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Introduction
Lumbar puncture (LP) is a common procedure to collect 
cerebrospinal fluid (CSF).1 CSF analysis allows diagnosis 
of some life threating conditions such as central nervous 
system (CNS) infections and subarachnoid hemorrhage. 
It also plays a role in the treatment of benign intracranial 
hypertention.2,3 We assume LP as an easy procedure, 
however sometimes it’s difficult.4 Several attempts may 
be needed to perform a successful LP, which can cause 
trauma and incorrect results (especially in subarachnoid 
hemorrhage assessment). Also we may need to consult 
other physicians that can leads to a delay in diagnosis.5,6 
The needle is usually inserted between L3-L4 or L4-L5 
intervertebral spaces. The patients should be in supine or 
lateral decubitus positions. We usually find spinal levels 
by palpation with a high success rate. Palpation is operator 

dependent, which leads to more failed attempts especially 
performed by inexpert residents and clinicians.7-9 It 
is also difficult to find spinal levels in the following 
patients: elder, overweight, with a history of orthopedic 
surgeries and those with degenerative changes and 
deformities.10,11 Since 40 years ago, use of ultrasonography 
is becoming more popular in daily practice among 
neurologists and anesthesiologists.12,13 Recently 
researchers use ultrasonography to improve results of 
LP.14,15 This technique gives us information including the 
proper location of needle insertion, angel to approach 
subarachnoid space and depth of needle insertion needed 
to collect CSF. Ultrasound guided LP have become popular 
among emergency physicians for diagnostic evaluations.16 
This study aims to evaluate the role of ultrasonography on 
decreasing the number of attempts, failed punctures, time 
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Abstract
Introduction: The present study was an attempt to evaluate the role of ultrasonography on 
decreasing the number of attempts, failed punctures, time needed to perform the procedure 
and patients’ pain.
Methods: This study is a prospective case-control. Patients were divided in two groups randomly.
A two-dimensional probe was used to localize intervertebral space in the ultrasound guidance 
(US group). In manual palpation (MP group) however, insertion level was determined using the 
standard technique by manual palpation. The number of attempts (needle insertion) required for 
a successful tap and successful/unsuccessful attempts were considered as the primary outcome 
measures.
Results: Male patients with an average age of 44.08 ± 15.83 years accounted for 60% 
(30 individuals) of the population. Success rate was 92% in the US group and 34% in 
the MP group (P < 0.001). It took 79.64 ± 19.91 and 85.4 ± 11.62 minutes to identify the 
proper location in US and MP groups respectively (P = 0.21). In the first attempt, it took 
6.33 ± 0.95 and 6.87 ± 0.7 minutes to collect cerebrospinal fluid (CSF) in US and MP groups 
respectively (P = 0.02). Average time taken to localize the sites in two attempts were 8.28 ± 2.44 
and 13.17 ± 3.32 in US and MP groups respectively (P < 0.001). Average number of attempts 
made in the US and MP groups were 1.08 ± 0.27 and 1.64 ± 0.66 (P < 0.001) respectively.
Conclusion: Ultrasonography has reduced the time needed for locating puncture to collect 
CSF, pain management in patients, determining the number of attempts, and defining the 
risk of traumatic puncture. Moreover, this technique is characterized by a higher success 
rate. Using ultrasonography in obese patients and people with lumbar problems is more 
important.
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needed to perform the procedure and patients’ pain. We 
also assessed our hypothesis separately in obese patients.

Methods
Study design and patients
The present study is designed to characterize a 
prospective and case-control study. The population of 
the study included all patients referring to the emergency 
department (ED) of Imam Reza hospital, Tabriz, Iran 
during March 2013–March 2014. Fifty patients who 
were candidate for LP due to any medial indications 
were enrolled. Our exclusion criteria were as follows: 
age under 18 years old, low consciousness level, having 
contraindications for LP (such as local infections and 
severe vertebral column malformations), history of 
spinal surgery and reluctance to take part in the study. 
Patients were divided into two groups randomly by 
serially opening the numbered envelopes containing a 
group’s name. Envelopes were prepared by an investigator 
who was not participated in the study. In order to find 
landmarks and L4-L5 intervertebral space, the researcher 
used the bedside ultrasound guidance for the first group 
(US group) and manual palpation for the second group 
(MP group).

