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Editor’s key points

† The authors review the
literature regarding the
use of ultrasound to
estimate gastric volume
and, thus, aspiration risk.

† Suggestions for clinical
usage are provided.

Pulmonary aspiration of gastric content is a serious anaesthetic complication that can lead to
significant morbidity and mortality. Aspiration risk assessment is usually based on fasting
times. However, fasting guidelines do not apply to urgent or emergent situations and to patients
with certain co-morbidities. Gastric content and volume assessment is a new point-of-care
ultrasound application that can help determine aspiration risk. This systematic review summarizes
the current literature on bedside ultrasound assessment of gastric content and volume relevant
to anaesthesia practice. Seventeen articles were identified using predetermined criteria. Studies
were classified into those describing the sonographic characteristics of different types of gastric
content (empty, clear fluid, solid), and those describing methods for quantitative assessment of
gastric volume. A possible algorithm for the clinical application of this new tool is proposed, and
areas that require further research are highlighted.

Keywords: antrum; gastric content; pulmonary aspiration; ultrasound

Perioperative aspiration of gastric contents is a rare but serious
complication of anaesthesia. The overall incidence in a mixed
surgical population ranges between ,0.1% and 19% depend-
ing on patient and surgical factors and it has not changed in the
last few decades.1 – 5 Aspiration pneumonia is associated with
significant morbidity, including prolonged mechanical ventila-
tion,6 and carries a risk of mortality as great as 5%. Pulmonary
aspiration is involved in up to 9% of all anaesthesia-related
deaths.7 8 One of the main risk factors for aspiration is the pres-
ence of gastric content. The critical volume threshold of gastric
fluid that by itself increases aspiration risk is controversial, but
healthy, fasted patients frequently have residual gastric volumes
(GVs) of up to 1.5 ml kg21 without significant aspiration risk.9–13

Sedation and general anaesthesia depress or impede the phy-
siological mechanisms that protect against aspiration (the
tone of the lower oesophageal sphincter and upper airway
reflexes).14 15 Since restriction of fluid and food intake before
general anaesthesia is vital for patient safety, anaesthesiology
societies have developed guidelines for preoperative fasting.16 17

For example, current guidelines by the ASA recommend a
minimum of 2 h of fasting for clear fluids, 6 h after a light
meal (toast and clear fluids), and 8 h after a full meal with
high calorie or fat content.17 However, these guidelines apply
only to healthy patients for elective surgery and are not reliable
in patients with coexisting diseases that affect gastric empty-
ing or volume, patients in whom airway management might be
difficult or in emergency situations.17 This systematic review
summarizes the current state of knowledge on the use of

bedside ultrasound to evaluate gastric content and volume
as they relate to aspiration risk assessment from the perspec-
tive of the clinical anaesthesiologist.

Methods

The recommendations and checklist of the PRISMA statement
(Preferred Reporting Items for Systematic Reviews and
Meta-Analysis) were followed to conduct and report this
review.18

TheNational LibraryofMedicine’sPubMed, OVIDMedline, and
EMBASE databases were searched since their date of inception
to February 2013 using the following Medical Subject Headings:
gastric ultrasonography or gastric ultrasound or gastric sonog-
raphy and stomach or antrum were used. The search was
restricted to English language articles and human subjects.
Two independent reviewers read all citations. Prospective or
retrospective experimental studies of portable 2D ultrasonog-
raphy on human subjects, case series, or observational studies
were selected for inclusion if they addressed one or two of the
following questions: (i) Can ultrasound determine the nature of
gastric content (empty, clear fluid, or thick fluid/solid)?, (ii) Can
ultrasound estimate the volume of gastric fluid?, or both. Com-
mentaries, abstracts, letters to the editor, case reports, editor-
ials, and meeting proceedings were excluded. Discrepancies
were settled by discussion and consensus. Selected articles
underwent full-text review and references were screened for
further articles not identified by the searches.

British Journal of Anaesthesia 113 (1): 12–22 (2014)
Advance Access publication 3 June 2014 . doi:10.1093/bja/aeu151

& The Author [2014]. Published by Oxford University Press on behalf of the British Journal of Anaesthesia. All rights reserved.
For Permissions, please email: journals.permissions@oup.com
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EL UMBRAL CRÍTICO DE VOLUMEN GÁSTRICO QUE 
AUMENTARÍA EL RIESGO DE ASPIR ACIÓN ES 
CONTROVERTIDO, AUNQUE EN PACIENTES ADULTOS, 
SANOS Y EN AYUNAS SE CONSIDERA QUE 1,5 ML/KG NO 
ENTRAÑA RIESGO SIGNIFICATIVO. 

LA RESTRICCIÓN DE LÍQUIDOS Y SÓLIDOS ANTES DE LA 
ANESTESIA GENERAL ES VITAL PARA LA SEGURIDAD 
DE NUESTROS PACIENTES. SE HAN DESARROLLADO 
GUÍAS PARA EL MANEJO DEL AYUNO PREOPERATORIO. 

ESTAS GUÍAS SE APLICAN BÁSICAMENTE EN 
PACIENTES SANOS Y EN CIA. ELECTIVA; NO SE TIENE EN 
CUENTA ENFERMEDADES COEXISTENTES QUE AFECTEN 
AL VACIAMIENTO GÁSTRICO, SITUACIONES DE VÍA 
AÉREA DIFÍCIL O SITUACIONES DE EMERGENCIA VITAL. 
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inferior vena cava, and the superior mesenteric vein as
internal landmarks. The two vessels are usually visual-
ized slightly to the right of the abdominal midline. Once
these vessels were identified, the transducer was rotated
slightly clockwise or counterclockwise to best obtain a
true cross-sectional view of the antrum (the smallest
possible cross-sectional view). The anteroposterior and
craniocaudal diameters were measured in this view.

The gastric body was imaged by angling the transducer
towards the left subcostal area (fig. 1 b). Depending on
the shape of the stomach, the images were obtained
with the transducer in a sagittal-oblique plane in some
subjects and a more transverse (axial oblique) plane in
other subjects. The craniocaudal and anteroposterior
diameters were measured.

For the fundal views, a left lateral intercostal, trans-
splenic approach was used (fig. 1c). The transducer was
angled to capture the view medial and superior to the
splenic hilar vessels. Anteroposterior and lateromedial
diameters were measured.

Both qualitative and quantitative information was ob-
tained from each gastric area during each session. All
study subjects completed all study assessments.

For the quantitative component of the study, CSA of
the antrum, body, and fundus (a two-dimensional sec-
tion) was calculated according to the formula previously
used by Bolondi,4 using two maximum perpendicular
diameters. This formula essentially represents the sur-
face area of an ellipse, as follows: CSA ! (AP " CC "
!)/4, where AP is the anteroposterior diameter and CC is
the craniocaudal diameter.

Phase II Study: Development of a Quantitative Model
On the basis of the pilot study findings, we narrowed

our focus on the gastric antrum, which seemed to be the
most reliable portion of the stomach to image and mea-

sure. We hypothesized that there is a numerical correla-
tion between antral CSA and gastric content volume. In
the Phase II study, 36 healthy subjects were recruited
after obtaining University Health Network Research Eth-
ics Board (Toronto, Ontario, Canada) approval and in-
formed consent. Similar inclusion and exclusion criteria
as in Phase I were applied. The subjects were randomly
assigned to ingest one of six different volumes of water
(0 mL, 100 mL, 200 mL, 300 mL, 400 mL, and 500 mL)
after a period of overnight fast (a minimum of 8 h) for
liquids and solids. Randomization was done according to
a computer-generated list of random numbers. Each sub-
ject was randomized twice on two different days, for a
total of 72 separate sessions and data sets.

A certified sonographer who was blinded to the in-
gested volume scanned the gastric antrum at each ses-
sion after a standardized protocol as described for phase
I. Only the antral views and measurements were ob-
tained. Subjects were scanned 3 min after ingesting the
assigned volume, first supine, followed by the right lat-
eral decubitus position immediately thereafter.

Statistical Analysis and Sample Size Calculation
On the basis of the pilot study results, to replicate a

correlation of r ! 0.86 with a significant F test (at P " 0.05)
and a power of 90% and allowing for greater expected
variability from performing independent measures of dif-
ferent volumes in different individuals, we estimated that a
sample size of 36 subjects would be needed. To increase
the predictive accuracy of the model, we randomized each
subject to two different volumes for a total of 72 data sets
(two data sets per subject).

Demographics (age, gender, weight, height, and body
mass index) were investigated with descriptive analysis.
They were summarized by using median and interquartile
range values for continuous and frequency and percentage

Fig. 1. Transducer position to scan the gas-
tric (A) antrum, (B) body, and (C) fundus.

83ULTRASOUND ASSESSMENT OF GASTRIC VOLUME

Anesthesiology, V 111, No 1, Jul 2009
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anterior wall is consistently identified, extending from the lesser
to the greater curvature.23 However, the presence of air in the
body frequently obscures the posterior wall, and it may be
more difficult to image a full cross-section of the gastric body.

Gastric fundus The fundus is located in the left upper quadrant
of the abdomen, inferior to the diaphragm, anterior to the left
kidney, and posterior to the spleen. It is the most challenging
section of the stomach to image due to its deep location and the
lack of a wide acoustic window due to the rib cage. Two
different approaches have been described. A left lateral,
intercostal, trans-splenic approach has been reported with
limited success.23 25 Alternatively, a longitudinal scan in the
mid-axillary line has been used.26 Air is commonly found in
both the fundus and the body, even in ‘empty’ stomachs,
which hinders visualization of these two sections.19 23

Sonographic evaluation of gastric content

An early study of gastric ultrasound in the anaesthesia litera-
ture differentiated between liquid and solid gastric contents.20

In this patient series, the stomach could only be identified in
60% of patients and could not be located when empty.
However, more recent studies using contemporary technology
report consistent success in identifying the stomach, especially
the gastric antrum, even in the empty state.23 – 25 27 30 In the
empty stomach, the antrum appears flat with juxtaposed an-
terior and posterior walls (Fig. 2). In a sagittal plane, it is
round to ovoid and has been compared with a ‘target’ or
‘bull’s eye’ pattern (Table 2).23 28 In an axial scanning plane,
the empty antrum has a ‘gloved finger’ appearance.25

Baseline gastric secretions, water, apple juice, black coffee,
and tea appear hypoechoic or anechoic.23 – 24 28 With increas-
ing volume, the antrum becomes round and distended, with
thin walls (Fig. 3). Air or gas bubbles appear as multiple
mobile punctuate echoes, giving the appearance of a ‘starry
night’.23 Milk, thick fluids, or suspensions have increased echo-
genicity.28 After a solid meal, a ‘frosted-glass’ pattern has been
described caused by substantial amount of air mixed with the
food bolus during the chewing and swallowing processes.
The air/solid mixture creates multiple ring-down artifacts on
the anterior gastric wall, which typically ‘blur’ the posterior
wall of the antrum.23 28 After some time, the air is displaced
and the solid content can be better appreciated with a mixed
echogenicity (Fig. 4, Table 2).23 28 After oral intake of any

type, peristaltic gastric contractions occur. They are noted
easily on ultrasound and can be lumen occlusive or
non-occlusive.32

Fig 2 Sonographic image of the gastric antrum of an empty
stomach. Note the antrum appears small, with no visible content.
The muscularis propia is seen distinctly as a thick hypoechoic
layer of the gastric wall. A, antrum; L, liver; P, pancreas; Ao, aorta.

