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Lumbar epidural analgesia is frequently employed to 
provide pain relief for women during labor. Anesthesia 
providers use various methods to identify the epidural 
space. Some providers use air, some use fluid, and 
others use a combination of air and fluid during the 
loss of resistance technique. Loss of resistance to air 
has been speculated to result in a lesser quality of 
analgesia compared with loss of resistance to only 
fluid. A search strategy focusing on preappraised 
sources was used to locate evidence from interven-
tional and observational studies.

Four evidence sources were located, including 
a systematic review with meta-analysis of 4 older 
studies. The evidence reviewed was inconclusive in 

determining whether a difference in analgesia quality 
results from the use of air or fluid during the loss of 
resistance technique. Future studies should include 
an adequate number of subjects and address other 
problems such as operator experience, observer blind-
ing, equivalence of subject characteristics, outcomes 
definition and measurement, and composition of epi-
dural solution. Providers should consider other factors 
when selecting loss of resistance medium, such as the 
reported complications of large amounts of air injected 
into the epidural space and surrounding structures.
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E
pidural analgesia for the parturient provides 
excellent analgesia with minimal depressant 
effects for the mother and fetus.1 The common 
method of identifying the epidural space is 
the loss of resistance (LOR) technique. “Loss 

of resistance” refers to the abrupt drop in resistance to 
the pressure placed (usually by the anesthesia provider’s 
thumb) on the plunger of the syringe attached to the epi-
dural needle when the tip of the needle enters the epidural 
space. The syringe usually contains air only, fluid only 
(sterile saline or local anesthetic), or a fluid/air mixture. 
The contents of the syringe vary according to provider 
training, experience, and personal preference.2

A survey of practice in the United Kingdom reported 
that most anesthesia providers use saline only; however, 
a substantial number of providers continue to use air 
only.3 Published case reports suggest that air injected 
into the epidural space may be associated with the delay 
in the onset of epidural analgesia and may interfere with 
the spread and quality of analgesia.2 This evidenced-
based article examines the evidence from a systematic 
review and clinical trials of the quality of epidural an-
algesia related to the medium in the LOR technique in 
obstetric anesthesia.

History and Review of the Literature
• History. One of the authors (CLS) is a Certified 
Registered Nurse Anesthetist (CRNA) practicing in a 

100-bed community hospital in rural Louisiana. The 
hospital has 2 obstetricians attending approximately 60 
vaginal deliveries per month. Approximately 90% of 
parturients receive lumbar epidural analgesia. Providers 
use air only or fluid only when locating the epidural 
space. The obstetric nurses provided anecdotal evidence 
suggesting that epidural catheters inserted when the epi-
dural space was identified using the air-only technique 
provided poorer analgesia of a shorter duration compared 
with a fluid-only technique. The providers agreed that a 
review might yield evidence that would lead to a change 
in practice and improve care.

• Search Strategy. The patient, intervention, com-
parison, and outcome (PICO) format is extensively used 
in evidence-based practice to guide the search for the 
current best evidence to address a problem.4 The PICO 
question guiding the literature search was “For women 
in active labor experiencing pain due to uterine contrac-
tions and cervical dilation (patient), does identification 
of the epidural space using air only (intervention), fluid 
only (comparison), or a combination of air and fluid in 
the same syringe (comparison) affect the quality of pain 
relief with epidural analgesia (outcome)?”

The search for evidence was conducted using PubMed 
(1966-2011), EMBASE (1974-2011), and The Cochrane 
Database of Systematic Reviews (1960-2011). Evidence 
was restricted to full text systematic reviews with or 
without meta-analysis and clinical studies from peer-
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reviewed English-language journals that compared air, 
fluid, or the combination of air and fluid in the same 
syringe for LOR. Specific terms searched, alone and in 
combination, were labor, obstetric, epidural, loss of re-
sistance, air and/or saline. Evidence sources examining 
quality of analgesia related to epidural analgesia with 
combined spinal-epidural techniques were excluded. 

