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Abstract
Objective
To quantify physician stress levels when performing lumbar puncture (LP) and explore op-
erator stress effect on patient outcomes.

Methods
This was a cross-sectional, multicenter study. Novices, intermediates, and experts in performing
LP were recruited from 4 departments of neurology and emergency medicine. Stress was
measured before and during performance of the LP using cognitive appraisal (CA), State-Trait
Anxiety Inventory–Short (STAI-S) questionnaire, and the heart rate variability measure
low frequency/high frequency index (LF/HF ratio). Patient-related outcomes were pain,
confidence in the operator, and postdural puncture headache (PDPH).

Results
Forty-six physicians were included in the study: 22 novices, 12 intermediates, and 12 experts.
Novices had the highest stress level and experts the lowest measured by cognitive appraisal and
STAI-S before and during LP performance (p < 0.001 for all comparisons). Novices had the
highest sympathetic tonus indicated by the highest LF/HF ratio before (p = 0.004) and during
(p = 0.056) LP performance. Physician stress level was not significantly related to patients’ pain.
However, there was a significant relationship between STAI-S during the procedure and patient
confidence in the operator (regression coefficient = −0.034, p = 0.008). High physician heart
rate during the procedure significantly increased the odds of PDPH (odds ratio = 1.17,
p = 0.036).

Conclusion
Novice stress levels were high before and during performance of LP. Stress was significantly
related to patient confidence in the operator and risk of PDPH. Simulation-based training
should be considered to reduce novice residents’ stress levels and increase patient safety.
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Performing an invasive procedure on a patient can be
a stressful experience for the resident, but evidence is lacking
on the consequences thereof. Within neurology, a particular
subject for this stress might pertain to residents’ first perfor-
mance of the lumbar puncture (LP).

According to the cognitive activation theory of stress, the
stress sensation arises when the requirements exceed the
resources for performing a given task.1 For the LP procedure,
a stress sensation among novice residents might arise because
the LP is a complex procedure2 with both technical and
nontechnical aspects, combined with residents’ uncertainties
for procedural performance3 and fear of doing harm.4

The consequences of being in a state of acute mental stress are
reduced working memory, decreased psychomotor perfor-
mance,5 and impaired performance.6 These negative effects of
acute stress might therefore compromise patient safety.7

However, for nonsurgical invasive procedures such as the LP,
there is a lack of evidence regarding measurements of acute
mental stress across operators’ experience levels and how
stress might influence the performance and patient-related
outcomes. Residents’ stress levels and the effect on procedural
performance and patient safety should be explored deeper as
novices are more prone to the negative effects of stress.7

Hence, the aims of this study were to explore acute mental
stress levels across operator LP experience levels and the re-
lation between operator stress and patient outcomes.

Methods
This was a cross-sectional, multicenter study and reported
according to the STROBE (Strengthening the Reporting of
Observational Studies in Epidemiology) guidelines.8

Based on expert agreement, we defined 3 groups of experience
levels in LP performance: (1) novices, (2) intermediates, and
(3) experts. Inclusion criteria for each of the groups were as
follows: (1) medical doctor or medical student; no previous
LP experience. (2) Medical doctor or medical student; per-
forming LP regularly; having an LP experience of 10 to 80
procedures. (3) Consultant, performing LP regularly; super-
vising junior LP operators; having 100 or more LP experi-
ences. Physicians with experience in the gaps between these
groups were not included. We recruited participants from 3
departments of neurology and one emergency department in
Denmark. The recruitment period was December 2016 to
June 2017.

