significant interaction was observed
between the three final variables. The c-indexhif model was 0.81 (0.74-0.88).

The prevalence of DEP was 27% (20-35) in the vabdaset. The distribution of the 5
candidate risk factors in this set is presentedable 1. The c-index of the model built in the

training set when applied to the validation set @&8 (0.70-0.86).

Score to predict DEP and risk groups

The points based on the logistic regression caeffts for the presence of each of the 3
risk factors in the training set are presentedabl& 2: 2 points were attributed for the presence
of “difficult palpation of the interspinous spaceihd 1 point for the presence of “spine
abnormality” or “inability to flex the back”. Thecere was calculated by adding each component
and ranged from O to 4 with a median value of thetraining set.

In the training set, 3 groups were defined: a I¢score of 0; 62 patients or 37%), an

intermediate- (score of 1-2; 61 patients or 37%l, @ high-risk group (score of 3—4; 42 patients
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or 26%). Predicted probabilities of DEP were 9.8%.,3%, and 68.9%, respectively (Figure 2).
Compared with the low-risk group, odds ratio redate DEP in the training set was 3.6 (1.4-
10.7) for the intermediate-risk group and 23.3 {B453) for the high-risk group. The c-index of
the score divided into 3 risk-groups was 0.79 (@&5) and its calibration is shown in Figure 2.

The 3 risk groups based on the score built in thenihg set were evaluated in the
validation set. In the validation set, predictedhabilities of DEP in the low- (78 patients or
47%), intermediate- (56 patients or 34%), and higk-groups (31 patients or 19%) were 9%,
27.3%, and 63.1% respectively (Figure 2). The @nd the validation set was good with a
value of 0.76 (0.69-0.84). The good calibratiorihaf score was attested by the fact that predicted
probability in each group was within the 95% coafide interval of observed probability of DEP
(Figure 2).
Decision curve analysis

Evaluation of a strategy to use an interventiomvoid DEP based on the 3 risk groups
defined by the score was made with decision cuvede training and in the validation sets
(Figure 3). In the training set, for a thresholdlbility between 10 and 72%, the 3 risk groups
defined by the score had a higher net benefit thantwo extreme strategies. If a clinician would
consider an intervention when the risk of DEP w@%o0lor higher, then this decision would be
optimally guided by the 3 risk groups defined bg store rather than by clinical opinion. On the
contrary, if a clinician would consider an intertien when the risk of DEP was 72% or higher,
then this decision would be optimally guided withthe risk groups. In the validation set, the 3
risk groups defined by the score had a higher eaefit than the two extreme strategies for a

threshold probability between 10 and 61%.
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Discussion

Avoiding DEP during labor is an important issue sidering the high number of
procedures performed annually, its prevalence (BO%e current study) and the high frequency
of dural puncture in DEP patients (4% in the curstady).

Multivariable analysis of risk factors for DEP

Although intuitive, difficult bony landmark palpat, obesity, spinal deformity, poor
back flexion and operator’s low level of experierve all been identified as risk factors for
difficult neuraxial block®®. Unfortunately, the above-mentioned studies inetiieterogeneous
populations and techniques that may preclude #yglicability to epidural placement during
labor. Moreover, they did not always comply withrremt guidelines for the construction and
validation of a prediction modéf. As in previous studies, we found that difficutirty landmark
palpation, spinal deformity and poor back flexioeres independent risk factors for DEP. The
result of the multivariable analysis was not maifiwhen defining DEP as Tuohy needle
placement in the epidural space requiring more thanskin punctures. Difficult bony landmark
palpation was associated with the highest riskvadeaced by an odds ratio twice the one of
spinal deformity or poor back flexion. Like Ellina$ al., we did not demonstrate any effect of
obesity, probably because of the association betwawesity and difficult bony landmark
palpation or poor back flexioh'’. The lack of statistical association between iherator’s level
of experience and DEP may be explained by thetFattinvestigators in our study were either
seniors or experienced residents. The results oady may therefore not apply to institutions

with novice obstetric anesthesia residents.
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The multivariable prediction model had a good dmagrating ability with a c-statistic of
0.81. However, the real performance of a predictimdel is only ascertained when applied to a
population different from the population used tasmuct the model (external validatiot)
Internal validation with random splitting in a tnéng and validation sets is a robust method to
assess the performance of the model if it had t@afydied to a different population. In the
training set, the c-statistic was still 0.77 witldifference of the c-statistic between the training
and validation sets less than 0.05.

Development of a score to predict DEP and creatioof risk groups

A method to assess individual outcome is to usenple score combining risk factors for
DEP according to their own predictive strength. Boere enabled 3 risk groups to be defined
stratifying the risk of DEP into low (score 0), éntnediate (score 1-2) or high (score 3-4). The
good discrimination of the score in the trainingl aralidation sets (c-statistic = 0.79 and 0.76,
respectively) and its good calibration (Figure 298 its robustness. It is an argument to support
its application in clinical practice.

Interventions to avoid DEP could include performiegidural placement in the sitting
position that facilitates landmark location or w@ginitrasonographic identification of the epidural
space’*® 2% The use of ultrasound identification of the epadspace when epidural puncture is
expected to be difficult is recommended by the med¢ICE guidance'?. Unfortunately, the
guidance did not indicate when DEP is expected. Ftudies conducted in obstetric patients,
with one study focusing on patients with expectéticdlt epidural placement, reported that
ultrasonography reduces the number of needle prextequired for epidural placement™®
They also reported that ultrasonography may imprarealgesia quality and parturient

satisfaction. The study by Chin et al, demonstgathat ultrasonography reduced the number of
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needle puncture for spinal anesthesia in orthopgditents with difficult surface anatomy
landmarks, supports this vielf. The possibility to plan interventions in order agoid DEP
highlights the importance of routinely and carefuitlentifying risk factors during the pre-
anesthetic assessment performed during pregnaray aimission to the maternity unit.