Reference lists of retrieved articles were searched for 
articles concerning epidural insertion techniques and 
quality of epidural anesthesia or analgesia. PubMed’s 
“related links” section was scrutinized for additional rel-
evant articles and systematic reviews. To take advantage 
of higher level evidence, the authors did not separately 

appraise studies that were included in systematic reviews. 
• Critical Appraisal of the Literature. The search re-

vealed 4 evidence sources5-8 (Table 1), and all subjects 
were parturients. A protocol for a planned Cochrane 
Review9 was located that will examine the effect of 
LOR medium on epidural analgesia, but no completed 
Cochrane Reviews were located. No evidence sources 
examined the use of air and fluid together in the syringe 
used for the LOR. As stated earlier, studies included in 
the published systematic reviews were not reviewed sepa-
rately because the systematic review with meta-analysis 
overcomes some of the problems of individual studies 
and is considered a stronger evidence source.10 The evi-

Table 1.  Summary of Evidence Examining the Medium Used in the Loss of Resistance Technique When Locating 
the Epidural Space and Resulting Quality of Analgesia or Anesthesia 
Abbreviations: LOR, loss of resistance; RD, risk difference; RCT, randomized controlled trial.
a From Melynk and Fineout-Overholt11: Level I indicates systematic reviews with or without a meta-analysis; level II, well-designed 
randomized controlled trials; level III, well-designed controlled trials without randomization; level IV, well-designed case-control and 
cohort studies; level V, systematic review of descriptive and qualitative studies; level VI, single descriptive or qualitative study; and level 
VII, opinion of authorities and/or reports of expert committees.
b These investigators reported this was a statistically significant difference, but others8 indicated that a reanalysis of the data suggested 
this was not a statistically significant difference.
c Pearson χ2 reported to be statistically significant (P = .035), but Yates continuity correction was needed because some cells had < 5 values.
d Difference may have been due to change in composition of epidural tray.

Evidence Evidence type 
source  and levela Outcome Comments

Norman et al5 
(2006)

Agaram et al6 
(2009)

Schier et al7 
(2009)

Segal and  
Arendt8 (2010)

RCT; level II

Prospective observational 
study; level VI

Systematic review 
with meta-analysis of 4 
RCTs; level I

Retrospective 
effectiveness study; 
level VI

No statistically significant difference 
in onset and quality of pain relief
More segmental blocks in air-only 
group (air = 4/25, saline 2/25)b

Difference in adequate analgesia 
not significant 
Continuity corrected P value = 
.072c

No statistically significant 
difference in incidence of partial 
block (combined RD = −0.08, 95% 
CI = −0.18 to +0.03)

No difference in unsatisfactory 
block (P = .48), initial comfort  
(P = 1.0), asymmetric initial block 
(P = .86)

Subject random allocation concealed, subject blinded 
unless she requested to know LOR medium
No blinding of operator or observer
Likely underpowered
Not all patients received full 3 mL of air or saline
Epidural catheters inserted at different stages of labor

Number of subjects determined based on the planned 
statistical test, no randomization
No blinding of subject, operator, or observer
> 90% of operators used LOR to saline
Number of operators not specified
Data collection methods not detailed
Limited external validity

Rigorous methodology
Included only studies of at least moderate quality
Substantial amount of heterogeneity across the 4 
studies (I 2 = 74%)

Data from two 1-month periods (July 2006 and 
August 2007)
Sample size determined with an a priori power 
analysis, but a posthoc power analysis suggested 
study may have been slightly underpowered
Operators used preferred LOR medium
No randomization or blinding
Data collection methods not detailed
Use of LOR to air dramatically different between data 
collection periods (2006: 82.9% of subjects; 2007: 
28.7% of subjects)d

Limited external validity
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dence was appraised by the method proposed by Melnyk 
and Fineout-Overholt.11 For example, systematic reviews 
were assessed for factors, including the description of a 
search strategy, description of the evaluation of the in-
cluded studies, and determination of the treatment effect.

The systematic review with meta-analysis7 included 
4 studies,12-15 2 from the United Kingdom,12,13 and 1 
each from the United States14 and Israel15 using rigor-
ous methodology. The 4 studies are described in Table 2 
with information from the systematic review with meta- 
analysis. One study15 accounted for about 50% of the 
subjects and was weighted the highest in the statistical 
evaluation of the data from the 4 studies. The search 
strategy as well as appraisal and scoring methods were 
described in detail, and only moderate-quality12-14 and 
high-quality15 studies were included. Risk difference was 
calculated to indicate the treatment effect. 