We followed the recommendations to combine stress-level
measurements exploring both the subjective (cognitive and
emotional) stress sensation and the physiologic response.7

Cognitive appraisal (CA) is a predictor of stress response
under high acuity conditions with significant correlation to
cortisol responses.9 According to CA theory, an individual
facing a threatening situation first assesses the demands for
handling the situation (primary appraisal). The primary ap-
praisal will be influenced by related experience and personal
expectations to the outcome of the situation.1 Subsequently,
the individual determines the resources available for the sit-
uation (secondary appraisal).9 Primary appraisal was exam-
ined by asking the participants: “How demanding do you feel
the upcoming LP to be?” Secondary appraisal was examined
by asking: “How capable are you to handle this LP?” For both
questions, the participants rated their answers on an anchored
6-point Likert scale. A CA was calculated as a ratio of primary
vs secondary appraisal. If the perceived resources exceeded
the demands, the CA ratio would be <1 and classified as
a challenge. If the demands equaled or outweighed the
resources, the CA ratio would be ≥1 and classified as
a threat.10

The instrument State-Trait Anxiety Intervention–Short
(STAI-S) was selected as another indicator of subjective
stress. The STAI-S has been used and recommended for
assessing emotional response during performance of a medi-
cal procedure.7,11,12

STAI-S includes 6 items (e.g., “I am tense”), each rated on
a 4-point anchored Likert scale.13 Minimum score was 6 and
maximum score was 24, indicating great anxiety.

Heart rate variability (HRV) is a recording of the participant’s
R-R interval of an ECG. This interval is highly correlated to
the nervous system and reflects sympathetic or para-
sympathetic contributions to cardiac rhythm modulation.14,15

For the HRV recordings, we used a Faros 180° sensor (Mega
Electronics Ltd., Kuopio, Finland). The sensor was set to 500-
Hz continuous recordings. We used the software Kubios HRV
version 2.216 (Biosignal Analysis andMedical Group, Kuopio,
Finland) for the HRV analysis. We extracted the HRV time-
domain parameter of heart rate (HR) and, for frequency
analysis, the low frequency/high frequency (LF/HF) ratio
reflecting the global sympathico-vagal balance.17 In accor-
dance with contemporary recommendations, we chose short-
term recordings of 5 minutes.17

Glossary
ANOVA = analysis of variance;CA = cognitive appraisal;CI = confidence interval;HR = heart rate;HRV = heart rate variability;
LF/HF = low frequency/high frequency; LP = lumbar puncture; PDPH = postdural puncture headache; STAI-S = State-Trait
Anxiety Inventory–Short.
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Stress was measured at 2 predefined time points: (1) pre-
performance, 5 minutes before performance (CA, STAI-S,
and HRV); and (2) during procedure; STAI-S was obtained
when the participant asked for the needle. HRVwas registered
continuously, and the value 5 minutes before obtaining CSF
or abandoning the procedure was used as the “during pro-
cedure” measurement. The following patient outcomes were
recorded during the procedure: number of needle insertions,
CSF successfully obtained, and needle insertion time. After
the procedure, the patients rated their procedure-related pain
and their confidence in the operator on anchored 10-point
Likert scales.

Postdural puncture headache (PDPH) was registered by
telephone interview by M.H. 7 days after the procedure. The
assessment of PDPH followed Lybecker criteria: (1) history
of LP, (2) headache severity compared to previous headaches,
and (3) postural component.18 To avoid bias associated with
knowledge of experience level, all patients with any headache
were discussed with T.W. (expert neurologist), who was
blinded to operator experience level. T.W. had the final de-
cision of PDPH classification.

Study setting
The LP procedures were performed at the outpatient clinic at
all 3 departments of neurology. The participants performed the
procedure as part of ordinary clinical practice using local
equipment. To avoid bias, M.H. was the assistant for all oper-
ators during all procedures in this study. When the LP was
performed by a novice, a supervisor was on-site. Patient in-
clusion criteria were as follows: referred for an LP; Glasgow
Coma Scale score of 15; proficiency in the Danish language;
age between 18 and 80 years; understanding of study impli-
cations and cooperation without a need for personal assistance;
and written and orally informed consent provided. Exclusion
criteria included LP on suspicion of dementia diagnosis, cog-
nitive impairment assessed by the study investigator or local
doctor, and physical disability requiring personal assistance.

