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Introduction
	 Abdominal pain in pregnancy is a common presenting symptom 
in the emergency setting. Several causes of abdominal pain can occur 
in pregnant women including gynecologic, gastrointestinal, hepato-
biliary, and genitourinary pathologies. During pregnancy, an early 
diagnosis of the underlying cause of abdominal pain is more difficult 
because of several confounding factors related to normal changes oc-
curring during gestation such as nonspecific leukocytosis, displace-
ment of abdominal and pelvic structures from their normal locations 
by the enlarged gravid uterus and a difficult abdominal examination. 
In addition, clinical symptoms such as nausea and vomiting, are 
vague and nonspecific. Conditions causing abdominal pain can range 
from self-limiting diseases to severe complications associated with 
maternal and fetal morbidity/mortality requiring prompt surgical in-
tervention. Although Ultrasound (US) remains the first-line imaging 
modality, Magnetic Resonance Imaging (MRI) is gaining favor in the 
emergent setting due to its increased diagnostic accuracy, relatively 
quick acquisition time and excellent safety profile. This review dis-
cusses the role of MR imaging in evaluating the common obstetric 
and non-obstetric causes of acute abdominal pain in pregnant women.

Search Criteria and Study Selection
	 Based on the above assumptions, a structured search using 
PubMed database was performed from December 2021 and includ-
ed all relevant original articles and reviews, published in and after 
2010. The search used the following key word combinations: [(MRI) 
OR (Magnetic Resonance Imaging)] AND [(OBSTETRIC) OR 
(PREGNANCY) OR (PREGNANT)] AND [(EMERGENCY) OR 
(URGENCY)] (n=850), also combined, depending on the specific do-
main of interest, with [(APPENDICITIS)] (n:135); [(CROHN)] AND 
[(Inflammatory bowel disease) OR (IBD)] (n:17); [(OVARIAN) OR 
(OVARY) OR (ADNEXAL) OR (ADNEXA)] AND [(TORSION)] 
(n:104); [(PYELONEPHRITIS)] (n:16); [(NEPHROLITHIASIS)] 
(n:13); [(CHOLECYSTITIS)] (n:19); [(PANCREATITIS)] (n:118); 
[(Uterine rupture)] (n:26); [(ECTOPIC)] (n:332). All papers pub-
lished on human subjects were included. Citations and references of 
the retrieved studies were used as additional sources. These were then 
evaluated for their content and relevance to this review article; edito-
rial comments, conference abstracts and short communications were 
excluded. Studies concerning MRI technical development were in-
cluded. Ultimately, 137 articles were deemed relevant and used as the 
literature basis of this review. With reference to these papers data, the 
purpose of this review is to summarize the most common pathological 
causes of abdominal pain in pregnant women, discussing the role and 
support of MR imaging in an emergency setting.