Fig 3 Sonographic image of the gastric antrum containing clear
fluid. Note the antrum appears distended with hypoechoic/an-
echoic content. A, antrum; L, liver; P, Pancreas; Ao, Aorta; SMA,
supeior mesenteric artery.

Table 2 Sonographic presentation of the antrum and contents

Empty Clear fluid Milk or
suspensions

Solid

Antral
shape

Flat, collapsed, or round (bull’s eye) Round, distended Round, distended Round, distended

Antral wall Thick, prominent muscularis propriae Thin Thin Thin

Content None (grade 0) or small amount of
hypoechoic content (grade 1)

Hypoechoic Hyperechoic Hyperechoic
Heterogeneous (mixed with air)

Peristalsis None Present (usually fast waves) Present Present (usually slow waves)

Ultrasound assessment of gastric content and volume BJA
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VACÍO LIQUIDO 
CLARO

LECHE O 
SUSPENSIÓN SÓLIDO

FORMA
LISO, COLAPSADO 
O EN ANILLO (OJO 

DE TORORO)
ANILLO, 

DISTENDIDO
ANILLO, 

DISTENDIDO
ANILLO, 

DISTENDIDO

PARED DELGADA.
MUSC. PROMINENTE DELGADA DELGADA DELGADA

CONTENIDO
NINGUNO (GRADO 0)
PEQUEÑA CANTIDAD 
HIPOECÓICA (GRADO I)

HIPOECÓICO HIPERECÓICO HIPERECÓICO
HETEROGÉNEO

PERISTALTISMO NO RÁPIDO PRESENTE PRESENTE 
LENTO
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(GRRAS) statement.26 To determine interrater reliability, we
considered reliability with the implicit idea of ‘trustworthiness’
beyond mere agreement alone. In this context, the primary
outcome was analysed through Cohen’s kappa, which repre-
sents the consistency of raters in diagnosing the correct
status of the gastric content. Furthermore, to express the rela-
tive importance of different types of disagreement (e.g. empty

vs solid), we performed a weighted kappa analysis using linear
and quadratic weighting.28 We adopted the classification
by Landis and Koch, in which a test statistic .0.8 indicates
near-perfect agreement, 0.61–0.8 substantial agreement,
0.41–0.61 moderate agreement, 0.21–0.40 fair agreement,
0.00–0.2 slight agreement, and ,0.00 poor agreement.29

The secondary outcomes evaluated the overall proportion
of correct and incorrect diagnosis and also the specific propor-
tions of correct and incorrect diagnosis across the various
gastric content groups. We assessed the effect of the gastric
content groups on the duration of US examinations, which
was determined using a GEE approach (generalized estimating
equations method) accounting for the correlated data.

Furthermore, we compared the odds of a correct diagnosis
among gastric content groups. This analysis was conducted
using multiple logistic regression models with the GEE ap-
proach for correlated data. The covariates included for the
full model were the gastric content group, BMI, weight, and
gestational age. The results (odds of correct diagnosis) were
based on the final model derived by backward procedures.

Our sample size of 32 subjects was calculated consider-
ing four possible categories (empty, clear fluids, solid contents,
inconclusive). According to Cicchetti and Fleiss,30 31 the sample
size (n) when the numberof categories (k) ranges from 3 to 10 is
determined by n¼2k2 (total¼32 subjects). Contrary to Carp
and colleagues,9 who were unable to identify the stomach in
40% of the subjects, our raters were able to visualize the
antrum and to make a diagnosis in all subjects, without the
need of using the inconclusive category. Therefore, the analysis
was still carried out in the entire sample size of 32 subjects but
considering only three categories (empty, clear fluid, solid).

Descriptive statistical methods were used to describe the
study population. The statistical analyses were performed using
SAS 9.2 (SAS Institute, Inc., Cary, NC), R 10.2 (http://www.r-
project.org/) and STATA/IC for Mac, Release 13.0 (StataCorp,
College Station, TX, USA). A significance level of ,0.05 was
used without multiple comparison adjustment.

Results
The study recruitment was conducted from April to June 2012.
The cohort of three anaesthesiologists completed all the
US examinations. The allocation of subjects to the gastric
content groups was ‘empty’ (n¼10), ‘clear fluids’ (n¼10), and
‘solid contents’ (n¼12). The subjects’ characteristics were:
mean age of 32 (range 20–44) years, mean (SD) weight of 91
(18) kg, height of 164 (7) cm, BMI of 34 (6) kg m22, and gesta-
tional age of 35 (1) weeks. There were no significant differences
among subjects’ characteristics across the three gastric
content groups (P-values ≥0.05 for all comparisons).

Primary outcomes
The interrater reliability demonstrated substantial agreement
(kappa statistic of 0.74, bias corrected 95% CI: 0.68–0.84).
Similarly, the reliability between each rater and the other two
raters combined was substantial or near-perfect (rater 1:
0.66; rater 2: 0.83; rater 3: 0.75; P-values ,0.0001). To apply
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Ultrasound assessment of gastric content and volume
P. Van de Putte1 and A. Perlas2,3*
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3 Department of Anaesthesia, University of Toronto, 399 Bathurst St., Toronto, ON, Canada M5 T 2S8
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Editor’s key points

† The authors review the
literature regarding the
use of ultrasound to
estimate gastric volume
and, thus, aspiration risk.

† Suggestions for clinical
usage are provided.

Pulmonary aspiration of gastric content is a serious anaesthetic complication that can lead to
significant morbidity and mortality. Aspiration risk assessment is usually based on fasting
times. However, fasting guidelines do not apply to urgent or emergent situations and to patients
with certain co-morbidities. Gastric content and volume assessment is a new point-of-care
ultrasound application that can help determine aspiration risk. This systematic review summarizes
the current literature on bedside ultrasound assessment of gastric content and volume relevant
to anaesthesia practice. Seventeen articles were identified using predetermined criteria. Studies
were classified into those describing the sonographic characteristics of different types of gastric
content (empty, clear fluid, solid), and those describing methods for quantitative assessment of
gastric volume. A possible algorithm for the clinical application of this new tool is proposed, and
areas that require further research are highlighted.

Keywords: antrum; gastric content; pulmonary aspiration; ultrasound

Perioperative aspiration of gastric contents is a rare but serious
complication of anaesthesia. The overall incidence in a mixed
surgical population ranges between ,0.1% and 19% depend-
ing on patient and surgical factors and it has not changed in the
last few decades.1 – 5 Aspiration pneumonia is associated with
significant morbidity, including prolonged mechanical ventila-
tion,6 and carries a risk of mortality as great as 5%. Pulmonary
aspiration is involved in up to 9% of all anaesthesia-related
deaths.7 8 One of the main risk factors for aspiration is the pres-
ence of gastric content. The critical volume threshold of gastric
fluid that by itself increases aspiration risk is controversial, but
healthy, fasted patients frequently have residual gastric volumes
(GVs) of up to 1.5 ml kg21 without significant aspiration risk.9–13

Sedation and general anaesthesia depress or impede the phy-
siological mechanisms that protect against aspiration (the
tone of the lower oesophageal sphincter and upper airway
reflexes).14 15 Since restriction of fluid and food intake before
general anaesthesia is vital for patient safety, anaesthesiology
societies have developed guidelines for preoperative fasting.16 17

For example, current guidelines by the ASA recommend a
minimum of 2 h of fasting for clear fluids, 6 h after a light
meal (toast and clear fluids), and 8 h after a full meal with
high calorie or fat content.17 However, these guidelines apply
only to healthy patients for elective surgery and are not reliable
in patients with coexisting diseases that affect gastric empty-
ing or volume, patients in whom airway management might be
difficult or in emergency situations.17 This systematic review
summarizes the current state of knowledge on the use of

bedside ultrasound to evaluate gastric content and volume
as they relate to aspiration risk assessment from the perspec-
tive of the clinical anaesthesiologist.

Methods

The recommendations and checklist of the PRISMA statement
(Preferred Reporting Items for Systematic Reviews and
Meta-Analysis) were followed to conduct and report this
review.18

TheNational LibraryofMedicine’sPubMed, OVIDMedline, and
EMBASE databases were searched since their date of inception
to February 2013 using the following Medical Subject Headings:
gastric ultrasonography or gastric ultrasound or gastric sonog-
raphy and stomach or antrum were used. The search was
restricted to English language articles and human subjects.
Two independent reviewers read all citations. Prospective or
retrospective experimental studies of portable 2D ultrasonog-
raphy on human subjects, case series, or observational studies
were selected for inclusion if they addressed one or two of the
following questions: (i) Can ultrasound determine the nature of
gastric content (empty, clear fluid, or thick fluid/solid)?, (ii) Can
ultrasound estimate the volume of gastric fluid?, or both. Com-
mentaries, abstracts, letters to the editor, case reports, editor-
ials, and meeting proceedings were excluded. Discrepancies
were settled by discussion and consensus. Selected articles
underwent full-text review and references were screened for
further articles not identified by the searches.

British Journal of Anaesthesia 113 (1): 12–22 (2014)
Advance Access publication 3 June 2014 . doi:10.1093/bja/aeu151

& The Author [2014]. Published by Oxford University Press on behalf of the British Journal of Anaesthesia. All rights reserved.
For Permissions, please email: journals.permissions@oup.com
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ECO COMO NUEVA HERRAMIENTA DE DIAGNÓSTICO 
NECESITA AÚN SER CARACTERIZADA EN TÉRMINOS DE 
VALIDEZ, FIABILIDAD Y DE INTERPRETACIÓN DE 
RESULTADOS. 

LOS ESTUDIOS REALIZADOS HASTA AHORA EN SU 
MAYORÍA SON SOBRE ADULTOS SANOS.  

INCORPORACIÓN DE ESTA TÉCNICA A NUESTRA 
PRÁCTICA DIARIA Y A NUESTROS ALGORITMOS DE 
MANEJO DE VÍA AÉREA. 

EN GENERAL 
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Ultrasonographic evaluation of gastric content during labour
under epidural analgesia: a prospective cohort study
A. Bataille1*, J. Rousset1, E. Marret1 and F. Bonnet1,2

1 Hôpital Tenon, Hôpitaux universitaires Est Parisien, Service d’Anesthésie-Réanimation, 4, rue de la Chine, 75020 Paris, France
2 UPMC – Université Pierre et Marie Curie - Paris 6, Faculté de médecine, Paris, France

* Corresponding author. E-mail: aurelbataille@gmail.com

Editor’s key points

† Pregnancy and labour are
thought to impair gastric
motility and emptying.

† Ultrasonographic
measurement of antral
cross-sectional area (CSA)
provides an estimate of
gastric volume.

† The authors measured
antral CSA in parturients
requesting epidural
analgesia.

† Serial measurements
indicated that gastric
motility is maintained
during labour under
epidural analgesia.

Background. Women in labour are considered at risk of gastric content aspiration partly
because the stomach remains full before delivery. Ultrasonographic measurement of antral
cross-sectional area (CSA) is a validated method of gastric content assessment. Our aim
was to determine gastric content volume and its changes in parturients during labour under
epidural analgesia using bedside ultrasonography.

Methods. The cut-off value corresponding to an increased gastric content was determined by
ultrasound measurement of antral CSA in six pregnant women in late pregnancy before and
after ingestion of 250 ml of non-clear liquid. Antral CSA was then measured twice in
60 parturients who presented in spontaneous labour: when the anaesthesiologist was
called for epidural analgesia catheter placement, and at full cervical dilatation. Patient-
controlled epidural analgesia was performed with a solution of ropivacaine and sufentanil.