Physicians completed the pre-procedure stress measures
without knowledge of the patient’s body habitus, sex, or un-
derlying medical history. To avoid bias of the HRV meas-
urements caused by differences in movement between the
pre-performance and during procedure HRV recording, the
operators performed minor physical tasks, such as operating
their computer in a sitting position, to ensure movements at
a level equal to the needle insertion. During the performance,
physicians were shown the STAI-S questions on a sheet of
paper, answered the study investigator using only numbers,
and were blinded to patient identity.

Standard protocol approvals, registrations,
and patient consents
The local ethics committee of Capital Region Denmark ruled
that approval was not required for this study (protocol
16040848). The study was reported on clinicaltrials.gov
(identifier: NCT03192423). All participants—both physicians

and patients—were informed verbally and in writing of the
study’s purpose and that it was voluntary and entirely anon-
ymous. All participants completed written informed consent.

Statistics
Previous similar studies using stress measures identified
meaningful differences with sample sizes of 10 to 18
participants,11,19,20 and hence, we aimed to include more than
10 in the expert and intermediate groups and more than 20 in
the novice group.

We determined possible differences in patient characteristics
by groups using analysis of variance (ANOVA) for age and χ2

test for sex and premedication. For analysis of the stress
measurements, we log-transformed the LF/HF ratio data as
these were nonnormally distributed (LnLF/HF ratio). We
compared data across all 3 groups using ANOVA. Post hoc
tests using Bonferroni adjustments explored differences be-
tween the individual groups. Because age was a confounder
for the HRV analysis, we performed a post hoc independent
t test to examine differences in HRV data between the in-
termediate and novice groups. For analysis of changes in HR
between pre-performance and during performance, we used
paired t test individually for all 3 groups.

Bias analyses were conducted using ANOVA to examine
possible differences in distribution between groups for
patient-related factors,21–23 including needle size, number of
needle insertions, patient body mass index, volume of CSF,
and positioning. Kruskal-Wallis test was used for exploring
needle insertion time across all groups as this variable was
nonnormally distributed.

We conducted multiple regression analyses of physician stress
variables predicting patient confidence in the operator as
a dependent variable. We performed a 3 × 2 contingency table
of the 3 experience levels, whether the procedure had failed
(yes or no), and used the Spearman correlation test to explore
whether the distribution was significantly different from
chance.

We used multiple logistic regression to examine the effect of
physician stress on the binary outcome of patients’ risk of
developing PDPH. To facilitate interpretation, odds ratios
were used to report the regression results by exponentiating
the coefficient from the logistic regression. This analysis was
done across all 3 groups and within the novice group as PDPH
only appeared among patients in this group. For all regression
analyses, we checked for possible multicollinearity among the
independent variables.

Results
Forty-six physicians were included, representing 22 in the
novice group, 12 in the intermediate group, and 12 in the
expert group, performing one procedure each, resulting in 46
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procedures for analysis. Baseline characteristics and missing
variables of the participating physicians and patients are pre-
sented in table 1. Participants in the intermediate and expert
groups reported performing 10 to 20 LPs annually.

A limited number of patients were excluded or refused par-
ticipation, primarily because of suspicion of Alzheimer dis-
ease; these patients had their LP performed by an operator
outside this study.

Stress measurements
The CA scores were 1.27 (SD 0.45), 0.68 (SD 0.33), and 0.39
(SD 0.22) for novices, intermediates, and experts, respectively
(p < 0.001). Post hoc analysis showed significant differences
between novices and intermediates (p < 0.001) and novices
and experts (p < 0.001) but not between intermediates and
experts (p = 0.210).

The pre-performance STAI-S scores were 12.6 points (SD
2.24), 10.5 points (SD2.7), and 7.6 points (SD2.1) for novices,
intermediates, and experts, respectively (p < 0.001). The post
hoc analysis showed significant differences between novices
and experts (p < 0.001) and intermediates and experts (p =
0.022) but not between novices and intermediates (p = 0.052).