The randomized controlled trial (RCT),5 prospective 
observational study,6 and retrospective effectiveness study8 
are further described in Table 3. In the RCT, parturients 
in 1 US military medical center were randomly assigned to 
LOR to air only or saline only using a concealed method.5 
A power analysis was not performed before starting the 
study. The sample size was assessed post hoc and sug-
gested that the study was underpowered. The operator and 
observer were not blinded to the technique; however, the 
subject was blinded unless she desired to know the LOR 
medium. The investigators examined the psychometric 
properties of the measurement instrument. This study was 
excluded from the systematic review with meta-analysis7 
because a local anesthetic test dose was injected through 
the epidural needle before catheter insertion. 

The prospective observational study6 was from a 
Canadian medical center and collected data from a 
sample of consecutive parturients. The study examined 

factors associated with inadequate labor analgesia. The 
sample size was determined based on the planned sta-
tistical test. There was no blinding of the operator or 
observer, and subject blinding was not mentioned. Data 
collection methods were not described in detail. There 
was a tremendous difference in the use of LOR medium, 
with 11 times more operators using fluid only for LOR 
compared with air only.

Segal and Arendt8 reported the findings of a retro-
spective observational study conducted at a US medical 
center. Data were collected during two 1-month periods: 
July 2006 and August 2007. The data collection periods 
were selected to exclude epidural catheters inserted 
by clinical anesthesiology first-year residents and to 
minimize the probability that a resident or fellow was 
on the obstetric service during both study periods. A 
power analysis was performed before the study to help 
determine the required number of subjects; however, a 
posthoc power analysis revealed the study may have been 
slightly underpowered. The operator and observer were 
not blinded, and there was no mention of subject blind-
ing. The use of air only for LOR was drastically reduced 
in the 2007 study period (28.7% of subjects) compared 
with the 2006 study period (82.9% of subjects). This 
reduction may have been due to the addition of saline to 
the epidural trays in 2007. Before 2007, the operator had 
to add the saline to the epidural tray.

Discussion
The evidence reviewed suggested that there is no conclu-
sive difference between LOR to air only or fluid only in 
the quality of analgesia resulting from the epidural ad-
ministration of local anesthetics with or without opioids 
to parturients (see Table 1). 

The systematic review with meta-analysis7 was the 

Table 2.  Summary of Studies Examining Loss of Resistance (LOR) Medium and Analgesia Included in Systematic 
Review With Meta-analysis7
a Risk difference < 0 favored fluid-only LOR medium; > 0, favored air-only LOR medium.

     Risk 
 No. of Description Study Definition of differencea Study 
Study parturients of labor end point partial block  (95% CI) quality

Sarna et al12 67 Not reported Incidence of Not reported +0.03 Moderate 

(1990)   unblocked  (−0.08 to +0.01)  
   dermatomes

Valentine et  50 Early labor Incidence of Dermatomal segments  −0.24 Moderate 
al13   unblocked  sensitive to pinprick while  (−0.45 to −0.03) 
(1991)   dermatomes adjacent segments above  
    and below are pain free

Beilin et al14 160 In labor,  Incidence of Complete failed block: no −0.17 Moderate 
(2000)  contractions complete or areas of sensory block (−0.31 to −0.03) 
  more than  incompletely Incomplete block: missed 
  once per 5 min failed block segments of analgesia

Evron et al15 365 In labor,  Incidence of Not specified −0.03 High 
(2004)  cervical dilation  unblocked  (−0.08 to +0.10) 
  3.5-4 cm dermatomes
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highest level of evidence meeting the inclusion/exclu-
sion criteria. This systematic review, with 638 parturi-
ent subjects, was rigorously conducted, including only 
moderate- and high-quality studies. The combined risk 
difference for partial block was −0.08. A risk difference 
of less than 0 favored a fluid-only medium. However, 
the 95% confidence interval was −0.18 to +0.03. This 
suggests there is a 95% probability that the risk differ-
ence for a partial block for a member of the parturient 
population is between −0.18 and +0.03. Since the upper 

confidence interval value (+0.03) is greater than 0, there 
is a slight probability the risk difference for a member of 
the parturient population may favor air only. The authors 
concluded there were insufficient data in the 4 studies to 
evaluate the effect of the LOR medium on the quality of 
analgesia. These results may have been due to the large 
amount of heterogeneity across the 4 studies.16