Results. After liquid ingestion, antral CSA (mm2) increased from 90 (range, 80–151) to 409
(range, 317–463). A CSA of 320 was taken as cut-off value. The feasibility rate of antral CSA
determination was 96%. CSA decreased from 319 [Q1 158–Q3 469] to 203 [Q1 123–Q3 261]
during labour (P¼2×1027). CSA was .320 in 50% of parturients at the beginning of labour vs
13% at full cervical dilatation (P¼0.006).

Conclusions. Bedside ultrasonographic antral CSA measurement is feasible in pregnant
women during labour and easy to perform. The observed decrease in antral CSA during
labour suggests that gastric motility is preserved under epidural anaesthesia. The procedure
could be used to assess individual risk of gastric content aspiration during labour.

Keywords: anaesthesia, obstetric; gastrointestinal tract, volume; measurement techniques,
ultrasound

Accepted for publication: 30 August 2013

Since the first description by Mendelson in 1946,1 parturients re-
ceiving general anaesthesia during labourare considered at high
riskof gastric content aspiration. According to the 2005 report on
maternal morbidity and mortality in the UK, ‘the aspiration of
gastric contents remains a clear risk during induction of
general anaesthesia’.2 The hypothesis that pregnancy and
labour impair gastric motility and stomach emptying has,
however, beenchallengedrecently, withguidelines evenencour-
aging fluid intake during labour.3 In view of these uncertainties,
bedside confirmation of an empty stomach during labour would
be useful. Assessment of gastric contents could help select
optimal airway management, if required.

The feasibility of ultrasonographic assessment of gastric con-
tents and volume has been documented in healthy volunteers
and surgical patients.4–7 Standard measurement of antral cross-

sectional area (CSA) has been shown to correlate well with pre-
dicted gastric volume.4 In addition, aspirated fluid volume has
been used to establish antral CSA cut-off values for increased
gastric content.6 An antral CSA of 320 mm2 has been proposed
as the lowest validated value.6 However, ultrasound assessment
of antral CSA in parturients has been performed in two studies
only8 9 (n¼10 for both). The purpose of these studies was to
measure gastric emptying in women during the last term of
pregnancy but not during labour. Ultrasound imaging to identify
stomach contents has been performed in a single study10 in 39
labouring and 34 non-labouring volunteers. It reports the even-
tual presence of solid food in the stomach of parturients, but
without any anatomic or reproducible measurement.

The aim of this prospective cohort study was to confirm the
feasibility of ultrasonographic antral CSA measurement in

British Journal of Anaesthesia 112 (4): 703–7 (2014)
Advance Access publication 8 January 2014 . doi:10.1093/bja/aet435

& The Author [2014]. Published by Oxford University Press on behalf of the British Journal of Anaesthesia. All rights reserved.
For Permissions, please email: journals.permissions@oup.com
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LA MOTILIDAD GÁSTRICA NO SE AFECTA CON EL 
TRABAJO DE PARTO. NO ASÍ EL VACIAMIENTO. 

L A EPIDUR AL NO AFECTA LOS PAR ÁMETR OS 
ANTERIORES. 

DESDE UN PUNTO DE VISTA CUANTITATIVO EL ÁREA DE 
SECCIÓN DEL ANTRO PUEDE SERVIR PARA ESTIMAR EL 
VOLUMEN GÁSTRICO, IGUAL QUE EN LA NO GESTANTE. 
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Interrater reliability of qualitative ultrasound assessment
of gastric content in the third trimester of pregnancy
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Editors’ key points

† This study investigated
the reliability of bedside
gastric ultrasound
performed by
anaesthetists on third
trimester pregnant
women.

† They found a substantial
agreement and
consistency of the
qualitative ultrasound
assessment of gastric
contents.

† These findings are
encouraging for bedside
aspiration riskassessment
during pregnancy. Further
research is warranted.

Background. Pulmonaryaspiration of gastriccontents in pregnant women undergoing general
anaesthesia is one of the most feared complications in obstetric anaesthesia. Bedside gastric
ultrasonography is a feasible imaging tool to assess the gastric content. The purpose of this
study was to investigate the reliability of qualitative bedside assessment of the gastric
content performed by anaesthesiologists on third trimester pregnant women.

Methods. Pregnant women (≥32 weeks gestational age) were randomized to undergo
ultrasound (US) assessments of their stomach in a fasting state (.8 h), or after ingestion of
clear fluids only, or solid food. Three anaesthesiologists trained in gastric ultrasonography
performed the assessments using a low-frequency curved-array US transducer (5–2 MHz).
Primary outcome of the study was the consistency of raters in diagnosing the correct status
of the gastric content, which was used to determine the interrater reliability among the
three anaesthesiologists. Secondary outcomes were overall proportion of correct and
incorrect diagnoses and the specific proportions of correct diagnosis across the three gastric
content groups.

Results. We analysed 32 pregnant women. The interrater reliability displayed a kappa statistic
of 0.74 (bias corrected 95% CI: 0.68–0.84). The overall proportion of correct diagnosis was
87.5% (84 of 96). The odds of correct diagnosis for ‘solid contents’ were 16.7 times the odds
for ‘empty’, and 14.3 times for ‘clear fluid’.

Conclusions. Our results show the consistency of the qualitative US assessment of gastric
contents of pregnant women in the third trimester by anaesthesiologists. A kappa of 0.74
suggests substantial agreement in termsof interrater reliability for this diagnostic measurement.

Clinical trial registration. ClinicalTrials.gov identifier: NCT01564030.

Keywords: complications, aspiration; complications, regurgitation; equipment, ultrasound
machines; gastrointestinal tract, preoperative aspiration; pregnancy

Accepted for publication: 11 May 2014

Pulmonary aspiration of the gastric content in pregnant
women undergoing general anaesthesia is one of the most
feared complications in obstetric anaesthesia.1 – 3 The resulting
respiratory compromise is associated with significant morbid-
ity and mortality,4 – 7 which are thought to depend on the
nature, volume, and acidity of the aspirate.8

Current knowledge suggests that the gastric emptying
process in healthy non-labouring pregnant women is similar
to that of non-pregnant women. However, once labour begins,
gastric emptying is significantly delayed, only returning to

normal function after 18 h postpartum.9 –14 There are many
urgent situations in obstetrics when the status of the gastric
content becomes key information for clinical management
and decision-making. In the absence of a practical bedside
tool to identify the status of the gastric content, all pregnant
women are labelled as full stomach and managed as such.15–17

Among the many applications of point-of-care ultrasound
(US), there has been an increasing interest in bedside US
gastric assessment.18 19 Perlas and colleagues20–22 and
Bouvetand colleagues23 24 have demonstrated, in non-pregnant

& The Author 2014. Published by Oxford University Press on behalf of the British Journal of Anaesthesia. All rights reserved.
For Permissions, please email: journals.permissions@oup.com

British Journal of Anaesthesia 113 (6): 1018–23 (2014)
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DESDE UN PUNTO DE VISTA CUALITATIVO EL USO DE LA 
ECO EN EL TERCER TRIMESTRE DE GESTACIÓN ES 
POSIBLE. 

LA FIABILIDAD PREDICTIVA DISMINUYE NO OBSTANTE 
CON LA GESTACIÓN Y EN TODO CASO Y SOBRE TODO 
DURANTE EL TRABAJO DE PARTO, SU USO COMO 
HERRAMIENTA DE PREDICCIÓN DE RIESGO DE 
ASPIRACIÓN ES CONTROVERTIDO.  

SE NECESITAN MÁS ESTUDIOS AL RESPECTO. 
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and vertical planes, respectively. Upon identification of the 
interspace structures, the same procedure of releasing the 
tissue compression and measurements were performed. 
The distance from the skin to the inner aspect of the liga-
mentum flavum–dura mater unit was measured (US depth 
in TM plane, UD/TM), as well the distance from the skin to 
the tip of the spinous process. Finally, the depth from the 
skin to an imaginary line connecting the most posterior sur-
face of the transverse processes (TP) on each side (US depth 
to TP, UD/TP) was measured. The distance from the skin to 
the tip of the spinous process was considered a direct sur-
rogate of the thickness of the adipose tissue.

During the scanning protocol and at the time of mea-
suring, images in both planes were obtained and recorded 
(PSO, TM) for later assessment. The image quality was rated 
as good (all structures visualized with clear demarcation of 
both the ligamentum flavum–dura mater unit and vertebral 
body), poor (most but not all structures visible with poor 
demarcation), or inconclusive (no discernible structures). 
The images were rated in pairs (TM, PSO) after completion 
of the scanning by at least 2 of the investigators (JCA, MB, 
CA), and any discrepancies were resolved by discussion. 
A research assistant recorded the total duration of the US 
scanning.

Epidural/CSE Procedure
Either an experienced obstetric anesthesia fellow (with at 
least 6 months within the fellowship program) or a staff 
anesthesiologist performed the epidural procedure via a 
midline approach. They were offered information about the 
interspace and insertion point. The investigator disclosed an 
estimated depth to the epidural space, which was the short-
est distance measured by the US assessment rounded to the 
lowest integer number in centimeters (e.g., if UD = 7.6 cm, 
the estimated depth disclosed was 7.0 cm). The physicians 
performing the epidural/CSE procedure were asked to 
insert the Tuohy needle via a midline approach perpendicu-
lar to the skin, or with minimal angle if required, to ensure 

consistent depth measurements with the US-measured 
depths.

The epidural/CSE procedures were executed in the con-
ventional manner under sterile conditions using a 17-gauge 
Tuohy epidural needle after infiltration of the skin with 2% 
lidocaine. The patient was positioned reproducing the posi-
tion used during the US assessment. The epidural space 
was confirmed by the loss-of-resistance technique to either 
air or saline. Once the epidural space was identified, a ster-
ile marking pen was used to mark the Tuohy needle at the 
skin, and the ND was measured using a ruler to the near-
est millimeter. In the CSE technique for cesarean delivery, 
the epidural space was identified as above, and a “needle-
through-needle” technique was performed with a 27-gauge 
Whitacre needle. After intrathecal drug administration, the 
spinal needle was removed and a 19-gauge uniport, wire-
embedded epidural catheter (Arrow FlexTip Plus; Arrow 
International, Reading, PA) was inserted approximately 5 
cm into the epidural space.

The primary outcome was the precision of the estimated 
depth to the ligamentum flavum determined by US in the 
PSO plane (UD/PSO) compared with the depth to the epi-
dural space during the actual needle insertion via midline 
(ND), as well as compared with the estimated depth by 
US in the TM plane (UD/TM). The differences between 
measurements were evaluated using the Bland-Altman 
analysis. Secondary outcomes included the following: (a) 
precision and bias of the US estimates evaluated through 
the concordance correlation coefficient (CCC); (b) quality of 
imaging (TM versus PSO); (c) duration of US scanning and 
epidural/CSE procedure from skin infiltration to catheter 
insertion; (d) accuracy of the insertion point as determined 
by the need to redirect (redirection defined as any change 
in needle insertion trajectory that did not involve complete 
withdrawal of the needle from the patient’s skin) or rein-
sert the needle in the same interspace (reinsertion defined 
as complete withdrawal of the Tuohy needle to the patient’s 
skin followed by a new attempt in the same interspace); (e) 
correlations among BMI, US distance from skin to the tip of 
the spinous process, and ND; (f) patient’s comfort during 
the epidural procedure (verbal rating scale: 0–10; where 0 = 
no pain, 10 = worst pain imaginable), assessed after labor 
pain had subsided in labor epidural procedures and before 
skin incision in CSE procedures for cesarean deliveries; and 
(g) complications (vascular or dural puncture, paresthesias). 
A research assistant not involved in the US scanning or the 
epidural/CSE placement recorded all outcomes.

