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Abstract

In 2023, the Canadian Society of Abdominal Radiology (CSAR) and Canadian Emergency, Trauma, and Acute Care Radiology
Society (CETARS) received Canadian Association of Radiologists (CAR) member feedback that there was an unmet
educational need for guidance in the imaging investigation of right lower quadrant (RLQ) pain. Members requested specific
guidance on how to handle controversial scenarios including which test to order when, specifics of imaging protocols,
and managing pregnant patients who have RLQ pain—all from a Canadian perspective. After conducting an exhaustive
literature review, the working group agreed that a Canadian-specific set of guidelines was warranted. The management
recommendations presented in this guideline were discussed as a group to achieve expert consensus. As the workup for
RLQ pain can vary considerably in the paediatric population, the scope of this paper was restricted to adults (18years of
age or older). Whenever possible, the best evidence was used to inform the clinical guidance, and where gaps existed, the
guidelines reflect consensus among experts in the field. The result is a framework to aid in this process of managing patients
with RLQ pain across various clinical scenarios while addressing current questions and controversies, particularly those most
relevant to the Canadian healthcare system.

Résumé

En 2023, la Société canadienne de radiologie abdominale (CSAR) et la Société canadienne de radiologie d’urgence, de
traumatologie et de soins actifs (CETARS) ont recu des commentaires de la part de membres de I'’Association canadienne
des radiologistes (CAR). Ceux-ci considérent qu’il existe un besoin éducatif non satisfait en matiére d’orientation liée aux
examens par imagerie de la douleur abdominale dans le quadrant inférieur droit (RLQ). Les membres ont demandé des
conseils précis sur la maniére de traiter des scénarios controversés, notamment a propos du choix du test a prescrire,
des spécificités des protocoles d’imagerie et de la prise en charge des patientes enceintes souffrant de douleurs dans le
RLQ, le tout d’un point de vue canadien. Aprés avoir procédé a une analyse exhaustive des articles scientifiques publiés,
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le groupe de travail a convenu que I'élaboration d’un ensemble de lignes directrices propres au Canada était justifiée. Les
recommandations de prise en charge présentées dans ces lignes directrices ont été discutées en groupe afin qu’un consensus
d’experts soit obtenu. Comme le bilan diagnostique de la douleur dans le RLQ peut varier considérablement chez les enfants,
le champ d’application de ce document a été limité aux adultes (personnes dgées de |8ans ou plus). Dans la mesure du
possible, les meilleures données probantes ont été utilisées afin d’étayer les orientations cliniques et, en cas de lacunes, les
lignes directrices reflétent le consensus des experts dans ce domaine. Il en résulte un cadre visant a faciliter le processus de
prise en charge des patients souffrant de douleur dans le RLQ, et ce, selon divers scénarios cliniques. De plus, des questions
et controverses actuelles y sont abordées, en particulier celles qui sont les plus pertinentes pour le systéme de soins de

santé canadien.
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Introduction

In 2023, the Canadian Society of Abdominal Radiology
(CSAR) and Canadian Emergency, Trauma, and Acute Care
Radiology Society (CETARS) received Canadian Association
of Radiologists (CAR) member feedback that there was an
unmet educational need for guidance in the imaging investi-
gation of right lower quadrant (RLQ) pain. There were spe-
cific requests to provide recommendations on how to handle
controversial scenarios such as which test to order when, spe-
cifics of imaging protocols, and managing pregnant patients
who have RLQ pain—all from a Canadian perspective. The
CAR Right Lower Quadrant Pain Working Group was formed
to address this request and consisted of members of the CSAR
and the CETARS from a variety of practice settings across
Canada. The group conducted an exhaustive literature review,
including a review of the American College of Radiology
Appropriateness Guidelines, and concluded that a Canadian-
specific set of guidelines was warranted.! All management
recommendations were discussed as a group to achieve expert
consensus. As the workup for RLQ pain can vary consider-
ably in the paediatric population, the scope of this paper was
restricted to adults (18 years of age or older).?