Results of the RCT suggested that the onset and 
quality of analgesia was no different between the air-
only and saline-only groups.5 No power analysis was 

Table 3.  Summary of Studies Examining Loss of Resistance Medium and Analgesia Not Included in Systematic 
Review With Meta-analysis
Abbreviations: LOR, loss of resistance; VPS, verbal pain scale; CA 2, clinical anesthesia year 2; IV, intravenous.
a LOR to air or fluid groups approximately even except where noted.
b LOR to air: 8.1% of operators, LOR to saline: 91.9% of operators and number of parturients receiving LOR to air or saline not reported.
c Volumes < 12 mL and ≥ 12 mL not found to be significant in predicting inadequate analgesia.
d Overall, LOR to air or fluid groups were even in size but had a large difference in use of air during 2006 and 2007 collection periods: 
82.9% and 28.7% of subjects (P < .001), respectively. This difference may have been due to change in composition of epidural trays.
e Epidural catheters also were connected to patient-controlled analgesia pump delivering 0.125% bupivacaine with fentanyl (2 µg/mL), 
6-mL demand dose, and 15-min lockout period. Amounts delivered to subjects before or during data collection were not reported.

  Operator 
 No. of experience and Initial local 
 parturientsa amount of air anesthetic 
 and or saline injected volume 
Evidence description during loss injected into Assessment of 
source of labor of resistance epidural space analgesia

Norman et al5 
(2006)

Agaram et al6 
(2009)

Segal and Arendt7 
(2010)

Student registered 
nurse anesthetists and 
anesthesiology residents 
experienced in inserting ≥ 
50 epidural blocks 

1 mL-3 mL

Obstetric anesthesiologist: 
61.5% of subjects
Trainee: 38.5% of 
subjects (experience level 
not found to be significant 
in predicting inadequate 
analgesia)

Amount not specified

Anesthesiology residents 
(≥ CA 2) and fellows

Amount not specified

Total 10-15 mL (5 mL of 1.5% 
lidocaine with epinephrine 
1:200,000, 5-10 mL of 0.25% 
bupivacaine )

Most common combinations: 
20 mL of 0.08% bupivacaine 
with fentanyl 40 µg or 12-15 
mL of 0.125% bupivacainec

Total 23 mL (3 mL of 
2% lidocaine 1.5% with 
epinephrine 1:200,000, 20 mL 
of 0.125% bupivacaine with 
fentanyl 2 µg/mL)e

Onset of analgesia: Visual 
Analogue Sensation and 
Distress of Pain Scale and 
dermatome level to cold 
sensation at 5-min intervals 
up to 15 min after epidural 
injection

Quality of pain relief: same as 
onset of analgesia up to 30 min 
after epidural injection

Segmental blocks: dermatome 
level difference up to 30 min 
after epidural injection and 
qualitative assessment of 
analgesia

Inadequate analgesia if VPS 
score (0-100 mm) ≥ 10 mm 
measured 30 min after epidural 
injection, additional local 
anesthetic injected in the first 
30 min after insertion

Absence of initial comfort 
after epidural injection 
measured within 60 min 
after epidural injection, initial 
block asymmetry (inadequate 
analgesia, difference in pinprick 
sensation ≥ 3 dermatomes, IV 
catheter, intrathecal catheter, 
catheter replacement)

50; Cervical 
dilation 4.5-5 cm

260b; Specifics of 
labor not described

929d; Specifics of 
labor not described



www.aana.com/aanajournalonline AANA Journal  February 2013  Vol. 81, No. 1 27

done before the study, and posthoc analysis suggested 
the study was underpowered to assess the impact on 
quality of analgesia, a major shortcoming of the inves-
tigation. This study benefited from randomization and 
allocation concealment; however, there was no blinding 
of the operator or observer. These investigators reported 
a statistically significant difference in the incidence of 
segmental blocks between the air-only and saline-only 
groups. Reanalysis by others8 indicated there was no 
difference. This difference in segmental blocks (4/25 in 
air-only group, 2/25 in saline-only group) must be taken 
into consideration when examining this study, including 
the report that subjects in the saline-only group with 
segmental blocks had more “hotspots” compared with 
those in the air-only group with segmental blocks. No 
subject with segmental blocks requested replacement of 
the epidural catheter. 