Another investigator enrolled patients and recorded 
data when notified by a phone call about a patient needed 
LP. All punctures were performed by same experienced 
emergency medicine physicians. 

Technique
All the patients were subjected to standard ED evaluation 
and care. After obtaining a written consent form patient, 
they were assigned to two groups. In US group, a two 
dimensional 7.5 MHz linear array probe (General Electric, 
USA) was applied on the midline lower back at L4-L5 level 
to localize intervertebral space. Tuffier’s line was used to 
determine the height of the landmark’s site. This line is 
actually an imaginary horizontal line that interconnects 
the superior iliac crests. The midline was then identified in 
a transverse plane with the probe. The intervertebral space 
was located by scanning in the longitudinal plane directly 
over the midline. Repetitive pattern of crescent-shaped 
hyper echoic appearance as well as acoustic shadowing, 
as leading characteristics of the dorsal spinous process, 
were used as landmarks to identify the process. Structures 
such as the thecal sac and ligamentum flavum which lied 
in deeper tissues were not visualized. In the next step, a 
surgical pen was used to mark the midpoint between the 
dorsal spinous processes as the ultrasound landmark for 
the intervertebral space. Preprocedural prepping and 
draping was carried out in the usual sterile fashion and 
LP was then applied on the localized site. In the US group, 
real time ultrasound was applied to guide the needle.

In the MP group, insertion level was determined using 
the standard technique by manually palpating the back 
in order to find the spinal level of the palpated iliac crest 

as well as the dorsal spinous processes. Patients were 
then prepped and draped sterilely. Spinal needles (18 to 
22 gauge, and 3.5 inches in long) were used to perform 
lumber puncture. The operator was allowed to choose the 
needle gauge at their own discretion. In case of failure to 
collect CSF, operator was allowed to use LPs at a different 
intervertebral space. In the US group, the operator was 
required to repeatedly apply US at the new intervertebral 
level. In both groups, the operator was free to stop the 
procedure at his/her own discretion in cases of failure.

Outcome measures
Demographic data such as gender, age, body mass 
index (BMI) and some procedural data such as patient’s 
position and intervertebral space used for LP were 
recorded. Primary outcome measures included the 
frequency of attempts (insertions) to ensure a successful 
tap and determine whether each attempt was successful 
or not. Success of an attempt was defined as collection 
of adequate non-traumatic CSF sample (at least 1 mL 
of non– traumatic CSF sample containing up to 500 red 
blood cells per high-power field when it is assured that 
bleedings induced by diagnostic measures won’t find their 
way into the CSF). Failure was defined as not retrieving 
CSF on first insertion. The time taken in each procedure 
including time to determine insertion site in each group 
and time from inserting the needle till obtaining adequate 
the CSF, regardless of the traumatic or non-traumatic LP 
or whether the procedure induces pain (rated using a 10-
cm visual analog scale) were considered as the secondary 
outcomes. We also considered patients with BMI of 30 
or more as obese and compared these patients with non-
obese ones for mentioned outcome measures. 

Data analysis
Data collection was performed during the LP application. 
In the next step, the collected data were introduced into 
a central database. Data associated with continuous 
variables were expressed as mean ± standard deviation 
(SD) for continuous variables and those associated with 
categorical variables were expressed as rate (%). Mann-
Whitney U test and χ2 test were used to compare the 
nonparametric values of both groups and t test was used 
to compare the parametric values of the groups. One-
way analysis of variance (ANOVA) was used to compare 
nonparametric values between more than two groups. P 
values below 0.05 were considered statistically significant. 
All analyses were performed using SPSS 17.0 software for 
Windows.