While the recommendations presented are based on the
best available scientific evidence, there are some significant
gaps in the literature, particularly pertaining to the Canadian
experience and resource limitations. As a result, these guide-
lines reflect consensus recommendations rather than a fully
evidence-based standard of care.

Scope of the Problem and Overview

Approximately 5% to 10% of emergency department (ED)
patients present with abdominal pain, and almost half of those
patients will have RLQ pain.>* Just under half of all patients
with abdominal pain in the ED will undergo ultrasound (US)
or computed tomography (CT), and the use of diagnostic
imaging in this setting increased 6-fold from 1992 to 2007.

Due to the availability of diagnostic imaging, 8 out of 10
patients presenting to the ED with abdominal pain receive a
specific diagnosis.

There are several potential causes of RLQ pain, and these
can be categorized by organ system (Table 1).!%57 In female
patients, it is vital for the ordering clinician to perform a com-
prehensive physical examination in order to differentiate pel-
vic from RLQ pain, as this will significantly impact the choice
of investigations. Key clinical information should be readily
available so that the consultant radiologist may triage patients
and select the appropriate study and protocol. Requisitions
should indicate the patient’s age, sex (and, if applicable, preg-
nancy status), the location of the pain (including if it has
migrated), relevant past medical and surgical history, other
ancillary findings such as fever, elevated white blood cell
count, and urinalysis results.

The remainder of the paper will provide guidance on the
following: (1) selecting the best imaging modality for specific
clinical scenarios, (2) recommended imaging protocols, and
(3) specific guidance for imaging pregnant patients.

The authors would like to express their acknowledgement
and respect for all gender identities while clarifying the termi-
nology used. In this article, the term “female” is employed to
signify patients with internal gynaecologic organs for ease of
reference, with no intent to disrespect or overlook individuals
across the diverse spectrum of gender identities.

What to Order When

Imaging patients with RLQ pain should lead to a confident
early and definitive diagnosis and help eliminate alternative
diagnoses with high accuracy. There is an increased cost and
ED length-of-stay when more than one imaging modality is
used,® and it is thus ideal to perform the highest-yield test to
make the correct diagnosis first, without further testing. A
rapid and accurate diagnosis can prevent substantial morbid-
ity and reduce overall health system costs. After-hours avail-
ability of skilled US technologists and radiologists may be
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Table 1. Causes of Right Lower Quadrant Pain by Organ System.

Organ system Potential diagnoses

Intestinal Appendicitis

Appendiceal mucocele or neoplasm

Right-sided colonic or small bowel
diverticulitis

Colon or small bowel carcinoma

Bowel obstruction

Hernia

Inflammatory bowel disease or other
enteritis/colitis

Intussusception

Cecal volvulus

Intestinal ischaemia

Neutropenic enterocolitis

Fecal retention

Irritable bowel syndrome

Renal colic

Pyelonephritis/ureteritis

Pelvic inflammatory disease

Ovarian torsion

Ovarian cyst

Ectopic pregnancy

Endometriosis

Testicular pathology in men (eg,
torsion, orchitis)

Omental infarct

Epiploic appendagitis

Mesenteric adenitis

Metastatic disease

Abdominal wall haematoma

Abdominal wall infection

Muscular sprain/injury

Ruptured aneurysm (eg, iliac)

Gonadal vein thrombosis

lliac venous thrombosis

Urinary

Gynaecologic

Mesentery, omentum,
and peritoneum

Musculoskeletal

Vascular

dependent on local availability, and expertise but is pivotal
when making a choice of modality.