The prospective observational study6 provided lower 
quality evidence. It is not clear whether the LOR had an 
effect on analgesia quality. The authors reported a statisti-
cally significant difference in adequate analgesia (Pearson 
χ2, P = .035). However, the investigators commented that 
there were less than the needed 5 values per cell, so the 
use of the Yates continuity correction was indicated, re-
sulting in a value that was not significant (P = .072). As 
this value is only slightly greater than the value set to be 
statistically significant (P < .05), these findings cannot be 
ignored. The sample size was determined based on the 
planned statistical tests, but this study is of lower quality 
because of no blinding, a potential bias imposed by the 
operators and observers, and limited external validity.

The retrospective effectiveness study8 is another lower 
quality observational study. These investigators reported 
there was no difference between using air or fluid for 
LOR in terms of unsatisfactory block, initial comfort, or 
asymmetric initial block. The incidence of these findings 
was very similar between air-only and fluid-only groups 
and was not likely clinically significant. For instance, 41 
of 323 subjects had an unsatisfactory block in the air-
only group compared with 30 of 371 in the saline group. 
Sample size was determined using a power analysis, but 
posthoc analysis suggested the study might have been 
underpowered. Data were collected during 1-month 
intervals separated by a year. The use of air as the LOR 
medium dropped dramatically in the second data col-
lection period, presumably because saline was added to 
the epidural tray. It is not known what effect history or 
the interaction between factors such as training, LOR 
medium, and patient characteristics had on the study 
results. If the operator used his or her preferred medium 
(no reason given for not using the preferred medium), 
there were statistically fewer insertion attempts, pares-
thesias, and unintentional dural punctures. The results 
of this study are applicable to that facility and those op-
erators but must be cautiously applied to other settings.

• Shortcomings of Evidence. These evidence sources 
possessed a number of weaknesses, and these results 
must be cautiously interpreted. There were only 2 higher 
level evidence sources.5,7 There was a substantial amount 
of heterogeneity across the studies in the systematic 
review with meta-analysis.7 More than 50% of the sub-
jects in the current review were part of lower level obser-
vational studies.6,8

Three12-14 of the 4 studies included in the system-
atic review with meta-analysis were of moderate quality, 
suggesting they suffered from a number of weakness-
es. Problems with the RCT,5 prospective observational 
study,6 and retrospective observational study8 include 
the following:

• Small Sample Sizes. The RCT5 and the retrospective 
observational study8 were likely underpowered. Large 
sample sizes are required to detect the expected differ-
ence between groups when studying a low-incidence 
phenomenon.17

• Amount of LOR Medium. The amount of LOR medium 
(air or fluid) varied5 or was not reported.6-8

• Composition and Volume of Local Anesthetic Solution. 
There were differences among the studies regarding the 
use of a test dose, local anesthetic type, concentration, 
and volume.

• Experience of Operators. Operators in the reviewed 
evidence included both anesthesia trainees and experi-
enced providers. Surprisingly, the results of the prospec-
tive observational study suggested that level of experi-
ence did not predict inadequate analgesia.6

• Standardized Definitions and Measurement of 
Outcomes. There was little standardization of the defini-
tion of analgesia quality and measurement of analgesia. 
Measurement methods also were hampered by the overall 
lack of observer blinding and the variation in data collec-
tion. Furthermore, only one evidence source5 examined 
psychometric properties of the measurement instrument.

• Characteristics of Subjects. Subjects’ characteristics 
were not consistently reported and likely were not equiv-
alent, including the stage in labor.