Results
In a one-year period we analyzed data of fifty patients 
underwent LP including 30 men and 20 women. Each 
study group consisted of 25 patients. The mean age 
was 44.08   ± 15.83 years old. No significant differences 
were observed in both groups in term of age, sex, BMI, 
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positioning of the patients and intervertebral space 
used for puncture. Demographic and puncture related 
characteristics of two groups are shown in Table 1. As you 
see failure and dry tap rates, average time to localize the 
site of insertion to collect CSF at first try and total times 
are much higher in MP group. Besides, average number 
of attempts and VAS pain scale are significantly higher in 
MP group. Procedural success as our primary outcome 
was 92% in US and only 36% in MP group (P < 0.001). 
Average number of needle insertions as the other 
primary outcome was 1.08 ± 0.27 in US and 1.64 ± 0.48 
in MP group (P < 0.001). As our secondary outcomes, 
average total time (overall) was 75.62 ± 8.93 sec in US and 
91.47 ± 7.83 sec in MP group (P < 0.001). Average pain 
scale was 4.64 ± 1.22 cm in US and 6.12 ± 0.66 cm in MP 
group (P < 0.001). We also analyzed patients in subgroups 
and divided them based on their obesity status (Table 2). 
Then, we compared obese and non-obese patients in each 
group. We also compared obese patients of two groups 
as well as non-obese ones (Table 3). By comparing obese 
and non-obese patients in each group, although duration 
and failure rate were generally lower in non-obese ones, 
we found that there is no significant difference between 
these two groups whether LP is performed ultrasound-
guided or conventionally. In contrast, comparing obese 
and non-obese patents in two groups separately showed 
that using ultrasound might have a huge impact on the 
results. Duration and failure rates were significantly lower 
in US patients either in obese or non-obese patients. These 
results somehow leave aside the effects of obesity on failure 
rates and duration; and demonstrate the importance of 
using ultrasound in localizing puncture site and route. 

Discussion
Diagnostic LP, a common procedure in EDs, is usually 
performed conventionally by palpation using surface 
landmarks and imaginary lines.17 Duniec et al showed that 
conventional method is misleading in more than 30% of 
cases. They also found concordance rate of 64% between 
clinical examinations and using ultrasound.18 Failure 
to find the proper site for LP may lead to unwillingness 
of practitioners to perform LP, difficult CSF collection 
and patients’ discomfort and dissatisfaction. Adding 
evidences regards effects of patients’ higher BMI on these 
parameters, and causes vitality of the problem to become 
more concrete. Therefore ultrasound imaging has become 
increasingly popular in emergency settings for diagnostic 
and therapeutic objectives. Moreover, ultrasound-assisted 
procedures are commonly used in many daily practices 
such as ultrasound-guided LP.19,20 Schlotterbeck et al 
investigated the applicability of ultrasound as a means to 
improve epidural and spinal anesthesia in the adults. They 
applied US to detect the appropriate site for insertion of 
anesthetic catheters.21 Several studies have demonstrated 
the feasibility of ultrasound for lumber spine imaging and 
detection of landmarks.22-25

Ultrasound-guided LP has already been addressed in 
the previous studies especially the pediatric ones. Coley 
et al evaluated ultrasound-guided LP in infants and 
neonates. They had an acceptable success rate using this 
modality (15 out of 26).26 As it was mentioned, studies in 
adults are very limited and in some of them no preference 
is reported for ultrasound. Pisupati and colleagues studied 
66 individuals and reported no difference between 
ultrasound imaging and palpation. However, they did 
reported an almost significant difference in subgroup 
analysis of patients with difficult or impossible to palpate 
landmarks.27 Nomura et al reported that there was no 