Ultrasound

US is a widely available imaging modality at most institutions.
It is a relatively inexpensive, non-invasive method of investigat-
ing RLQ pain, with the added advantage of avoiding ionizing
radiation. As an operator-dependent test, variable sensitivities
and specificities have been reported for the diagnosis of acute
appendicitis (sensitivity of 76%-90% and specificity of 83%-
100%).%1° The rate of appendix visualization is also reported to
be both sonographer and radiologist-dependent,'! with incon-
clusive results in 15% to 84% of cases.'*!* Knowledge and
awareness of local expertise is therefore necessary when consid-
ering US in the context of acute RLQ pain and suspected appen-
dicitis. If local technologists and radiologists are less proficient
in performing these studies and making the diagnosis, CT may
be a more appropriate alternative.

If RLQ US is available and rapidly accessible, it should be
considered a first-line modality for patients <30years old

with a body mass index (BMI) <25. Using a cut-off of
30years of age minimizes radiation exposure in younger indi-
viduals but may increase the number of patients requiring a
second test. The Working Group reached a consensus that for
the Canadian population, the relatively higher degree of intra-
peritoneal fat in most patients over the age of 30 favours the
use of CT over US. A BMI less than or equal to 25 is specified
to maximize the likelihood of obtaining a conclusive result.'
If gynaecological pathology is a primary diagnostic consider-
ation in a female patient, US is the test of choice regardless of
age/BMI, as it can be tailored to include both RLQ and pelvic
assessment, including endovaginal sonography. US may also
be considered in patients who have had multiple prior CT
studies in order to minimize the cumulative radiation dose.!®

The above scenario (BMI <25, age <30years old)
becomes less relevant when comorbidities are present. For
example, if the patient has an oncological history or sus-
pected complications from another known pathology (eg,
inflammatory bowel disease), CT would be the preferred
first-line modality.

Computed Tomography

In all other non-pregnant patients with undifferentiated RLQ
pain or for those with an inconclusive US study, CT is the
most appropriate imaging modality. Diagnostic yield with CT
is excellent and it provides a survey of all relevant anatomy,
assessing for the primary suspected pathology as well as any
alternative diagnoses.!” Intravenous (IV) iodinated contrast is
usually recommended unless contraindicated (see next sec-
tion).'®!® The sensitivity and specificity of CT for diagnosing
acute appendicitis are high (sensitivity 95% (95% confidence
interval [CI]: 0.93-0.96) and specificity 94% (95% CI: 0.92-
0.95)).'® The use of CT has been associated with a significant
decrease in the negative appendectomy rate.?’

Magnetic Resonance Imaging

Magnetic resonance imaging (MRI) is generally reserved for
pregnant patients and will be addressed last in the guideline.
MRI does not offer any significant improvement in sensitivity
or specificity for the diagnosis of acute appendicitis over non-
contrast CT,>' and considering access challenges and exam
length, there is little role for MRI in the initial diagnosis of
RLQ pain. MRI should generally be reserved as a problem-
solving modality, acknowledging that some centres with
greater access to the modality may elect to perform MRI in
carefully selected young patients after a nondiagnostic US.

Practice Point: If easily accessible with adequate local
expertise, US is the first-line imaging modality in female
patients where gynecologic pathology is clinically sus-
pected and should be considered as the first-line modality
for patients under the age of 30 with a BMI <25. Otherwise,
CT should be the first-line imaging test unless the patient
is pregnant (Figure 1).
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Figure |. Right lower quadrant pain imaging modality algorithm.

Imaging Protocols

Ultrasound

In EDs, imaging may be used to triage patients prior to assess-
ment by an emergency physician. Although a requisition may
indicate a presumptive diagnosis of acute appendicitis, these
clinical histories are often recorded before completing a phys-
ical examination and obtaining laboratory results. It cannot be
assumed that other diagnoses have been adequately excluded.
When US is used as a first line modality for assessment of
RLQ pain, the expert panel therefore recommends that a com-
prehensive, rather than targeted, US be performed. This
should include evaluation of the following abdominal and
pelvic structures: liver, gallbladder, kidneys, pancreas, RLQ/
appendix, bladder, ureterovesical junctions, gynaecologic
organs in female patients, and hepatorenal recess/pelvis for
free fluid assessment.