Statistical Analysis and Sample Size Calculation
Descriptive statistics, including the mean and SD, range, or 
median and interquartile range were used for continuous 
variables, whereas frequency and percentages were used 
for discrete variables.

The Bland-Altman analysis was performed to place the 
magnitudes of the differences between 2 measurements in a 
more clinical context.12,13 In addition, we estimated the 95% 
limits of agreement (LOA) for the differences, which repre-
sents differences likely to arise between the 2 measurements 
with a 95% probability. In our study, instead of using the 
mean between ND and UD, we considered the actual ND 

Figure 2. Ultrasound image in the transverse median plane. 
Measurement from the skin to the ligamentum flavum–dura mater 
unit (Lf-Dm) in blue dashed line. Upper-right corner: schematic 
positioning of the transducer in a spine model. Upper-left corner: 
ultrasound image without labels. ArtPr = articular process; TrPr = 
transverse process.
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Neuraxial anesthesia is frequently used for both 
labor analgesia and cesarean deliveries. Traditional 
landmark-based techniques for epidural proce-

dures show a 5% to 8% failure rate when epidural catheters 
are placed for labor analgesia and then used for cesarean 
delivery.1 In patients who are morbidly obese, this failure 
rate may be as high as 42%.2 Patients with a high body mass 
index (BMI) are particularly susceptible to complications 
such as inadvertent dural or vascular puncture, and failed 
neuraxial anesthesia.3 Some of these complications are 

related to the inability to identify the anatomical landmarks 
of the spine by palpation, and to predict the distance from 
the skin to the epidural space.

The use of spinal ultrasound (US) has shown to increase 
the success rate of epidural catheter placement when 
compared with a blind technique.4,5 One study in normal-
weight pregnant women found excellent correlation 
between the US-estimated depth (UD) to the epidural space 
and the actual needle depth (ND) using a single-screen 
method, with the US assessment performed in the transverse 
median (TM) plane.6 However, using the same imaging 
technique in obese women, a second study identified a trend 
toward underestimation of the ND by US as the depth to 
the epidural space increased.7 This finding was attributed to 
increased soft tissue compression by the US probe in women 
with a high BMI.7 Although the authors acknowledge that 
less compression would probably lead to more precise 
measurements, the image quality of the ligamentum flavum–
dura mater unit in the TM plane is frequently inferior to that 
in the paramedian sagittal oblique (PSO) plane.8,9 Therefore, 
changes to the US scanning technique may be necessary if 
less subcutaneous compression is warranted. The logical 
step would be to pursue the assessment in the PSO plane, 
which has been shown to provide excellent imaging quality 
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BACKGROUND: Spinal ultrasound (US) in the transverse median (TM) plane underestimates the 
distance to the epidural space in obese pregnant women, most likely because of compression 
of the subcutaneous tissue during the assessment, often required to compensate for poor vis-
ibility. We tested whether scanning in the paramedian sagittal oblique (PSO) plane compared 
with the TM plane resulted in a more precise estimate of the actual skin-epidural space mea-
surement in this population.
METHODS: We recruited obese (World Health Organization classes I, II, and III) pregnant women 
at term requesting labor epidural analgesia or combined spinal-epidural anesthesia for cesar-
ean delivery. US imaging was performed with a 5-2 MHz curved array probe to identify the 
insertion point and to estimate the distance from the skin to the epidural space (US-estimated 
depth, UD) in the PSO and TM planes. The measurements were performed with the least pos-
sible compression of the subcutaneous tissue by the US probe. All punctures were performed 
via the midline approach. An anesthesiologist performed the epidural/combined spinal-epidural 
procedure at the predetermined insertion point, and marked the actual needle distance from the 
skin to the epidural space (needle depth, ND). Bland-Altman analysis was used to determine the 
differences and 95% limits of agreement between US depth and ND.
RESULTS: We studied 60 women. The mean (SD) body mass index was 39.6 (7.9) kg/m2 (range 
30.4–66.2 kg/m2). The US estimate in the PSO and TM planes, and the actual ND were 6.5 
(1.2) cm, 6.5 (1.1) cm, and 6.6 (1.3) cm, respectively. The Bland-Altman analysis showed a 
mean difference of 0.05 cm and 95% limits of agreement of ±1 cm. The quality of imaging was 
rated as good in the PSO and TM planes in 86.7% and 68.3%, respectively (P = 0.028).
CONCLUSION: The estimates of the US-determined distance to the epidural space in the PSO 
are comparable to those in the TM plane. The ability to use both estimates interchangeably 
for midline punctures may prove useful in patients presenting with poor visibility in the TM 
plane. (Anesth Analg 2013;116:829–35)
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Spinal Ultrasound in Obese Parturients

and a greater visibility of the relevant structures because of 
the larger acoustic window.8

Although the use of the PSO plane seems the logical choice, 
a midline rather than a paramedian needle approach is most 
frequently used during lumbar epidural catheter placement in 
obstetric anesthesia. It is unknown whether the estimated UD 
to the epidural space obtained in the PSO plane can be used 
for performing midline punctures. Borges et al.9 showed that 
the depth to the epidural space measured in the PSO plane is 
similar to that obtained in the TM plane and suggested that 
the measurements could be used interchangeably. However, 
this impression has not been tested in a clinical study while 
performing actual epidural needle punctures.

We are unaware of published data comparing the US 
measurements in the PSO plane and the actual needle dis-
tance to the epidural space in midline punctures in women 
who are obese. We hypothesized that the superior acous-
tic window in the PSO plane compared with the TM plane 
allows for a more precise estimate of the distance to the 
ligamentum flavum–dura mater while performing midline 
punctures in obese pregnant women.

METHODS
After approval by the Research Ethics Board at Mount Sinai 
Hospital (Toronto, Canada), we conducted an observational 
cohort study. Laboring women requesting epidural anal-
gesia or women undergoing scheduled cesarean delivery 
under combined spinal-epidural (CSE) anesthesia were 
recruited. Written informed consent was obtained from 
all enrolled patients. The inclusion criteria included a cur-
rent BMI of ≥30 kg/m2. Patients were excluded if they had 
marked spinal deformities or a history of spinal instrumen-
tation. Patient recruitment occurred only when the investi-
gators were available. Obesity was classified according to 
the World Health Organization (WHO) categories (class I = 
BMI 30–34.9 kg/m2, class II = BMI 35–39.9 kg/m2, and class 
III = BMI ≥40 kg/m2). We planned to recruit 20 patients in 
each WHO category of obesity.

US Scanning
All patients underwent US imaging of the lumbar spine 
just before the epidural or CSE technique placement. The 
US scanning was performed in a nonsterile manner with 
the patient in the sitting position by one of the investigators 
(JCAC, MB, CA) who have 7 years experience in the use of 
spinal US. A portable US system with a 5-2 MHz curved 
array probe (M-Turbo™; SonoSite Canada Inc., Markham, 
ON, Canada) was used for US assessment, and the built-in 
caliper on the US machine was used for all measurements. 
Through a systematic scanning protocol, the PSO plane was 
scanned first followed by the TM plane.

Scanning in the PSO Plane
All patients were initially scanned in the left PSO plane to 
identify the upper border of the sacrum (Fig. 1). The US probe 
was placed in a longitudinal orientation over the sacral area, 
1 to 2 cm lateral to the neuraxial midline, and tilted slightly 
oblique to the midline to obtain a PSO view of the vertebral 
canal. The probe was then moved cephalad to identify the 
L3-4 interspace by counting consecutive interspaces. If the 
image quality at L3-4 was poor, the L2-3 or L1-2 interspace 

was used for epidural placement. In the PSO plane, we iden-
tified the following structural elements: (1) the posterior com-
plex (a linear hyperechoic structure consisting of ligamentum 
flavum, epidural space, and posterior dura mater), (2) the 
anterior complex (a linear hyperechoic structure consist-
ing of anterior dura mater, posterior longitudinal ligament, 
and posterior aspect of the vertebral body or intervertebral 
disk), and (3) the intrathecal space (dural sac), which appears 
uniformly anechoic between the posterior and anterior com-
plexes.10 The posterior and anterior complexes are referred 
to by other authors as simply the ‘‘ligamentum flavum–dura 
mater unit” and the ‘‘vertebral body,’’ respectively.11 We have 
adopted this terminology throughout the article. We also 
sought to identify the laminae in the PSO view.

Once the optimum US image was obtained, the inter-
space was centered on the US screen. The tissue compres-
sion by the US probe was released gradually as much as 
possible until the structures were still visible and the image 
was then frozen. The distance from the skin to the inner 
aspect of the ligamentum flavum–dura mater unit was mea-
sured (US depth in the PSO plane, UD/PSO).

Scanning in the TM Plane
Thereafter, the scanning was performed at the same lumbar 
interspace by placing the US probe in transverse orientation 
and scanning in a plane perpendicular to the long axis of 
the spine to obtain a TM view of the vertebral canal (Fig. 2). 
The ligamentum flavum–dura mater unit, the vertebral 
body, the transverse processes, and the articular processes 
were identified. To determine the x-intercept of the inser-
tion point, the tip of the spinous process was identified and 
centered on the screen, and the skin was marked at the mid-
point of the cephalad aspect of the probe. The y-intercept 
of the insertion point was then determined by moving the 
probe cephalad or caudad to locate the interspace, and the 
skin was marked at the midpoint of the right side of the 
probe. The optimal insertion point for the puncture was 
determined by the intersection of the 2 skin marks extended 
medially (x-axis) and caudally (y-axis) in the horizontal 

Figure 1. Ultrasound image in the paramedian sagittal oblique 
plane. Measurement from the skin to the ligamentum flavum–dura 
mater unit (Lf-Dm) in blue dashed line. Upper-right corner: schematic 
positioning of the transducer in a spine model. Upper-left corner: 
ultrasound image without labels.
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BLOQUEO NERVIO PERIFÉRICO

EN GENERAL

TAP

dermatomal sensory levels to T7 in volunteer CT and MRI studies, levels superior to what would be
expected per dye staining [7]. This approach has proved useful in randomized control trials for large
bowel restrictions [3], cesarean sections via Pfannenstiel incision [4], appendectomies in children [8],
and abdominal hysterectomies [5].

Introduction of ultrasound, discussion of risks

Given the initial assumption that TAP blocks worked by spread of local anesthetic along the fascial
plane separating the transversus abdominis and internal oblique, it was logical that anesthesiologists
began using ultrasound to better visualize this plane, with an aim toward reducing complications and
improving block effectiveness. Toward this end, Hebbard et al. described an ultrasound-guided lateral
approach to the TAP, with an injection point significantly anterior to the landmark-based approach [9].
Despite only two case reports of liver injury with TAP blocks [10,11] (one with and one without ul-
trasound) and none to bowel, continuous needle tip visualization would seem likely to lower the risks
of injury to bowel, liver, and spleen, while providing an extra safety margin against intravascular in-
jection. The 2010 ASRA Executive Summary on US-Guided Regional Anesthesia states that ultrasound
guidance “might be expected to reduce the incidence of visceral organ injuries and intraperitoneal
placements” but that “there is insufficient evidence from which to judge the relative (safety) contri-
bution of ultrasound to TAP … blocks [12]. ” The possibility of local anesthetic toxicity is also germane
to the discussion of risks given high local anesthetic volumes and bilateral blockse there are numerous
pharmacokinetic reports of patients (asymptomatically) reaching close to or above systemically toxic
doses [13e15] as well as a cautionary note about the potential for femoral weakness [16]. Of course, the
general risks of any regional approach including needle trauma, neural ischemia, and infection would
also be included in a thorough list of possible risks.