The STAI-S scores during performance were 13.2 (SD 2.75),
10.9 (SD 2.5), and 7.58 (SD 2.1) for novices, intermediates, and
experts, respectively (p < 0.001). The post hoc analysis showed
significant differences between novices and intermediates,

novices and experts, and intermediates and experts (p = 0.047,
p < 0.001, and p = 0.012, respectively).

For HR, we found no differences between the 3 groups pre-
performance (p = 0.440), but there was a significant difference
during the procedure (p = 0.034). Post hoc tests demonstrated
a significant difference between experts and intermediates (p =
0.029) but not between experts and novices (p = 0.24) or
between novices and intermediates (p = 0.48). The HR in-
creased significantly from pre-performance to during perfor-
mance for both the intermediate and novice groups (p < 0.001
for both groups) but not the expert group (p = 0.08).

For pre-performance LnHF/LF ratio, we found a significant
difference between the 3 groups (p = 0.004). The in-
termediate group had the lowest sympathetic level, and post
hoc tests demonstrated a significant difference compared to
the novices (p = 0.014) and experts (p = 0.012). There was no
significant difference between the groups in LnHF/LF ratio
during the procedure (p = 0.058). Table 2 presents details of
the physician stress measurements.

Patient-related outcomes
No patients received additional LPs in the time from study
participation to the telephone interview. There was no dif-
ference between the 3 groups regarding the volumes of tapped
CSF (p = 0.486) or number of needle insertions (p = 0.609).
Novices used significantly more time than intermediate and
expert operators (p = 0.028).

Table 1 Baseline characteristics of physicians and patients

Expert group Intermediate group Novice group p Value

Physician characteristics

No. 12 12 22

Age, y 48.3 (7.5)a 29.4 (3.7) 28.3 (4.3)b

Range 37–65 26–39 25–40

Sex, M/F 11/1 2/10 8/14

No. of LPs performed 383 (376) 41.4 (26.2)

Patient characteristics

Missing data within groups 5c 0 1d

Age, y 56.8 (16.1) 50.5 (12.9) 46.4 (12.4) 0.12

Sex, M/F 4/8 7/5 13/8 0.91

BMI 24.4 (3) 26.4 (3.2) 26.6 (6.0) 0.53

Premedication with analgesia, yes/no 4/8 1/11 7/14 0.25

Abbreviations: BMI = body mass index; LnLF/HF = natural logarithm low frequency/high frequency; LP = lumbar puncture.
Data are count or mean (SD). Patient characteristics: one-way analysis of variance was used to compare for differences between the groups. Pearson χ2 test
was used for distribution of sex and premedication.
a Analysis of variance test was used to compare differences in age between all 3 groups (p < 0.001).
b Post hoc test of difference in age between intermediate and novice groups by independent sample t test (p = 0.48).
c Data on heart rate and LnLF/HF ratio are missing for 5 expert physicians.
d Data on premedication missing for one patient.
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Failure to obtain CSF was experienced by 9 operators in the
novice group, 2 in the intermediate group, and 1 in the expert
group (p = 0.027). There were no differences in patient pain
scores between the 3 groups (p = 0.70). Local anesthesia was
used by 77% in the novice group, 66% in the intermediate
group, and 33% in the expert group, which was a significant
difference (p = 0.038).

The scores for patient confidence in the operator were 7.24 (SD
2.7), 8.75 (SD2.4), and 9.25 (SD1.1) for novices, intermediates,
and experts, respectively (p = 0.043). The post hoc analysis did
not identify significant differences between 2 individual groups.
Table 3 presents a description of the patient outcomes.

There was a significant relationship between physician stress
and patient confidence. For every unit increase in STAI-S
during-procedure score, patient confidence decreased by 0.34
units (p = 0.008). Operator HR and LnLF/HF ratio did not
have a significant relationship with patient confidence using
the same multiple regression model (p = 0.889 and p = 0.839,
respectively).