Pelvic US should be performed with a full bladder to opti-
mize evaluation of the gynaecologic organs. A curved 3 to
SmHz transducer is recommended for global assessment,

followed by targeted assessment using a higher frequency linear
transducer (10-12mHz). Both transabdominal and transvaginal
US should be performed in all eligible female patients of repro-
ductive age.

Graded compression US is advised as part of the standard
protocol for assessing RLQ pain, with detection of the appen-
dix reported in 60% to 83% of patients.?? The technique simu-
lates deep abdominal palpation by using the transducer and
operator’s hands to apply pressure, displacing organs during
exhalation.

Self-localization by the patient to the area of maximum
tenderness can be very useful in the diagnosis of acute appen-
dicitis and is also recommended as part of the focused
technique.?

Practice Points: US for the workup of RLQ pain should be
performed as a comprehensive examination evaluating
not only the RLQ/appendix, but also the pelvic and
remaining solid organs. Endovaginal scanning should be
performed in female patients.
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Computed Tomography

IV contrast-enhanced CT of the abdomen and pelvis is recom-
mended as the first-line study for the evaluation of RLQ pain
in most patients. A systematic review including 64 studies and
10280 patients showed improved sensitivity with IV contrast-
enhanced CT imaging (96% [92%-98%]) over noncontrast
CT (91% [87%-93%]) for the diagnosis of appendicitis.'® In
cases where there is an absolute contraindication to IV con-
trast, such as prior severe allergic reaction or high risk of
contrast-induced nephropathy, noncontrast CT may be the
only option, but the diagnostic performance is still reason-
able, with a sensitivity of 86% to 95%, and specificity of 92%
t0 97.5%.%4%

Routine administration of oral contrast in CT evaluation
of RLQ pain is not recommended. A systematic review
including 23 studies and 3474 patients comparing CT per-
formance with and without oral contrast showed similar sen-
sitivities (92% vs 95%, respectively) and specificities (94%
vs 97%, respectively) between both protocols.?® Many pro-
spective and retrospective studies have also shown that oral
contrast does not increase diagnostic performance, and
repeat CT with oral contrast was only necessary in 0.2% of
cases.”””? Foregoing the administration of oral contrast
allows for a more timely diagnosis, avoids unnecessary
delays in treatment, and discomfort in patients presenting
with RLQ pain.?”3°

The routine administration of rectal contrast in CT evalua-
tion of RLQ pain is not indicated. A prospective multicentre
study including 56 hospitals and 8089 patients undergoing
nonelective appendectomy found similar radiology-pathol-
ogy concordance rates between IV contrast-enhanced CT and
IV contrast-enhanced CT with enteral (oral and/or rectal) con-
trast.?” Furthermore, rectal contrast administration requires
rectal catheterization, which is often an uncomfortable proce-
dure for both patients and CT technologists.’!

In young patients for whom radiation exposure is of
concern, low-dose CT (LDCT) with IV contrast may be
performed to evaluate for RLQ pain. Single-centre and
multicentre randomized-controlled trials including 891 and
3074 patients aged 15 to 44 years presenting with suspected
appendicitis found that contrast-enhanced LDCT (2 mSv)
was noninferior to contrast-enhanced standard-dose CT
(3-8 mSv) and both modalities had similar negative appen-
dectomy rates and diagnostic performance.’?* However, it
is worth noting that less than 5% of the studied patient pop-
ulation had a BMI over 30.3233 Although image degradation
due to noise can be of concern when scanning obese patients
with a low-dose protocol, increased intra-abdominal fat
may conversely help visualize the appendix in these
patients.’> LDCT can be obtained through various methods,
such as by decreasing the tube current (mA), increasing the
degree of iterative or deep-learning based reconstruction,
or altering the noise index of the acquisition. However,

before implementing LDCT in the clinical setting, consul-
tation with local medical physicists and application special-
ists is recommended to build a low-dose protocol that best
suits each institution’s CT scanner. It is more important to
obtain a confident diagnosis of appendicitis than to obtain a
small reduction in ionizing radiation at the expense of CT
sensitivity and specificity.