Fig. 1. Landmark-based Triangle of Petit TAP Block: With patient supine, needle inserted parallel to the floor and perpendicular to
skin, via apex of triangle of Petit (formed by external oblique (EO), latissimus dorsi (LD), and Iliac Crest (IC)). Note position of
midaxillary line (MAL) and costal margin (CM).
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Since it was first described by Rafi in 2001, the transversus
abdominis plane (TAP) block can be best described as a peripheral
nerve block to the anterior abdominal wall (T6 to L1). The TAP
block is specifically a local anesthetic injection into the fascial
plane superficial to the transversus abdominis muscle and deep to
the internal oblique muscle. The TAP block has been a subject of
controversy with regard to utility, to indications, and more
fundamentally, how best to place the block and its precise mech-
anism of action. The evolution of thinking with regard to this
block, or more correctly family of interrelated blocks, includes
knowledge of underlying anatomy, as well as an appreciation of its
varied approaches. The TAP block affords excellent analgesia for
abdominal procedures. In summary, the TAP block affords effective
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Previous descriptions of the thoracolumbar spinal nerves innervating the ante-
rior abdominal wall have been inconsistent. With modern surgical and anes-
thetic techniques that involve or may damage these nerves, an improved
understanding of the precise course and variability of this anatomy has
become increasingly important. The course of the nerves of the anterior ab-
dominal is described based on a thorough cadaveric study and review of the
literature. Twenty human cadaveric hemi-abdominal walls were dissected to
map the course of the nerves of the anterior abdominal wall. Dissection
included a comprehensive tracing of nerves and their branches from their ori-
gins in five specimens. The branching pattern and course of all nerves identi-
fied were described. All thoracolumbar nerves that innervate the anterior ab-
dominal wall were found to travel as multiple mixed segmental nerves, which
branch and communicate widely within the transversus abdominis plane
(TAP). This communication may occur at multiple locations, including large
branch communications anterolaterally (intercostal plexus), and in plexuses
that run with the deep circumflex iliac artery (DCIA) (TAP plexus) and the
deep inferior epigastric artery (DIEA) (rectus sheath plexus). Rectus abdomi-
nis muscle is innervated by segments T6-L1, with a constant branch from L1.
The umbilicus is always innervated by a branch of T10. As such, identification
or damage to individual nerves in the TAP or within rectus sheath is unlikely to
involve single segmental nerves. An understanding of this anatomy may con-
tribute to explaining clinical outcomes and preventing complications, following
TAP blocks for anesthesia and DIEA perforator flaps for breast reconstruction.
Clin. Anat. 21:325–333, 2008. VVC 2008 Wiley-Liss, Inc.
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INTRODUCTION

Anatomical descriptions of the thoracolumbar spi-
nal nerves that innervate the anterior abdominal wall
have been described inconsistently in the literature.
Early descriptions were of single segmental nerves,
with the early 20th century marking the beginning of
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expose the neurovascular structures on its deep sur-
face. This thin fascial sheet was present in all 20
cases and was more extensive than previously
described. This layer was not adherent to the inter-
nal oblique muscle layer, and bound down the nerves
on its deep surface to the transversus abdominis
layer. The layer was present throughout the TAP,
and extended medially to the linea semilunaris.

Segmental nerves T6 to T9 emerged from the cos-
tal margin to enter the TAP, between the midline and
the anterior axillary line. T6 entered the TAP just lat-
eral to the linea alba, while T7, T8, and T9 emerged
from the costal margin at increasingly lateral posi-
tions respectively. Branches of T9 emerged from the
costal margin either medial or lateral to the anterior
axillary line: in all 20 cases nerves of T9 origin
emerged from the costal margin medial to the ante-
rior axillary line, and in three cases branches were
also found emerging lateral to the anterior axillary
line. These three cases are shown in Table 1.

There was extensive branching and communica-
tion of nerves within the TAP (Fig. 1). Furthermore,
every segmental origin contributed to at least two
nerves found in the TAP. As shown in Table 1, at the
anterior axillary line many nerve branches were
found to arise from the segmental nerves T9-L1. In
all five of these specimens, both T11 and T12 had
communicating branches that joined to the nerves of
segmental origins above and below. T10 was found
to have communicating branches to T11 in all five
cases, but lacked communication to T9 in three
cases. In addition, each nerve was found to contrib-

TABLE 1. Number of Individual Nerve Branches
Found in the Neurovascular Plane (TAP) at the
Level of the Anterior Axillary Line Between the
Costal Margin and Inguinal Ligament

Number of nerve branches
identified

Cadaver Age Sex T9 T10 T11 T12 L1

1 68 Male 4 2 2 3 2
2 98 Female 0 2 3 3 7
3 92 Female 0 2 2 2 2
4 82 Male 1 3 4 3 3
5 87 Female 1 3 3 3 3

Fig. 1. Dissection of the right anterolateral abdomi-
nal wall revealing the nerves of the transversus abdomi-
nis plane (TAP) and rectus sheath. The relationship of
the nerves to the deep circumflex iliac artery (DCIA) is
demonstrated by colored pins (lower half of image) and
to the deep inferior epigastric artery (DIEA) by colored
pins (upper half of image). White flag (1) ¼ level of um-

bilicus. White flag (2) ¼ anterior superior iliac spine.
Red flag ¼ pubic symphysis. Pins: purple ¼ L1, yellow ¼
T12, blue ¼ T11, pink ¼ T10, orange ¼ T9, green ¼ T8.
RA ¼ rectus abdominis muscle. LS ¼ linea semilunaris.
TA ¼ transversus abdominis muscle. IO ¼ internal
oblique muscle. EO ¼ external oblique muscle. F ¼
fascial layer deep to internal oblique.
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ute muscular branches innervating overlying oblique
muscles and the rectus abdominis muscle medially
(Figs. 2, 3).

The majority of large nerve trunk communications
occurred lateral to the ascending branch of the deep
circumflex iliac artery (DCIA).

At the level of the ascending branch of the DCIA,
smaller nerve fibers were seen to leave the main
nerve axis and form a longitudinal nerve plexus that
ran with the DCIA (Fig. 4). This trunk or plexus var-
ied in caliber from thin nerves to a thick trunk. These
cranio-caudal nerves running with the DCIA form an
additional site for communication between the seg-
mental nerves.

Anteromedial Abdominal Wall

Nerves re-form after this plexus and encroach
upon the rectus sheath from its lateral aspect. These
nerves pierce the lateral margin of the linea semilu-
naris to enter the rectus sheath. These nerve trunks
are numerous and because of the communications
noted previously, corresponded to multiple segmen-
tal origins. Below the umbilicus, there were always
four to six nerves re-formed after extensive commu-
nication between the segmental nerves, which

encroached upon the lateral border of rectus abdom-
inis, in all 20 cases.

As these nerves approached the posterior surface
of rectus abdominis, a further site for plexus forma-
tion was found at the lateral branch of the deep infe-
rior epigastric artery (DIEA). At this site, a longitudi-
nal band of nerves was found to run cranio-caudally
with the DIEA.

Each segmental nerve from T6 to L1 contributed
to the innervation of rectus abdominis in some cases.
The nerves pierced the posterior surface of rectus
abdominis in the majority of cases (occasionally the
lateral border was pierced). Muscular and cutaneous
branches were observed as the nerves entered the
muscle. Nerve branches followed the pattern of run-
ning with adjacent arteries: cutaneous nerve
branches were seen to travel with cutaneous arterial
branches and muscular nerve branches travelled
with muscular arterial branches.

The T10 segmental nerves always travelled as
multiple nerves, and in all five complete dissections
one branch of T10 was identified as innervating the
umbilicus. The other branches of T10 passed either
above, at, or below the umbilicus. In one specimen
T10 nerves passed above the umbilicus, in three
specimens T10 nerves passed below, and in one case

Fig. 2. Dissection of the right anteromedial abdomi-
nal wall below the umbilicus, revealing the nerves of the
transversus abdominis plane (TAP) and rectus sheath.
The relationship of these nerves to the deep inferior epi-
gastric artery (DIEA) and its perforating musculocuta-

neous branches is demonstrated. Green flag = level of
umbilicus. Yellow flag = pubic symphysis. Colored pins
= mixed nerve bundles in the TAP and within rectus
sheath. RA = rectus abdominis muscle. LS = linea semi-
lunaris. TA = transversus abdominis muscle.
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NOMENCLATURA 

ZONA A ANALGESIAR NOS AYUDARÁ A 
DECIDIR LA APROXIMACIÓN ANATÓMICA DEL 
BLOQUEO. 

BLOQUEO PROFUNDO. ZONA VASCULARIZADA. 
RECOMENDACIÓN DE US. 

CUANTO MÁS POSTERIOR MÁS SIMILAR A UN 
PAR AVERTEBR AL. CIERTA ANALGESIA 
VISCERAL. 

A TENER EN CUENTA LA POSIBILIDAD DE 
PARÁLISIS FEMORAL CONCOMITANTE. 

APROX.  OBLICUO SUBCOSTALAPROX.  POSTERIOR
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Section Editor: Cynthia A. Wong

The Analgesic Efficacy of Transversus Abdominis Plane
Block After Cesarean Delivery: A Randomized
Controlled Trial

John G. McDonnell, MB,
FCARCSI*

Gerard Curley, MB*†

John Carney, MB*†

Aoife Benton, MB†

Joseph Costello, MB, FCARCSI*

Chrisen H. Maharaj, MB, BSc,
FCARCSI, DPM*†

John G. Laffey, MD, MA, BSc,
FCARCSI*†

BACKGROUND: The transversus abdominis plane (TAP) block is an effective method
of providing postoperative analgesia in patients undergoing midline abdominal
wall incisions. We evaluated its analgesic efficacy over the first 48 postoperative
hours after cesarean delivery performed through a Pfannensteil incision, in a
randomized controlled, double-blind, clinical trial.
METHODS: Fifty women undergoing elective cesarean delivery were randomized to
undergo TAP block with ropivacaine (n ! 25) versus placebo (n ! 25), in addition
to standard postoperative analgesia comprising patient-controlled IV morphine
analgesia and regular diclofenac and acetaminophen. All patients received a
standard spinal anesthetic, and at the end of surgery, a bilateral TAP block was
performed using 1.5 mg/kg ropivacaine (to a maximal dose of 150 mg) or saline on
each side. Each patient was assessed postoperatively by a blinded investigator: in
the postanesthesia care unit and at 2, 4, 6, 12, 24, 36, and 48 h postoperatively.
RESULTS: The TAP block with ropivacaine compared with placebo reduced postop-
erative visual analog scale pain scores. Mean (" sd) total morphine requirements
in the first 48 postoperative hours were also reduced (66 " 26 vs 18 " 14 mg, P #
0.001), as was the 12-h interval morphine consumption up to 36 h postoperatively.
The incidence of sedation was reduced in patients undergoing TAP blockade.
There were no complications attributable to the TAP block.
CONCLUSIONS: The TAP block, as a component of a multimodal analgesic regimen,
provided superior analgesia when compared with placebo block up to 48 postop-
erative hours after elective cesarean delivery.
(Anesth Analg 2008;106:186–91)

Cesarean delivery is a major surgical procedure,
after which substantial postoperative discomfort and
pain can be anticipated.1 The provision of effective
postoperative analgesia is of key importance to facilitate
early ambulation, infant care, (including breast feeding,
maternal-infant bonding) and prevention of postopera-
tive morbidity.1 The analgesic regimen needs to meet the
goals of providing safe, effective analgesia, with minimal
side effects for the mother and her child.