Table 1. Patients’ characteristics

Factors US group MP group P value

Age, (y) 43.4 ± 15.86 44.7 ± 16.09 0.76

Male (%) 14 (56%) 16 (64%) 0.56

BMI (kg/m2) 26.96 ± 2.68 26.85 ± 1.2 0.86

Obesity (%) 10 (40%) 7 (28%) 0.61

Failure (%) 2 (8%) 16 (64%) < 0.001*

Dry Taps (%) 0 2 (8%) < 0.001*

Picore (%) 1 (4%) 0 0.94

Position
Upright (%) 3 (12%) 22 (88%) 0.23

Recumbent (%) 0 25 (100%)

Vertebral 
interspace

L4-L5 (%) 25 (100%) 0

L5-S1 (%) 23 (92%) 2 (8%) 0.23

Loc. Time (First Try), sec 72.64 ± 11.59 84.2 ± 8.25 < 0.001*

CSF Time (First Try), sec 6.3 ± 0.99 6.87 ± 0.7 0.02*

Total Time (in first try), sec 75.62 ± 8.93 91.47 ± 7.83 < 0.001*

Total Time (overall), sec 81.52 ± 19.74 144.47 ± 40.27 < 0.001*

Needle insertion attempts 1.08 ± 0.27 1.64 ± 0.48 < 0.001*

Pain VAS, cm 4.64 ± 1.22 6.12 ± 0.66 < 0.001*

Data are reported as Mean ± SD or number (%)
BMI = Body Mass Index, CSF = Cerebrospinal Fluid, Loc. Time = 
Localization Time VAS = Visual Analogue Scale
* P is two-sided significant

Table 2. Comparison of Obese and non-obese patients in each group

Obese Non-Obese P value

US group

Failure (%) 2 (20%) 0 0.15

Loc. Time (First Try), sec 75.2 ± 13.38 70.93 ± 10.36 0.37

CSF Time (First Try), sec 6.74 ± 1.16 6 ± 0.76 0.06

Total Time (in first try), sec 78.44 ± 11.23 73.74 ± 6.8 0.2

Total Time (overall), sec 93.19 ± 26.74 73.74 ± 6.8 0.01*

Needle insertion attempts 1.2 ± 0.42 1 0.07

Pain VAS, cm 4.9 ± 1.59 4.46 ± 0.91 0.39

MP Group

Failure (%) 6 (85.7%) 10 (55.6%) 0.35

Loc. Time (First Try), sec 85.83 ± 7.9 80 ± 8.16 0.11

CSF Time (First Try), sec 6.96 ± 0.61 6.64 ± 0.91 0.32

Total Time (in first try), sec 92.79 ± 8.25 88.07 ± 5.82 0.18

Total Time (overall), sec 155.71 ± 33.86 140.1 ± 42.58 0.39

Needle insertion attempts 1.87 ± 0.37 1.55 ± 0.51 0.17

Pain VAS, cm 6.42 ± 0.53 6 ± 0.68 0.15

Data are reported as Mean ± SD or number (%)
CSF = Cerebrospinal Fluid, Loc. Time = Localization Time VAS = Visual 
Analogue Scale
* P is two-sided significant
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significant difference between the traumatic LPs, number 
of attempts, duration of procedure, and patients’ comfort. 
However, they showed that using US could facilitate the 
procedure.28

Our study demonstrates the substantial role of 
ultrasound to find appropriate site of puncture to reduce 
failure and time needed to perform the procedure. Also 
we showed that using this technique would result in less 
pain associated with LP due to fewer numbers of tries to 
collect enough CSF. Interestingly we found out that with 
or without obesity, use of ultrasound will definitely lead to 
more favorable results in terms of duration of localization 
and collecting CSF, success rate, patients’ pain and number 
of attempts. Peterson et al. showed that US guided LP is 
associated with more benefits such as timesaving in ED. 
They reported that emergency physicians can apply US-
guided LP in cases where blind needle insertion based 
on surface landmark guidance is difficult or impossible 
to apply.17 Mofidi et al evaluated and divided 80 patients 
in two groups: ultrasound guided LP group and manual 
palpation LP group. They showed that using ultrasound 
would reduce the pain and duration of the procedure 
especially in patients with higher BMI.29
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