Limited field-of-view (FOV) CT covering only the pelvis
is not recommended as first-line imaging for the evaluation of
RLQ pain. Retrospective studies evaluating pelvic CT below
the iliac crests showed missed alternative diagnoses in 16% to
26% of patients presenting with suspected appendicitis.’*3
Sensitivity for limited FOV pelvic CT was found to be sig-
nificantly lower than that of full-range CT (88% vs 99%,
P <.05).3* However, a limited FOV CT may be considered in
young patients who have already undergone full abdominal-
pelvic US imaging to exclude alternative diagnoses.
Retrospective studies showed that reducing scan range to
cover the superior vertebral endplate of L2 to the superior
border of the pubic symphysis is adequate to fully visualize
the appendix in patients who had previously undergone
inconclusive US for suspected appendicitis.*®¥ Limiting the
scan range from the superior vertebral endplate of L1 to the
inferior border of the pubic symphysis can also reduce total
effective radiation dose by 39%.%

Shielding of radiosensitive organs during CT examina-
tions is no longer recommended.***° Proper placement of
contact shields is difficult. They can often migrate or become
misplaced, which leads to suboptimal dose reduction.’*#
Incorrect placement of shields can even lead to increased
radiation exposure if obscured anatomy warrants repeat imag-
ing, or when the shields are detected by automatic exposure
control systems, which results in unwanted increases in radia-
tion output.3*** Contact shielding is also inefficient against
radiation from internal scatter, a substantial source of radia-
tion from CT imaging.>**’ Furthermore, other advancements
in CT technology have allowed for significant dose reduction
while maintaining image quality without the use of shields.?

Multi-energy CT (MECT) is a CT technique that acquires
images using photon spectra of different energy levels to
allow for the characterization and differentiation of various
tissues, including calcium and iodine.*! The terms multi-
energy CT, dual energy CT, and spectral CT are often used
interchangeably. In abdominal imaging, MECT can be used
to differentiate well-perfused bowel wall from necrotic
bowel-wall by identifying iodine in the wall or by making it
more visually conspicuous.*! A retrospective study found that
gangrenous appendicitis can be distinguished from uncompli-
cated appendicitis using beams at 80 to 100kVp and 140 to
150k Vp.**2 Potential drawbacks of MECT include difficul-
ties in maintaining dose-neutral radiation exposure compared
with standard single-energy CT, restrictions in pitch with cer-
tain manufacturers, increased number of images, storage
requirements, more complex post-processing, and increased
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Table 2. Recommended MRI Sequences for Assessment of RLQ Pain in Adult Patients.

Sequences Protocol recommendation Details and rationale
Minimum required e Initial acquisition: Thick section (5-8 mm) e Coverage: abdomen and pelvis or pelvis only,
axial and coronal T2 SSFSE or HASTE depending on patient presentation
e To localize area of pain, locate position of the
appendix
e Thinner section (3-5mm) T2 SSFSE/ ¢ Radiologist should review initial images before
HASTE images in multiple planes planning thin section sequences
e For detailed assessment
e Frequency-selective fat saturated T2- e Detection of inflammatory changes and/or oedema
weighted sequence in one plane
Recommended, but e DWI/ADC with highest b-value =800 e Increased conspicuity of inflammation/oedema
not required
Optional e Gadolinium-enhanced, multiphasic T |- Assess appendix wall and periappendiceal soft tissues

weighted 3D spoiled-gradient echo with .

fat saturation

Avoid gadolinium in pregnancy (category C drug)

interpretation times.** Therefore, in institutions that have not
already adopted MECT as the standard emergency abdominal
CT acquisition technique for other reasons, MECT is not spe-
cifically recommended for the evaluation of RLQ pain.