An important component of the pain experienced
by patients after abdominal surgery derives from the
abdominal wall incision. The lateral abdominal wall
consists of three muscle layers, the external oblique,
the internal oblique and the transversus abdominis,

and their fascial sheaths. The central abdominal wall
also includes the rectus abdominis muscles and its
fascial sheath. The nerves that supply the anterior
abdominal wall course through the neurofascial plane
between the internal oblique and the transversus
abdominis muscles.2 Based on anatomic studies, our
group identified the lumbar triangle of Petit as an
access point to this neurofascial plane (Fig. 1). This
triangle is bounded posteriorly by the latissimus dorsi
muscle, anteriorly by the external oblique, and inferi-
orly by the iliac crest. The iliac crest serves as a fixed
and easily palpable landmark.3 The floor of the tri-
angle, from superficial to deep, is composed of subcu-
taneous tissue, and the fascial borders of the external
oblique, the internal oblique, and the transversus
abdominis muscles, respectively (Fig. 1). By introduc-
ing local anesthetics into the transversus abdominis
plane (TAP) via the triangle of Petit, it is possible to
block the sensory nerves of the anterior abdominal
wall before they leave this plane and pierce the
musculature to innervate the entire anterior abdomi-
nal wall.4

We have recently demonstrated the efficacy of the
TAP block in providing postoperative analgesia for
patients undergoing surgery involving a midline ab-
dominal wall incision.4 In addition, the TAP block has
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Ultrasound-guided bilateral dual transversus abdominis

plane block: a new four-point approach

J. BØRGLUM, C. MASCHMANN, B. BELHAGE and K. JENSEN

Department of Anaesthesia and Intensive Care Medicine, Copenhagen University Hospital, Bispebjerg, Denmark

Background: We describe a new ultrasound-guided bilateral
dual transversus abdominis plane block. Our hypothesis was that
we could anaesthetize both the upper (Th6–Th9) and the lower
(Th10–Th12) abdominal wall bilaterally using a four-point single-
shot technique to provide effective post-operative analgesia.
Methods: A prospective cohort of 25 recovery room pa-
tients was included. They had undergone major open or
laparoscopic abdominal surgery under general anaesthesia
and had severe post-operative pain. The blocks were
conducted using a high-frequency linear transducer and
a 22 G, 80-mm-long needle. The needle was inserted in-
plane from medial to lateral for each injection. Fifteen
millilitres of bupivacaine 2.5 mg/ml was injected at each
of the four sites.
Results: Block performance took on average 16 min (range
10–20 min). The 25 patients reported a reduction of their
maximum pain (visual analogue scale 0–10) from a mean
of 8.2 to a mean of 2.2 10 min after block performance

(Po0.001). They were discharged from the post-anaesthe-
sia care unit after an average of 34 min. Twenty-one pa-
tients (84%) did not require any i.v. opioids in the
following 6 h. Sixteen patients (64%) were mobilized
within 6 h after the block. Data were similar irrespective
of open or laparoscopic surgery (P 5 0.68).
Conclusion: This new four-point single-shot technique
was effective in decreasing severe pain after a major
abdominal surgery. The block, although short-lived, facili-
tated discharge from the post-anaesthesia care unit, few
patients required opioids on the day of surgery and
mobilization was improved.

Accepted for publication 18 February 2011
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MAJOR abdominal surgery such as laparoscopy,
laparotomy and various forms of abdominal

wall repair is often associated with severe post-
operative pain. The antero-lateral abdominal wall
is innervated by the thoracolumbar nerves (Th6–
L1) that give rise to both lateral and anterior
cutaneous branches.1 The Th6–Th12 nerves run
anteriorly in the transversus abdominis plane, en-
ter the rectus sheath and emerge as anterior cuta-
neous nerves. Furthermore, Th6–Th12 nerves
provide motor innervations to the pyramidalis
and rectus muscles in the anterior abdomen, and
Th6–L1 nerves innervate the intercostal muscles,
the external and internal oblique muscles and the
transversus abdominis muscle.2 In recent years,
there has been a specific interest in the use of the
transversus abdominis plane block as a supple-
ment in a multimodal analgesic regime.3 Abdom-
inal field blocks relying on a blind landmark
technique via the lumbar triangle of Petit have
been described previously.4 These techniques had

been verified with a cadaveric and radiological
evaluation and found a clinical application for
Caesarean delivery, bowel surgery, retropubic pros-
tatectomy and laparoscopic cholecystectomy.5–9

The classical transversus abdominis plane block
can be used for surgery involving the lower ab-
dominal wall (Th10–Th12), but the analgesic effi-
cacy for upper abdominal surgery remains
doubtful, as the Th6–Th9 nerves from the inter-
costal plexus enter the neurovascular plane medial
to the anterior axillary line.1 Furthermore, anato-
mical studies have revealed that although there
seems to be extensive branching within the inter-
costal plexus, the lower transversus abdominis
plane plexus and the rectus sheath plexus, the
same extensive branching of nerve fibres between
the various plexuses was not found.1 Recently, this
problem has successfully been addressed by de-
scribing the oblique subcostal transversus abdomi-
nis plane block designed to include analgesia of the
upper abdominal wall.10 In the present study, we
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Duration of analgesic effectiveness after the posterior and
lateral transversus abdominis plane block techniques for
transverse lower abdominal incisions: a meta-analysis
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Editor’s key points

† The duration of effectiveness
of transversus abdominis
plane (TAP) block in providing
postoperative analgesia
after abdominal surgery was
studied in this meta-analysis.

† The authors conclude that
TAP block using the posterior
approach reduced the rest
and dynamic pain as well as
the consumption of
morphine for up to 48 h.

† The effect was not seen when
a TAP block was performed
using the lateral approach.

† The authors call for
randomized controlled trials,
which will compare the two
approaches of performing a
TAP block.

Background. Both posterior and lateral transversus abdominis plane (TAP) block techniques
provide effective early (0–12 h) postoperative analgesia after transverse incision surgery.
However, whether either technique produces prolonged analgesia lasting beyond 12 h
remains controversial. This meta-analysis examines the duration of analgesia associated
with posterior and lateral TAP blocks in the first 48 h after lower abdominal transverse
incision surgery.

Methods. We retrieved randomized controlled trials (RCTs) investigating the analgesic effects
of TAP block compared with control in patients undergoing lower abdominal transverse
incision surgery. Outcomes sought included interval postoperative i.v. morphine
consumption and also rest and dynamic pain scores at 12, 24, 36, and 48 h
postoperatively. Opioid-related side-effects and patient satisfaction at 24 and 48 h were
also assessed. The 12–24 h interval morphine consumption was designated as a primary
outcome.

Results. Twelve RCTs including641patientswere analysed. Four trials examined the posterior
technique andeight assessed the lateral technique. Comparedwithcontrol, the posteriorTAP
block reduced postoperative morphine consumption during the 12–24 h and 24–48 h
intervals by 9.1 mg (95% CI: 216.83, 21.45; P¼0.02) and 5 mg (95% CI: 29.54, 20.52;
P¼0.03), respectively. It also reduced rest pain scores at 24, 36, and 48 h, and also
dynamic pain scores at 12, 24, 36, and 48 h. Differences were not significant with the
lateral TAP block.

Conclusion. Based on the comparisons with control, the posterior TAP block appears to
produce more prolonged analgesia than the lateral TAP block. Future RCTs comparing
these two techniques are required to confirm our findings.

Keywords: acute pain, novel techniques; anaesthetic blocks, regional; analgesia,
postoperative; regional blockade; surgery, abdominal
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Patients undergoing obstetric or gynaecological surgery using
transverse lower abdominal incisions, such as the Pfannenstiel,
Cherney, and Maylard1 2 incisions, often suffer severe pain
during the first 48 h postoperatively.3–5 Not surprisingly, the in-
cidence of persistent postoperative pain, an undesirable
outcome of surgery influenced by the duration and efficacy of
postoperative analgesia,6 after Caesarean delivery7 and total
abdominal hysterectomy8 approaches 12 and 32%, respective-
ly. As the abdominal wall is a major contributor to acute post-
operative pain after abdominal surgery,9 field blocks like the

transversus abdominis plane (TAP) block10 can provide effective
analgesia for a variety of abdominal surgical procedures.11 12

However, the relative efficacy of the TAP block for transverse
lower abdominal incisions may vary depending on the block
technique.12 While posterior injections in the triangle of Petit
and lateral injections at the midaxillary line techniques have
both demonstrated efficacy in the immediate postoperative
period,12 the potential for either technique to produce more pro-
longed analgesic benefits (≥12 h) after lower transverse incision
surgery remains controversial. A recent retrospective review13
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A randomised trial of the analgesic efficacy of ultrasound-
guided transversus abdominis plane block after caesarean
delivery under general anaesthesia
Terry T. Tan, Wendy H.L. Teoh, David C.M. Woo, Cecilia E. Ocampo, Mukesh K. Shah and Alex T.H. Sia

Context Previous studies examining the efficacy of transversus
abdominis plane block after caesarean section have mostly been
in parturients under spinal anaesthesia.
Objectives We postulated that the advantage of performing
transversus abdominis plane block after caesarean section
might be even more obvious after general anaesthesia, resulting
in reduced 24-h consumption of morphine.
Design, setting, patients and interventions In this single
centre, randomised double-blind controlled trial, 40 women who
underwent caesarean delivery under general anaesthesia were
allocated randomly to receive a transversus abdominis plane
block or no block. In those who received the block, 20 ml of
levobupivacaine 2.5 mg ml!1 was deposited bilaterally into the
transversus abdominis plane under ultrasound guidance using a
Sonosite Titan (SonoSite, Bothell, Washington, USA) 7–13 MHz
linear transducer at the end of surgery when the patient was still
anaesthetised.
Main outcome measures We recorded patient-
controlled intravenous morphine use for 24 h, pain scores at rest

and activity, sedation, nausea and vomiting, use of
antiemetic medication and overall maternal satisfaction.
The primary outcome was 24-h morphine consumption.
Results Patients who received the transversus abdominis
plane block used significantly less morphine in 24 h than
those in the control group [12.3 (2.6) vs. 31.4 mg (3.1),
P<0.001) and had higher satisfaction scores [16 (80%)
vs. 5 (25%), P¼0.012). There were no differences
between groups in the visual analogue pain scores,
sedation level, nausea and vomiting or the use of antiemetic
medication.
Conclusion Ultrasound-guided transversus abdominis plane
block reduced morphine consumption following caesarean
section under general anaesthesia, with increased maternal
satisfaction.
Eur J Anaesthesiol 2012; 29:88–94
Published online 19 December 2011