Future research should address these shortcomings. 
Probably the most important factor is sample size. 
Because inadequate analgesia resulting from the epidural 
injection of local anesthetic in the parturient is a rela-
tively low-incidence event, future studies should include 
an adequate number of subjects to detect the expected 
difference in analgesia during LOR between air-only and 
saline-only groups.17 The studies included in this review 
can provide results regarding the expected difference 
in analgesia between groups and can be used in power 
analyses for future studies. The epidural local anesthesia 
solution composition and volume should be standard-
ized in future studies. The definition and measurement 
of outcomes should also be uniform, and measurement 
instruments should be assessed for psychometric proper-
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ties. Although it is impractical to blind the operator, the 
subject and observer should be blinded to LOR medium. 

• Complications of Using Only Air for LOR. Providers 
should consider the results of this review but also 
consider other reasons for selecting an LOR medium. 
Complications attributed to using air for LOR come 
primarily from lower level case reports. These complica-
tions include pneumocephalus and headaches in patients 
receiving epidural anesthesia.18 These headaches resulted 
from accidental dural puncture during epidural place-
ment using air for the LOR technique. The pneumoceph-
alus was confirmed radiologically in 12 of the 13 cases. 
In the 1970s to the 1990s there were 9 published case 
reports of subcutaneous emphysema as a result of LOR 
technique using air.18 A common factor in these cases 
was multiple insertion attempts, using up to 20 mL of air 
before the epidural space was identified. Some authors 
have proposed that there is less risk of placing the epi-
dural catheter into a blood vessel if 10 mL of saline is 
used for LOR,19 but others have disputed these findings.7 
One reason proposed to use air with the LOR technique is 
that accidental dural puncture is more easily recognized 
compared with using fluid.18

Conclusion
The evidence appraised for this review did not conclu-
sively demonstrate that the LOR medium has an effect on 
the quality of analgesia for the parturient. In 35-7 of the 4 
evidence sources, the difference in analgesia quality ap-
proached statistical significance but was not significant. 
The difference in analgesia quality was not statistically 
significant in the fourth evidence source.8 There were 
a number of methodologic problems with the evidence 
sources, which should be addressed in future investiga-
tions. When selecting LOR medium, providers should 
carefully consider the results of this review and other 
factors, including personal preference8 and potential for 
complications due to excessive air injected into the epi-
dural and surrounding spaces.18

REFERENCES 
 1. Santos AC, O’Gorman DA, Finster M. Obstetric anesthesia. In: Barash 

PG, Cullen BF, Stoelting RK, eds. Clinical Anesthesia. 4th ed. Philadel-
phia, PA: Lippincott Williams & Wilkins; 2001:1141-1170.

 2. Norman D. Epidural analgesia using loss of resistance with air versus 
saline: Does it make a difference? Should we reevaluate our practice? 
AANA J. 2003;71(6):449-453.

 3. Wantman A, Hancox N, Howell PR. Techniques for identifying the 
epidural space: a survey of practice amongst anaesthetists in the UK. 
Anaesthesia. 2006;61(4):370-375.

 4. McKibbon A, Wyer P, Jaeschke R, Hunt D. Finding the evidence. 
In: Guyatt G, Rennie D, Meade M, Cook D, eds. Users’ Guides to the 
Medical Literature: A Manual for Evidence-Based Clinical Practice. 2nd 
ed. New York, NY: McGraw-Hill; 2008:29-64.

 5. Norman D, Winkelman C, Hanrahan E, Hood R, Nance B. Labor epi-
dural anesthetics comparing loss of resistance with air versus saline: 
does the choice matter? AANA J. 2006;74(4):301-308.

 6. Agaram R, Douglas MJ, McTaggart RA, Gunka V. Inadequate pain 

relief with labor epidurals: a multivariate analysis of associated fac-
tors. Int J Obstet Anesth. 2009;18(1):10-14.

 7. Schier R, Guerra D, Aguilar J, et al. Epidural space identification: a 
meta-analysis of complications after air versus liquid as the medium 
for loss of resistance. Anesth Analg. 2009;109(6):2012-2021.

 8. Segal S, Arendt KW. A retrospective effectiveness study of loss of 
resistance to air or saline for identification of the epidural space. 
Anesth Analg. 2010;110(2):558-563.