Practice Points: CT for RLQ pain should be performed
with iodinated I'V contrast. Oral and rectal contrast is not
recommended. Low-dose and limited FOV CT can be
used judiciously when minimizing radiation exposure is a
particular concern (limited FOV CT only after a full US).
Shielding is not recommended.

Magnetic Resonance Imaging

Recognizing the challenge of appendix non-visualization, a
combined approach using different imaging modalities may
be necessary for a confident diagnosis in some patients, pre-
dominantly pregnant patients. Vasileiou et al** found that in
pregnancy, a combination of abdominal US and MRI was
most commonly performed (41%), followed by MRI alone
(29%), US alone (22%), CT (5%), and no imaging (2%).

When MRI is performed for RLQ pain, the expert panel
recommends use of a phased-array body coil due to its supe-
rior signal-to-noise ratio (SNR) relative to the built-in body
coil. Antiperistaltic medication such as hyoscine (20mg IM
or IV) has been used in eligible patients to reduce artifacts
arising from bowel peristalsis. As there is limited data on the
use of hyoscine and other antiperistaltic agents during preg-
nancy and lactation, it is preferable to avoid its use as a pre-
cautionary measure. A 1.5T field strength is preferred, as
lower field strengths are less susceptible to artifacts from
enteric gas, motion, and peristalsis compared to 3T.

The expert panel MRI protocol recommendations are
listed in Table 2.

The use of abbreviated MRI protocols is becoming more
common in abdominal imaging to reduce imaging and inter-
pretation time. In a prospective study of 67 patients with clin-
ical suspicion of acute appendicitis, Islam et al*® used an

abbreviated protocol consisting of axial and coronal T2WI
SSFSE/HASTE (3 mm slice thickness) and axial DWI, and
found a sensitivity of 93.3%, specificity of 86.4%, and diag-
nostic accuracy of 91.0%. Mian et al*® also found that abbre-
viated protocols consisting of HASTE and DWI images
reduce imaging and interpretation times in the diagnosis of
acute appendicitis, with similar accuracy to a full protocol.

Practice Points: Multiplanar single-shot fast spin echo
T2-weighted sequences should form the basis of any MRI
protocol for acute appendicitis.

Right Lower Quadrant Pain in
Pregnancy

Clinical Context

The overall prevalence of appendicitis during pregnancy is
0.001% to 0.004%.” Widespread use of imaging has reduced
the rate of negative laparotomy to 1% to 3% versus 25% to
30% historically.!” Unfortunately, more than 15% to 30% of
patients who undergo an appendectomy, specifically in the
second and third trimester, still have a normal appendix.*$4°
This is not inconsequential, as laparotomy increases the risk
of pre-term delivery and is associated with surgical complica-
tions. Conversely, the risk of appendiceal perforation is
increased to 66% in the setting of a delayed diagnosis which
can result in an increased risk of fetal loss and maternal mor-
tality if left untreated for >24 hours.>® The rate of fetal loss
increases from 2% when appendicitis is unruptured to >30%
when the appendix has ruptured.>!-3

Imaging Issues Specific to Pregnancy

There is an anatomical alteration in the location of the appendix
during pregnancy arising from anterior and superior peritoneal
displacement. Presenting symptoms may be vague and non-
specific. When coupled with a limited physical examination
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and an atypical location of pain, the diagnosis may be delayed
or confounded. Moreover, physiological elevation of the white
blood cell count and C-reactive protein during pregnancy can
further lead to misinterpretation.>* US can be sensitive when
performed by experienced sonographers, but is operator depen-
dent (sensitivity 56% and a specificity of 88%).3% As the appen-
dix displaces cranially during the third trimester and bowel
loops are compressed against each other, locating the appendix
becomes increasingly difficult as the pregnancy progresses. US
remains the first line test as it has reasonable performance char-
acteristics, is free of ionizing radiation and can offer alternate
diagnoses in the setting of acute pain. Several studies have
shown that MRI in pregnancy has a sensitivity and specificity
for detecting appendicitis of up to 100% and 94% to 100%,
respectively™>¢38 A systematic review and meta-analysis of 19
studies reinforced these findings by demonstrating a sensitivity
and specificity of 91.8% and 97.9%, respectively.®® This accu-
racy was also replicated by readers with variable experience
who achieved an accuracy of 99.8% and positive predictive
value of 100% for the presence of acute appendicitis.®