Eight patients developed PDPH; all procedures were per-
formed by an operator from the novice group (p = 0.004).
The procedure was completed by the novice operator in 4
patients, and a supervisor performed additional needle
insertions to obtain CSF in the remaining patients. Using

Table 2 Stress measurements in physicians

Stress measurements Expert group Intermediate group Novice group p Value

Pre-performance

Cognitive appraisal 0.39 (0.22)a 0.68 (0.33) 1.27 (0.45)c <0.001

STAI-S 7.58 (2.1)a 10.5 (2.71)b 12.59 (2.24) <0.001

Heart rate 76.9 (14.4) 85.9 (14.3) 83.5 (14.9)c 0.440

LnLF/HF ratio 1.69 (0.89) 0.54 (0.59)b 1.16 (0.7)c 0.004

During performance

STAI-S 7.58 (1.51)a 10.91 (2.51)b 13.18 (2.75)c <0.001

Heart rate 80.2 (13.8) 99.0 (15.4)b 91.5 (14.2) 0.034

LnLF/HF ratio 1.70 (0.74) 1.08 (0.55) 1.45 (0.51) 0.058

Abbreviations: LnLF/HF = natural logarithm low frequency/high frequency; STAI-S = State-Trait Anxiety Inventory–Short.
Data are mean (SD). Comparison of stress measures in physicians across the 3 groups.
a Significant difference between expert group and novice group.
b Significant difference between expert group and intermediate group.
c Significant difference between intermediate group and novice group.

Table 3 Patient-related lumbar puncture outcomes across operator experience levels

Expert group (n = 12) Intermediate group (n = 12) Novice group (n = 22) p Value

Tapped volume of CSF, mL 4.9 (2.0) 6.2 (3.7) 5.8 (1.8) 0.49

No. of needle insertions by operator 1.42 (1.0) 1.25 (0.45) 1.18 (0.50) 0.61

Range 1–4 1–2 0–2

Total no. of needle insertions 1.42 (1.0) 1.42 (0.7) 1.68 (0.95) 0.61

Range 1–4 1–3 1–4

Needle insertion time, min 02:29 (03:40) 02:23 (02:17) 03:55 (02:33) 0.028

Range 00:17–13:00 00:21–06:56 00:59–09:39

No. of failed procedures 1 2 9 0.027

No. of operators applying local anesthetic 4 8 17 0.038

Patient-experienced pain intensity 3.58 (2.39) 4.50 (2.61) 3.95 (2.89) 0.704

Patient confidence in operator 9.25 (1.14) 8.75 (2.4) 7.24 (2.7) 0.043

Data are count or mean (SD). Total number of needle insertions includes both initial operator and called-in supervisor. Patient-experienced pain and patient
confidence were rated on 10-point Likert scales.
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logistic regression across all groups, we found that for each
unit increase in CA, the odds of developing PDPH was 5.06
greater (95% confidence interval [CI] 1.06–24.19, p = 0.042).
For each unit increase in pre-performance STAI-S, the odds of
developing PDPHwas 1.56 (95% CI 1.08–2.25) times greater
(p = 0.017). Analysis within the novice group demonstrated
that increased operator HR during performance significantly
increased the odds of patients developing PDPH (p = 0.036)
(odds ratio = 1.17, 95% CI 1.01–1.36).

Discussion
This study contributes to the literature by exploring the sig-
nificance of stress to clinical outcomes and not only simulated
performance outcomes.19We found that novice operators had
a significantly higher subjective and physiologic stress level, in
particular before performance, compared to intermediate and
expert operators. Novices’ HR during the procedure was an
independent risk factor for their patients developing PDPH.