Keywords: anaesthetic technique, caesarean delivery, general anaesthesia,
morphine consumption, transversus abdominis plane block, ultrasound

Introduction
Effective pain control is an important aspect of recovery
for women after caesarean delivery. Women want to be
alert, mobile and pain-free to care for themselves and
their newborn. Currently, the use of spinal or epidural
anaesthesia, co-administered with neuraxial opioids,
remains a popular and effective technique in providing
anaesthesia and analgesia for women undergoing
caesarean delivery. Early oral feeding in these women
has also been shown to expedite other important out-
comes such as reduced need for prolonged intravenous
hydration, earlier removal of intravenous cannulae, earlier
ambulation, earlier start of breastfeeding and shorter
hospitalisation.1 However, there is a small proportion
of patients in whom neuraxial techniques are contra-
indicated or not possible. These women undergo general
anaesthesia for caesarean delivery and receive morphine
using an intravenous patient-controlled analgesia (PCA)
system for postoperative analgesia. Apart from being less

effective than neuraxial opioids,2 attendant opioid-
related side-effects such as nausea and vomiting, seda-
tion, pruritus and respiratory depression are common
concerns. In addition, systemic morphine accumulates
in breast milk and can transfer to the baby if the patient is
breastfeeding.3

The transversus abdominis plane (TAP) block, described
by McDonnell and Laffey,4 is a technique whereby
local anaesthetic is deposited in the TAP, blocking
sensory nerves which supply the anterior abdominal
wall. The TAP block has been shown to reduce
morphine consumption after abdominal surgery5 and
after caesarean delivery under spinal anaesthesia.6 Access
to the TAP was originally described by McDonnell
and Laffey4 using a landmark technique through the
triangle of Petit, relying on a ‘double-pop’ sensation as
the needle is advanced across the neurofascial planes of
the anterior abdominal wall. Increasingly, TAP blocks
have been performed under ultrasound guidance which
may be more precise and safer than the blind approach.7

We hypothesised that the advantage of adding a TAP
block could be even more obvious after caesarean section
performed under general anaesthesia and that the safety
of the TAP block would be enhanced by ultrasound
guidance. The primary outcome of our study was 24-h
consumption of morphine. The secondary outcomes were

RANDOMISED CONTROLLED TRIAL
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EXISTE MUCHA Y RECIENTE LITERATURA AL RESPECTO. 

L A MAYORÍA COINCIDEN QUE EXISTE DIFERENCIA 
SIGNIFICATIVA DE MEJORÍA EN LA ESCALA EVA EN 
CESÁREAS REALIZADAS BAJO ANESTESIA GENERAL FRENTE 
A NO HACER BLOQUEO TAP. 

NO EXISTE DIFERENCIA SIGNIFICATIVA SI SE REALIZA LA 
CESÁREA BAJO ANESTESIA LOCO REGIONAL CON MORFINA 
INTRATECAL. 

NO HAY DATOS CONCLUYENTES SI TÉCNICA LOCO REGIONAL 
CON OTROS OPIÓIDES INTRATECALES. ¿SUFENTANILO? 
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The Analgesic Efficacy of Transversus Abdominis Plane
Block After Cesarean Delivery: A Randomized
Controlled Trial

John G. McDonnell, MB,
FCARCSI*

Gerard Curley, MB*†

John Carney, MB*†

Aoife Benton, MB†

Joseph Costello, MB, FCARCSI*

Chrisen H. Maharaj, MB, BSc,
FCARCSI, DPM*†

John G. Laffey, MD, MA, BSc,
FCARCSI*†

BACKGROUND: The transversus abdominis plane (TAP) block is an effective method
of providing postoperative analgesia in patients undergoing midline abdominal
wall incisions. We evaluated its analgesic efficacy over the first 48 postoperative
hours after cesarean delivery performed through a Pfannensteil incision, in a
randomized controlled, double-blind, clinical trial.
METHODS: Fifty women undergoing elective cesarean delivery were randomized to
undergo TAP block with ropivacaine (n ! 25) versus placebo (n ! 25), in addition
to standard postoperative analgesia comprising patient-controlled IV morphine
analgesia and regular diclofenac and acetaminophen. All patients received a
standard spinal anesthetic, and at the end of surgery, a bilateral TAP block was
performed using 1.5 mg/kg ropivacaine (to a maximal dose of 150 mg) or saline on
each side. Each patient was assessed postoperatively by a blinded investigator: in
the postanesthesia care unit and at 2, 4, 6, 12, 24, 36, and 48 h postoperatively.
RESULTS: The TAP block with ropivacaine compared with placebo reduced postop-
erative visual analog scale pain scores. Mean (" sd) total morphine requirements
in the first 48 postoperative hours were also reduced (66 " 26 vs 18 " 14 mg, P #
0.001), as was the 12-h interval morphine consumption up to 36 h postoperatively.
The incidence of sedation was reduced in patients undergoing TAP blockade.
There were no complications attributable to the TAP block.
CONCLUSIONS: The TAP block, as a component of a multimodal analgesic regimen,
provided superior analgesia when compared with placebo block up to 48 postop-
erative hours after elective cesarean delivery.
(Anesth Analg 2008;106:186–91)

Cesarean delivery is a major surgical procedure,
after which substantial postoperative discomfort and
pain can be anticipated.1 The provision of effective
postoperative analgesia is of key importance to facilitate
early ambulation, infant care, (including breast feeding,
maternal-infant bonding) and prevention of postopera-
tive morbidity.1 The analgesic regimen needs to meet the
goals of providing safe, effective analgesia, with minimal
side effects for the mother and her child.

An important component of the pain experienced
by patients after abdominal surgery derives from the
abdominal wall incision. The lateral abdominal wall
consists of three muscle layers, the external oblique,
the internal oblique and the transversus abdominis,

and their fascial sheaths. The central abdominal wall
also includes the rectus abdominis muscles and its
fascial sheath. The nerves that supply the anterior
abdominal wall course through the neurofascial plane
between the internal oblique and the transversus
abdominis muscles.2 Based on anatomic studies, our
group identified the lumbar triangle of Petit as an
access point to this neurofascial plane (Fig. 1). This
triangle is bounded posteriorly by the latissimus dorsi
muscle, anteriorly by the external oblique, and inferi-
orly by the iliac crest. The iliac crest serves as a fixed
and easily palpable landmark.3 The floor of the tri-
angle, from superficial to deep, is composed of subcu-
taneous tissue, and the fascial borders of the external
oblique, the internal oblique, and the transversus
abdominis muscles, respectively (Fig. 1). By introduc-
ing local anesthetics into the transversus abdominis
plane (TAP) via the triangle of Petit, it is possible to
block the sensory nerves of the anterior abdominal
wall before they leave this plane and pierce the
musculature to innervate the entire anterior abdomi-
nal wall.4

We have recently demonstrated the efficacy of the
TAP block in providing postoperative analgesia for
patients undergoing surgery involving a midline ab-
dominal wall incision.4 In addition, the TAP block has
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Duration of analgesic effectiveness after the posterior and
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transverse lower abdominal incisions: a meta-analysis
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Editor’s key points

† The duration of effectiveness
of transversus abdominis
plane (TAP) block in providing
postoperative analgesia
after abdominal surgery was
studied in this meta-analysis.

† The authors conclude that
TAP block using the posterior
approach reduced the rest
and dynamic pain as well as
the consumption of
morphine for up to 48 h.

† The effect was not seen when
a TAP block was performed
using the lateral approach.

† The authors call for
randomized controlled trials,
which will compare the two
approaches of performing a
TAP block.

Background. Both posterior and lateral transversus abdominis plane (TAP) block techniques
provide effective early (0–12 h) postoperative analgesia after transverse incision surgery.
However, whether either technique produces prolonged analgesia lasting beyond 12 h
remains controversial. This meta-analysis examines the duration of analgesia associated
with posterior and lateral TAP blocks in the first 48 h after lower abdominal transverse
incision surgery.

Methods. We retrieved randomized controlled trials (RCTs) investigating the analgesic effects
of TAP block compared with control in patients undergoing lower abdominal transverse
incision surgery. Outcomes sought included interval postoperative i.v. morphine
consumption and also rest and dynamic pain scores at 12, 24, 36, and 48 h
postoperatively. Opioid-related side-effects and patient satisfaction at 24 and 48 h were
also assessed. The 12–24 h interval morphine consumption was designated as a primary
outcome.

Results. Twelve RCTs including641patientswere analysed. Four trials examined the posterior
technique andeight assessed the lateral technique. Comparedwithcontrol, the posteriorTAP
block reduced postoperative morphine consumption during the 12–24 h and 24–48 h
intervals by 9.1 mg (95% CI: 216.83, 21.45; P¼0.02) and 5 mg (95% CI: 29.54, 20.52;
P¼0.03), respectively. It also reduced rest pain scores at 24, 36, and 48 h, and also
dynamic pain scores at 12, 24, 36, and 48 h. Differences were not significant with the
lateral TAP block.

Conclusion. Based on the comparisons with control, the posterior TAP block appears to
produce more prolonged analgesia than the lateral TAP block. Future RCTs comparing
these two techniques are required to confirm our findings.

Keywords: acute pain, novel techniques; anaesthetic blocks, regional; analgesia,
postoperative; regional blockade; surgery, abdominal
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Patients undergoing obstetric or gynaecological surgery using
transverse lower abdominal incisions, such as the Pfannenstiel,
Cherney, and Maylard1 2 incisions, often suffer severe pain
during the first 48 h postoperatively.3–5 Not surprisingly, the in-
cidence of persistent postoperative pain, an undesirable
outcome of surgery influenced by the duration and efficacy of
postoperative analgesia,6 after Caesarean delivery7 and total
abdominal hysterectomy8 approaches 12 and 32%, respective-
ly. As the abdominal wall is a major contributor to acute post-
operative pain after abdominal surgery,9 field blocks like the

transversus abdominis plane (TAP) block10 can provide effective
analgesia for a variety of abdominal surgical procedures.11 12

However, the relative efficacy of the TAP block for transverse
lower abdominal incisions may vary depending on the block
technique.12 While posterior injections in the triangle of Petit
and lateral injections at the midaxillary line techniques have
both demonstrated efficacy in the immediate postoperative
period,12 the potential for either technique to produce more pro-
longed analgesic benefits (≥12 h) after lower transverse incision
surgery remains controversial. A recent retrospective review13

British Journal of Anaesthesia 111 (5): 721–35 (2013)
Advance Access publication 27 June 2013 . doi:10.1093/bja/aet214
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Ultrasound-guided bilateral dual transversus abdominis

plane block: a new four-point approach

J. BØRGLUM, C. MASCHMANN, B. BELHAGE and K. JENSEN

Department of Anaesthesia and Intensive Care Medicine, Copenhagen University Hospital, Bispebjerg, Denmark

Background: We describe a new ultrasound-guided bilateral
dual transversus abdominis plane block. Our hypothesis was that
we could anaesthetize both the upper (Th6–Th9) and the lower
(Th10–Th12) abdominal wall bilaterally using a four-point single-
shot technique to provide effective post-operative analgesia.
Methods: A prospective cohort of 25 recovery room pa-
tients was included. They had undergone major open or
laparoscopic abdominal surgery under general anaesthesia
and had severe post-operative pain. The blocks were
conducted using a high-frequency linear transducer and
a 22 G, 80-mm-long needle. The needle was inserted in-
plane from medial to lateral for each injection. Fifteen
millilitres of bupivacaine 2.5 mg/ml was injected at each
of the four sites.
Results: Block performance took on average 16 min (range
10–20 min). The 25 patients reported a reduction of their
maximum pain (visual analogue scale 0–10) from a mean
of 8.2 to a mean of 2.2 10 min after block performance

(Po0.001). They were discharged from the post-anaesthe-
sia care unit after an average of 34 min. Twenty-one pa-
tients (84%) did not require any i.v. opioids in the
following 6 h. Sixteen patients (64%) were mobilized
within 6 h after the block. Data were similar irrespective
of open or laparoscopic surgery (P 5 0.68).
Conclusion: This new four-point single-shot technique
was effective in decreasing severe pain after a major
abdominal surgery. The block, although short-lived, facili-
tated discharge from the post-anaesthesia care unit, few
patients required opioids on the day of surgery and
mobilization was improved.