Consent

Guidelines vary with regards to consent and may vary
between jurisdiction and regulatory bodies. The Working
Group agrees with the ACR that consent may be either verbal
or written but should be documented. The latter should be
uploaded either as an attachment to PACS or within the elec-
tronic patient medical record. An example of wording that
could be used in a consent form is given in Appendix A.

Practice Points: Either verbal or written consent for MRI
should be documented in the medical record.

Technique

The MRI technique in pregnancy has been previously
described, but several key points should be reinforced. In the
pregnant population, the use of gadolinium is not recom-
mended unless absolutely necessary for acquiring informa-
tion that cannot be otherwise obtained and if its use would
meaningfully alter management (which is typically unlikely).
Although there are no documented adverse outcomes associ-
ated with MRI in any trimester of pregnancy at 1.5 or 3T,
most recommend using 1.5T in the first trimester if
both field strengths are available. Given this, and owing to
increased susceptibility artifacts at 3T, the Working Group
recommends that all pregnant patients be scanned at 1.5T if
possible. There is insufficient evidence at this point to recom-
mend scanning at a field strength of <1.5T. Specific absorp-
tion rate (SAR) and energy deposition are a theoretical
concern, but sequence parameters and radiofrequency pulse
design will automatically adjust to lower SAR on modern
scanners.®’ DWI can increase the sensitivity of MRI in the
detection of the appendix and specifically has increased

potential to improve performance in the novice or less sub-
specialty trained reader, at the expense of increased SAR.%62

Practice Points: MRI in pregnancy should be performed
on a 1.5T scanner without gadolinium.

Which Modality and in Which Order?

Data on the modality and ideal order of investigations remains
anecdotal, but outside the confines of academic institutions
and larger communities, the availability of MRI to image
pregnant patients urgently is limited in Canada. US is widely
used as the first line of imaging in pregnant patients with an
acute abdomen as it is inexpensive, portable, free of ionizing
radiation, reasonably sensitive, and specific in experienced
hands.® As previously stated, the sensitivity of US is adversely
affected by bowel gas, body habitus, pain, and displacement of
normal anatomy by the gravid uterus—all of which become
more problematic as a pregnancy advances. Higher rates of
inconclusive results (up to 63%-97%) have been reported after
24weeks of gestation®% compared to the first trimester
(26%).%4 This finding has led some institutions to advocate for
noncontrast MRI of the abdomen as an initial modality of
investigation in pregnant patients with suspected acute appen-
dicitis.®® This approach remains limited to centres with stream-
lined access to MRI and radiologist expertise to interpret the
studies. However, the current reality in Canada is that few cen-
tres can provide this option. Despite demonstrating mediocre
accuracy in later trimesters, it is the opinion of the Working
Group that US should always be performed prior to MRI given
the ease of access and relative complexity of arranging MRI in
most emergent settings.®%’ In most Canadian institutions,
even if an MRI is requested, an US could be performed in the
time it takes for the scan to be arranged.