 9. Antibas PL, El Dib RP, Bassi A, Fausto de Morais J. Air versus saline 
in the loss of resistance technique for the identification of the epi-
dural space. Cochrane Database Systematic Rev. 2011, Issue 1. http://
summaries.cochrane.org/CD008938/air-versus-saline-in-the-loss-
of-resistance-technique-for-the-identification-of-the-epidural-space. 
Accessed December 20, 2011.

10. Guyatt G, Furukawa TA. Advanced topics in the validity of therapy 
trials: an illustration of bias and random error. In: Guyatt G, Rennie 
D, Meade M, Cook D, eds. Users’ Guides to the Medical Literature: A 
Manual for Evidence-Based Clinical Practice. 2nd ed. New York, NY: 
McGraw-Hill; 2008:109-112.

11. Melnyk BM, Fineout-Overholt E. Making the case for evidenced-
based practice and cultivating a spirit of inquiry. In: Melnyk BM, 
Fineout-Overholt E. Evidence-Based Practice in Nursing and Health 
Care: A Guide to Best Practice. 2nd ed. Philadelphia, PA: Lippincott 
Williams & Wilkins; 2011:3-24.

12. Sarna MC, Smith I, James JM. Paraesthesia with lumbar epidural cath-
eters: a comparison of air and saline in a loss-of-resistance technique. 
Anaesthesia. 1990;45(12):1077-1079.

13. Valentine SJ, Jarvis AP, Shutt LE. Comparative study of the effects of 
air or saline to identify the extradural space. Br J Anaesth. 1991;66(2): 
224-227.

14. Beilin Y, Arnold I, Telfeyan C, Bernstein HH, Hossain S. Quality of 
analgesia when air versus saline is used for identification of the epidural 
space in the parturient. Reg Anesth Pain Med. 2000;25(6):596-599.

15. Evron S, Sessler D, Sadan O, Boaz M, Glezerman M, Ezri T. Identifica-
tion of the epidural space: loss of resistance with air, lidocaine, or the 
combination of air and lidocaine. Anesth Analg. 2004;99(1):245-250.

16. Montori V, Hatala R, Ioannidis J, Meade MO, Wyer P, Guyatt G. 
Advanced topics in systematic reviews: making sense of variability in 
study results. In: Guyatt G, Rennie D, Meade M, Cook D, eds. Users’ 
Guides to the Medical Literature: A Manual for Evidence-Based Clinical 
Practice. 2nd ed. New York, NY: McGraw-Hill; 2008:563-570.

17. Riffenburgh RH. Statistics in Medicine. 2nd ed. New York: Elsevier; 2006.

18. Saberski LR, Kondamuri S, Osinubi OY. Identification of the epidural 
space: Is loss of resistance to air a safe technique? A review of the 
complications related to the use of air. Reg Anesth. 1997;22(1):3-15.

 19. Gadalla F, Lee SH, Choi KC Fong J, Gomillion MC, Leighton BL. 
Injecting saline through the epidural needle decreases the IV epidural 
catheter placement rate during combined spinal-epidural labour anal-
gesia. Can J Anaesth. 2003;50(4):382-385.

AUTHORS
Curtis L. Sanford II, CRNA, DNAP, is the chief nurse anesthetist at Aca-
dian Medical Center in Eunice, Louisiana. The author was a student in 
the Doctorate of Nurse Anesthesia Practice program at Texas Wesleyan 
University in Fort Worth, Texas, at the time this article was written. Email: 
curtislsanford@rocketmail.com.

Ricardo E. Rodriguez, PhD, is the McCann Professor of Chemistry 
and the associate director of the Doctorate of Nurse Anesthesia Practice 
program at Texas Wesleyan University. Email: rrodriguez@txwes.edu.

James Schmidt, PhD, is professor of biology, Texas Wesleyan Univer-
sity, Graduate Programs of Nurse Anesthesia. Email: jschmidt@txwes.edu.

Paul N. Austin, CRNA, PhD, is an associate professor, Doctorate of 
Nurse Anesthesia Practice program at Texas Wesleyan University. Email: 
paustin@txwes.edu.

ACKNOWLEDGMENT
The authors would like to thank David Norman, CRNA, DNP, for his 
valuable input.