Accepted for publication 18 February 2011
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MAJOR abdominal surgery such as laparoscopy,
laparotomy and various forms of abdominal

wall repair is often associated with severe post-
operative pain. The antero-lateral abdominal wall
is innervated by the thoracolumbar nerves (Th6–
L1) that give rise to both lateral and anterior
cutaneous branches.1 The Th6–Th12 nerves run
anteriorly in the transversus abdominis plane, en-
ter the rectus sheath and emerge as anterior cuta-
neous nerves. Furthermore, Th6–Th12 nerves
provide motor innervations to the pyramidalis
and rectus muscles in the anterior abdomen, and
Th6–L1 nerves innervate the intercostal muscles,
the external and internal oblique muscles and the
transversus abdominis muscle.2 In recent years,
there has been a specific interest in the use of the
transversus abdominis plane block as a supple-
ment in a multimodal analgesic regime.3 Abdom-
inal field blocks relying on a blind landmark
technique via the lumbar triangle of Petit have
been described previously.4 These techniques had

been verified with a cadaveric and radiological
evaluation and found a clinical application for
Caesarean delivery, bowel surgery, retropubic pros-
tatectomy and laparoscopic cholecystectomy.5–9

The classical transversus abdominis plane block
can be used for surgery involving the lower ab-
dominal wall (Th10–Th12), but the analgesic effi-
cacy for upper abdominal surgery remains
doubtful, as the Th6–Th9 nerves from the inter-
costal plexus enter the neurovascular plane medial
to the anterior axillary line.1 Furthermore, anato-
mical studies have revealed that although there
seems to be extensive branching within the inter-
costal plexus, the lower transversus abdominis
plane plexus and the rectus sheath plexus, the
same extensive branching of nerve fibres between
the various plexuses was not found.1 Recently, this
problem has successfully been addressed by de-
scribing the oblique subcostal transversus abdomi-
nis plane block designed to include analgesia of the
upper abdominal wall.10 In the present study, we
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Duration of analgesic effectiveness after the posterior and
lateral transversus abdominis plane block techniques for
transverse lower abdominal incisions: a meta-analysis
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Editor’s key points

† The duration of effectiveness
of transversus abdominis
plane (TAP) block in providing
postoperative analgesia
after abdominal surgery was
studied in this meta-analysis.

† The authors conclude that
TAP block using the posterior
approach reduced the rest
and dynamic pain as well as
the consumption of
morphine for up to 48 h.

† The effect was not seen when
a TAP block was performed
using the lateral approach.

† The authors call for
randomized controlled trials,
which will compare the two
approaches of performing a
TAP block.

Background. Both posterior and lateral transversus abdominis plane (TAP) block techniques
provide effective early (0–12 h) postoperative analgesia after transverse incision surgery.
However, whether either technique produces prolonged analgesia lasting beyond 12 h
remains controversial. This meta-analysis examines the duration of analgesia associated
with posterior and lateral TAP blocks in the first 48 h after lower abdominal transverse
incision surgery.

Methods. We retrieved randomized controlled trials (RCTs) investigating the analgesic effects
of TAP block compared with control in patients undergoing lower abdominal transverse
incision surgery. Outcomes sought included interval postoperative i.v. morphine
consumption and also rest and dynamic pain scores at 12, 24, 36, and 48 h
postoperatively. Opioid-related side-effects and patient satisfaction at 24 and 48 h were
also assessed. The 12–24 h interval morphine consumption was designated as a primary
outcome.

Results. Twelve RCTs including641patientswere analysed. Four trials examined the posterior
technique andeight assessed the lateral technique. Comparedwithcontrol, the posteriorTAP
block reduced postoperative morphine consumption during the 12–24 h and 24–48 h
intervals by 9.1 mg (95% CI: 216.83, 21.45; P¼0.02) and 5 mg (95% CI: 29.54, 20.52;
P¼0.03), respectively. It also reduced rest pain scores at 24, 36, and 48 h, and also
dynamic pain scores at 12, 24, 36, and 48 h. Differences were not significant with the
lateral TAP block.

Conclusion. Based on the comparisons with control, the posterior TAP block appears to
produce more prolonged analgesia than the lateral TAP block. Future RCTs comparing
these two techniques are required to confirm our findings.

Keywords: acute pain, novel techniques; anaesthetic blocks, regional; analgesia,
postoperative; regional blockade; surgery, abdominal
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Patients undergoing obstetric or gynaecological surgery using
transverse lower abdominal incisions, such as the Pfannenstiel,
Cherney, and Maylard1 2 incisions, often suffer severe pain
during the first 48 h postoperatively.3–5 Not surprisingly, the in-
cidence of persistent postoperative pain, an undesirable
outcome of surgery influenced by the duration and efficacy of
postoperative analgesia,6 after Caesarean delivery7 and total
abdominal hysterectomy8 approaches 12 and 32%, respective-
ly. As the abdominal wall is a major contributor to acute post-
operative pain after abdominal surgery,9 field blocks like the

transversus abdominis plane (TAP) block10 can provide effective
analgesia for a variety of abdominal surgical procedures.11 12

However, the relative efficacy of the TAP block for transverse
lower abdominal incisions may vary depending on the block
technique.12 While posterior injections in the triangle of Petit
and lateral injections at the midaxillary line techniques have
both demonstrated efficacy in the immediate postoperative
period,12 the potential for either technique to produce more pro-
longed analgesic benefits (≥12 h) after lower transverse incision
surgery remains controversial. A recent retrospective review13

British Journal of Anaesthesia 111 (5): 721–35 (2013)
Advance Access publication 27 June 2013 . doi:10.1093/bja/aet214

& The Author [2013]. Published by Oxford University Press on behalf of the British Journal of Anaesthesia. All rights reserved.
For Permissions, please email: journals.permissions@oup.com

 at U
N

IV
ER

SID
A

D
 D

E SEV
ILLA

 on February 20, 2015
http://bja.oxfordjournals.org/

D
ow

nloaded from
 

Copyright © European Society of Anaesthesiology. Unauthorized reproduction of this article is prohibited.

A randomised trial of the analgesic efficacy of ultrasound-
guided transversus abdominis plane block after caesarean
delivery under general anaesthesia
Terry T. Tan, Wendy H.L. Teoh, David C.M. Woo, Cecilia E. Ocampo, Mukesh K. Shah and Alex T.H. Sia

Context Previous studies examining the efficacy of transversus
abdominis plane block after caesarean section have mostly been
in parturients under spinal anaesthesia.
Objectives We postulated that the advantage of performing
transversus abdominis plane block after caesarean section
might be even more obvious after general anaesthesia, resulting
in reduced 24-h consumption of morphine.
Design, setting, patients and interventions In this single
centre, randomised double-blind controlled trial, 40 women who
underwent caesarean delivery under general anaesthesia were
allocated randomly to receive a transversus abdominis plane
block or no block. In those who received the block, 20 ml of
levobupivacaine 2.5 mg ml!1 was deposited bilaterally into the
transversus abdominis plane under ultrasound guidance using a
Sonosite Titan (SonoSite, Bothell, Washington, USA) 7–13 MHz
linear transducer at the end of surgery when the patient was still
anaesthetised.
Main outcome measures We recorded patient-
controlled intravenous morphine use for 24 h, pain scores at rest

and activity, sedation, nausea and vomiting, use of
antiemetic medication and overall maternal satisfaction.
The primary outcome was 24-h morphine consumption.
Results Patients who received the transversus abdominis
plane block used significantly less morphine in 24 h than
those in the control group [12.3 (2.6) vs. 31.4 mg (3.1),
P<0.001) and had higher satisfaction scores [16 (80%)
vs. 5 (25%), P¼0.012). There were no differences
between groups in the visual analogue pain scores,
sedation level, nausea and vomiting or the use of antiemetic
medication.
Conclusion Ultrasound-guided transversus abdominis plane
block reduced morphine consumption following caesarean
section under general anaesthesia, with increased maternal
satisfaction.
Eur J Anaesthesiol 2012; 29:88–94
Published online 19 December 2011

Keywords: anaesthetic technique, caesarean delivery, general anaesthesia,
morphine consumption, transversus abdominis plane block, ultrasound

Introduction
Effective pain control is an important aspect of recovery
for women after caesarean delivery. Women want to be
alert, mobile and pain-free to care for themselves and
their newborn. Currently, the use of spinal or epidural
anaesthesia, co-administered with neuraxial opioids,
remains a popular and effective technique in providing
anaesthesia and analgesia for women undergoing
caesarean delivery. Early oral feeding in these women
has also been shown to expedite other important out-
comes such as reduced need for prolonged intravenous
hydration, earlier removal of intravenous cannulae, earlier
ambulation, earlier start of breastfeeding and shorter
hospitalisation.1 However, there is a small proportion
of patients in whom neuraxial techniques are contra-
indicated or not possible. These women undergo general
anaesthesia for caesarean delivery and receive morphine
using an intravenous patient-controlled analgesia (PCA)
system for postoperative analgesia. Apart from being less

effective than neuraxial opioids,2 attendant opioid-
related side-effects such as nausea and vomiting, seda-
tion, pruritus and respiratory depression are common
concerns. In addition, systemic morphine accumulates
in breast milk and can transfer to the baby if the patient is
breastfeeding.3

The transversus abdominis plane (TAP) block, described
by McDonnell and Laffey,4 is a technique whereby
local anaesthetic is deposited in the TAP, blocking
sensory nerves which supply the anterior abdominal
wall. The TAP block has been shown to reduce
morphine consumption after abdominal surgery5 and
after caesarean delivery under spinal anaesthesia.6 Access
to the TAP was originally described by McDonnell
and Laffey4 using a landmark technique through the
triangle of Petit, relying on a ‘double-pop’ sensation as
the needle is advanced across the neurofascial planes of
the anterior abdominal wall. Increasingly, TAP blocks
have been performed under ultrasound guidance which
may be more precise and safer than the blind approach.7

We hypothesised that the advantage of adding a TAP
block could be even more obvious after caesarean section
performed under general anaesthesia and that the safety
of the TAP block would be enhanced by ultrasound
guidance. The primary outcome of our study was 24-h
consumption of morphine. The secondary outcomes were

RANDOMISED CONTROLLED TRIAL
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L A MAYORÍA COINCIDEN QUE EXISTE DIFERENCIA 
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CESÁREAS REALIZADAS BAJO ANESTESIA GENERAL FRENTE 
A NO HACER BLOQUEO TAP. 
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CESÁREA BAJO ANESTESIA LOCO REGIONAL CON MORFINA 
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