Given the ionizing radiation involved with CT, this should
be an option of last resort except in cases of a trauma-related
RLQ pain in pregnant patients,®*% as supported by the
European Society of Urogenital Radiology (ESUR) and ACR.
There is a role for low-dose CT if MRI is unavailable or inac-
cessible (also supported in this setting by ESUR recommen-
dations), but there is no consensus on the specific LDCT
protocol. Low-dose CT is non-inferior to conventional dose
CT in the imaging of both gravid and non-gravid patients.’>%3
In one study, low-dose CT was able to confirm or rule out the
diagnosis of appendicitis, or provide an alternate explanation
for RLQ pain in 83% of the patients scanned.®® That said, the
Working Group feels it is more important to establish a defin-
itive diagnosis than obtain a technically suboptimal scan
which could be both non-diagnostic and delay care for further
downstream testing. We recommend that departments work
collaboratively with their medical physicist and CT vendors
(and respective application specialists) to use as much itera-
tive or deep-learning reconstruction as possible to minimize
dose while maintaining study quality. If a CT is performed,
iodinated IV contrast should be considered (unlike
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gadolinium-based contrast agents, iodinated contrast agents
are not contraindicated in pregnancy).

Practice Points: All pregnant patients with RLQ pain
requiring imaging should undergo US first (Figure 1).
MRI is recommended as the next modality of choice for
problem-solving. CT should be reserved for when MRI is
unavailable or in trauma-related RLQ pain, and IV con-
trast is recommended in most cases. While low-dose CT
acquisition is desirable, the main goal is to establish a
definitive diagnosis and the accuracy of the test should not
be compromised by an excessively low dose if the provid-
ing centre is not experienced with such techniques.

The Role of Specialist Consultation: When and
Whom?

There is no clear consensus on when to include a specialist con-
sultation in the management of pregnant patients presenting
with RLQ pain. The European Association for Endoscopic
Surgery rapid guideline recommends operative treatment over
conservative management in pregnant patients with compli-
cated appendicitis or appendicoliths on imaging studies (strong
recommendation) and suggests operative treatment over con-
servative management in pregnant patients with uncomplicated
appendicitis and no appendicolith on imaging studies (weak
recommendation).”’ Extrapolating from these guidelines and
based on consensus opinion, we suggest early involvement of a
surgical consultant in the pregnant patient presenting with RLQ
pain. The specific surgical specialty needed can be guided by
first- or second-line imaging findings and early emergency
medical workup. Consultation could be obtained as early as
after first-line US evaluation, even if equivocal, and either MRI
(preferred) or CT (last resort) are required to navigate decision-
making with the management plan in mind well in advance.
This can also assist in the best approach to patient counselling
and guidance in informed decision-making.

Practice Points: Surgical consultation is recommended
prior to MRI or CT evaluation of pregnant patients with
RLQ pain.

Conclusion

The evaluation of patients with RLQ pain should be geared
towards timely diagnosis with minimal testing to reduce patient
morbidity and healthcare costs. The Working Group has pro-
vided a framework to aid in this process for various clinical sce-
narios and has addressed current questions and controversies,
particularly those relevant to the Canadian healthcare system.

Appendix A
Sample Consent Form for MRI in Pregnancy

Your doctor has referred you for an MRI examination during
your pregnancy.

To date, there is no evidence that the use of MRI on patients
in pregnancy causes any harm to the mother or fetus, but MRI
has not been declared absolutely safe in pregnancy by Health
Canada or the U.S. Food and Drug Administration due to the
lack of long-term, large-scale data. The American College of
Obstetrics and Gynecology has issued a statement recom-
mending that MRI be performed in pregnancy when it may
provide medical benefit and that it should not be considered
associated with risk.

The MRI scanner can be quite loud, but your body will
protect the fetus from the sound and there is no evidence that
it will affect the hearing of your unborn child. The MRI scan-
ner uses magnetic fields and radio waves to take pictures and
does not use X-rays. The radio wave energy used in MRI can
potentially warm up tissues in the body, so we will limit the
amount of energy you receive and monitor this energy to
ensure it remains at low levels. We will not be using intrave-
nous contrast for this MRI.

Consent to Proceed With Examination

My doctor is aware of my pregnancy, and I have read the
above information and agree to proceed with my MRI
examination.

Signature of Patient and Date
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