CA ratio in novices exceeded 1, indicating that they appraised
their first LP performance as threat level.10 This finding aligns
with the significantly higher STAI-S score both pre-
performance and during performance, reflecting that novices
hold an affective response to performing LP. We further
identified that novices were dominated by higher sympathetic
tonus pre-performance indicated by the significantly higher
LnLF/HF ratio compared to the intermediates. Of note, the
post hoc analysis additionally identified that intermediates had
a lower LnLF/HF ratio compared to experts. This might be
explained by the differences between the expert group and the
other groups in age and ratio of male/female participants.24

Stress measurements in expert operators were stable from
pre-performance to during performance. By contrast, novice
and intermediate operators experienced increased stress levels
during performance. In essence, the results indicate that
novice LP operators are highly susceptible to subjective and
physiologic stress responses. Pre-performance stress in novi-
ces may be attributable to uncertainty about the procedure
and a lack of competence,3,25,26 combined with a fear of
causing patient harm.4 According to the cognitive activation
theory of stress, such situations could easily give rise to a stress
response1 that could explain residents’ tendency to avoid
performing the procedure.27 Furthermore, the results indicate
that intermediate performers also experience a considerable
increase in stress during the procedure, which could be at-
tributed to the absence of a supervisor.

The clinical consequences of physicians experiencing a stress
state are not well explored. Nonetheless, a stress state impairs
psychomotor performance,5,11 decision-making,28,29 com-
munication,29 and retrieval of declarative memory.30 Fur-
thermore, physicians with a high CA for complex situations
will perform with significantly impaired nontechnical perfor-
mance.19 This is undesirable for the LP procedure because it

requires the operator to integrate nontechnical aspects related
to patient communication.31 This might explain our finding of
reduced confidence in the operator across all experience levels
correlated to the operator’s STAI-S score during the pro-
cedure. This relation was unaffected by operator age.

There was a significant increased risk for the patient to de-
velop PDPH if the operator had an increased pre-
performance CA or STAI-S. However, in our study, only
patients whose procedure was performed by a novice operator
developed PDPH, which limits the ability to conduct across
experience level statistical analyses of correlations between
stress and PDPH. Nonetheless, when adjusting for experience
level, novice operators with increased HR during the perfor-
mance significantly increased patient risk of PDPH. Because
we adjusted for patient characteristics and other previously
identified risk factors for PDPH, we believe that this finding
reflects another potential risk factor for the riddle of PDPH.
The results of this study demonstrating that physician stress
reduces patient safety and confidence warrant more aware-
ness of the mental stress of residents performing invasive
procedures. In particular, further research on strategies to
reduce physician stress level should be considered in an effort
to optimize patient confidence and safety. Studies have not
indicated any potential beneficial effect of experiencing
a stress state before performing a technical procedure. In
contrast, evidence suggests that negative emotions, such as
stress and anxiety, impair processing of information in a way
that would hinder optimal performance.32

Previous studies have identified that novices and even more
experienced residents improve their performance and de-
crease their anxiety by simulation-based training.25,28 How-
ever, the effects of simulation-based training on stress and
performance in the clinical setting remain to be demonstrated
for the LP procedure.

There are some limitations to this study. We were unable to
obtain data on patient indications for LP and preceding use of
anxiolytics. Nonetheless, the inclusion criteria ensured that
patients were homogeneous in clinical condition and ap-
pearance. Our criteria for the groups were based on expert
consensus. Participants in the intermediate group were in-
dependent operators, reflecting a level of competence but
they were not expert operators. Therefore, we believe the
criterion reflects the intention of our aim, but this is a subject
for future studies.

We did not use an objective assessment of the LP perfor-
mance. Future studies should investigate correlation of stress
levels to objective performance scores, including patient
outcomes.7 Also, the expert group differed from the other
groups in age andmale/female ratio. This limits the possibility
of drawing conclusions regarding the LnLF/HF differences
across experience levels. Unfortunately, for practical reasons,
it was not possible to obtain a resting measurement of HRV,
which may have contributed to elucidation of possible
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differences between the groups in an unstressed state. An-
other limitation is the omission of cortisol level measurement
to explore the hypothalamic-pituitary-adrenal axis. Salivary
samples were not feasible in our setup.

This study identified that novice LP operators hold a high
stress level, in particular before their performance on their first
patient. Novices have a higher rate of failing the procedure,
and patients of notably stressed novices have a higher in-
cidence of experiencing PDPH.

To optimize patient safety, these findings warrant more re-
search in effective training strategies to increase operator
competence before performing LP procedures on patients.
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