The choice of the risk group that should benetitrfran intervention to avoid DEP should
take into account the predicted risk of difficyttigdural. In our study, this risk was less than 10%
in the low-risk group (score 0), more than 25%he tntermediate-risk group (score 1-2) and
more than 60% in the high-risk group (score 3-4).this basis, we suggest that interventions
should be proposed to the high-risk group and waoldgcern 22% of the whole population we
studied. A score greater than 3 that defines tigl-hisk group corresponds to a patient with
difficult interspinous space palpation and spinaamality, or with difficult interspinous space
palpation and inability to flex the back, or withet 3 risk factors. This suggestion should be
confirmed by an impact study to determine whethggdting interventions to the high-risk group
is better than usual care in decreasing the frapuehDEP and its related complicatiofs®* In
our opinion, the impact study should investigate Iienefit of ultrasonography in the high-risk
group (i.e. score 3-4). Anyway, the decision cuofethe 3 risk groups defined by the score
suggests that the benefit of using this strategylevbe superior to the one of not using it.
Limitations of the study

The definition of DEP used in this study was basada parameter (i.e. the number of
skin punctures) that was objective, easily quaatile and that did not involve observer
interpretation. It may not reflect the subjectivdéinical experience of senior obstetric
anesthesiologists of difficult epidural placeméfbwever, no universally accepted definition of

DEP is available at the present time and our démiis in line with the one used in previous
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studies®® 1% Moreover, a significantly higher dural puncturequency was observed in patients
with DEP suggesting that, in addition to the techhidifficulty for the anesthesiologist, this
definition corresponded to a poorer outcome forpgheturient.

The study could have been designed as a blinded witle an operator performing
epidural placement and an independent observerdiagpthe data. However, the 24 h / 7 d
nature of obstetric anesthesia practice and ofemptstiinclusion made the availability of an
independent observer a practical issue.

Conclusion

In conclusion, we have confirmed risk factors fa&®during labor and proposed a score

predicting DEP. The score identifies high-risk pats that may benefit from an intervention to

decrease DEP. This hypothesis should be evaluataa impact study.
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Table 1: Patient characteristics, frequency and risk facfor difficult epidural placement in the whole pdgtion, in the training and in the

validation sets.

Whole population Training set Validation set

(n=330) (n=165) (n=165)
Age (years) 31+6 31+6 306
Parity 1.8+1.1 1.8+1.2 1.7+1.0
Cervical dilation at the time of epidural (cm) 4+2 442 442
Epidural space depth (cm) 5+1 5+1 5+1
Difficult epidural placement 98 (30%) 53 (32%) 45 (27%)
Difficult interspinous space palpation 124 (38%) 74 (45%) 50 (30%)
BMI at term (kg/m?) 27.7+¥4.3 28.0+4.6 274+ 4.0
Spine abnormality 102 (31%) 57 (34%) 45 (27%)
Inability to flex the back 62 (19%) 33 (20%) 29 (18%)
Experience < 100 placements 215 (65%) 111 (67%) 104 (63%)

Results are expressed as mean + one standardidievaahumber of patients (%). BMI: body mass index




Table 2: Univariate analysis, multivariate analysis andngoifor the presence of risk factors for difficefpidural placement (DEP) in the

training set.

Univariate analysis

Multivariate analysis

No DEP DEP OR p value OR p value | Regression Points
(n=112) | (n=53) (95% ClI) (95% ClI) coefficients| for the score (*)
Difficult interspinous 33 (29%)| 41 (77%)| 8.2 (3.9-18.1) < 0.0001| 6.1 (2.8-13.9) < 0.0001 1.81 2
space palpation
BMI at term (kg/m2) 27.3+4.6] 29.5+4.3] 1.1 (1.0-1.2)| 0.0018 - - - -
Spine abnormality 27 (24%)| 30 (57%)| 4.1 (2.1-8.3)| <0.0001| 2.4 (1.1-5.3)] 0.03 0.87 1
Inability to flex the back 13 (12%)| 20 (38%)| 4.6 (2.1-10.5) 0.0003 | 3.0 (1.2-7.8)| 0.02 1.11 1
Experience < 100 placement] 78 (70%)| 33 (63%)| 0.7 (0.4-1.4)| 0.37 - - - -

Results are presented as mean (x 1 SD) or numlpatiehts (%). OR: odds ratio, 95%CI: 95% confidemterval and BMI: body mass index.

(*) Logistic regression coefficient for each risdctor was rounded to the nearest integer.
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Figure 1: Study flowchart.
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Figure 2: Assessment of the calibration of the score in tdaging and validation sets:
predicted probabilities and observed probabilitieth 95% confidence interval of difficult
epidural placement according to the 3 risk grougfndd by the score. n refers to the number

of patients in each risk group.
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Figure 3: Decision curves illustrating the relationship betw net benefit of an intervention based of thisk3groups defined by the score and
threshold probability for intervention in the traig (left panel) and validation (right panel) sétke threshold probability for intervention is the
probability of difficult epidural placement at whi@n anesthesiologist would use an interventioh siscdumbar spine ultrasonography to avoid
this event. When the net benefit of the “interventaccording to risk groups” is superior to the petefit of the two extreme strategies, the

decision to intervene should be guided by theBgrsups defined by the score rather than by testaesiologist’s personal judgment.
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