MR Imaging -Safety and Protocol
	 Magnetic Resonance Imaging has proven to be an excellent mul-
tiplanar imaging technique in the pregnant patient with acute abdom-
inal and pelvic pain, because of the absence of ionizing radiation  
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Abstract
	 Acute abdominal pain in pregnancy is a common presenting 
symptom in the emergency setting, often requiring a quick imaging 
diagnosis to exclude etiologies associated with high maternal and 
fetal morbidity/mortality and guide proper patient management. Al-
though US is the first-line imaging modality, many of the common 
causes of acute abdominal pain in pregnancy are not readily diag-
nosed sonographically. The current ACR guidelines asserts the gen-
eral safety of MR imaging in pregnant women, but its use should be 
limited to cases of inconclusive Ultrasound (US) findings or unclear 
differential diagnosis. With the aim to discuss the most common 
causes of abdominal pain in pregnant women and the role of MR 
imaging in an emergency setting, a structured search using PubMed 
database was performed including all relevant original articles and 
reviews published during 2010-2022. In general, studies show that 
MRI of pregnant women with abdominal pain is increasingly used 
in emergency setting as a useful diagnostic tool because its safe-
ty profile and greater diagnostic accuracy than US. As a result of 
the rapid technical development of ultrafast sequences, acquisition 
times have been significantly reduced making the use of MR more 
feasible. Finally, MRI represents a valuable problem-solving tool and 
can also improve patient care and reduce the number of unneces-
sary surgical procedures.
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exposure and excellent imaging quality for soft tissue contrast. To 
date, there are no specific contraindications to the use of MRI in preg-
nant patients. The American College of Radiology (ACR) guidelines 
asserts that MR examination of the pregnant women is generally safe 
to both fetus and mother, in any stage of pregnancy. Nevertheless, 
the use of MRI should be limited to cases of inconclusive Ultrasound 
(US) findings or unclear differential diagnosis, always evaluating 
the potential risk against the benefit of MRI in the pregnant patient 
[1]. Potential negative effects of MRI result from heating of the fetus 
and amniotic fluid due to the use of radiofrequency pulses. However, 
Specific Absorption Rate (SAR, a measure of the Radio Frequency - 
RF- energy deposition, defined as power absorbed per unit mass of 
the tissue, expressed in W/kg) is typically monitored and kept below 
the threshold necessary increase fetal temperature to potentially tera-
togenic levels. Studies have not found harmful effects on pregnant 
women or the fetus: a recent study by Ray JG et al., compared the 
effects of MRI exposure in pregnancy with no exposure and noted 
no increase in harm to the fetus or in early childhood [2]. In addition, 
recent research has shown that also 3T-scan can be performed safely 
using a very low SAR [3]. The MRI protocol for acute abdominal 
pain during pregnancy involves the use of sequences that minimize 
motion artifacts due to respiration and fetal movements. Examination 
time should be optimized and minimized retaining diagnostic accura-
cy. Most abbreviated MRI protocols use a combination Single-Shot 
Fast-spin echo (SSFSE/HASTE [half-Fourier acquisition single-shot 
turbo-spin echo]) and T2-weighted (T2W) fat-saturated sequences in 
all three planes, along with axial gradient-echo T1-weighted in-phase 
and out-of-phase sequences, without IV contrast, patient preparation, 
or antiperistaltic agents shortens the examination duration [4]. The 
need for additional sequences can be decided based on the real-time 
imaging results. For example, Diffusion-Weighted Sequences (DWI) 
may be needed to diagnose inflammatory conditions such as appen-
dicitis or crohn’s disease [5]. Gadolinium-based contrast agents in 
pregnancy is considered a category C drug, with teratogenic effects 
having been demonstrated in animals without any definite effects on 
human fetuses [6]. According to current ACR guidelines, Intravenous 
(IV) gadolinium should not be routinely used in pregnancy, as gado-
linium-based contrast agents have been shown to cross the placental 
barrier with theoretic adverse effect on fetal development [1,7]. The 
decision to administer gadolinium IV in pregnancy should be consid-
ered only in very select situations and only after carefully balancing 
the risk and potential benefit.

Non-Obstetric Pathologies
Appendicitis

	 Acute appendicitis is the most common non-obstetric surgical dis-
ease during pregnancy. The incidence is estimated at 1 in 500 to 1 in 
635 pregnancies per year [8-10]. The clinical diagnosis of appendici-
tis is more difficult during pregnancy for several reasons: the appen-
dix is often displaced from the right lower quadrant due to the en-
larged gravid uterus, and mild leukocytosis can be physiologic during 
pregnancy. Early identification and operative management are critical 
in pregnant women because of a higher rate of perforation and asso-
ciated complications, which can also result in premature labor, fetal 
morbidity, and mortality [9,11,12]. In addition, incorrect preoperative 
diagnosis results in unnecessary operations [13]. According to Amer-
ican College of Radiology (ACR) criteria, Ultrasound (US) remains 
the first-line imaging modality in cases of suspected appendicitis 
during pregnancy [14]. However, it is operator dependent and often  

has limited diagnostic accuracy because of the difficulty in visualiz-
ing the appendix due to the upward displacement of pelvic structures 
by the gravid uterus. In this context, the use of MRI is the preferred 
imaging modality for the diagnosis of indeterminate cases of appen-
dicitis, allowing better visualization of the appendix than US [15-18]. 
Several studies have confirmed the excellent diagnostic performance 
of MRI proposing it as first-line imaging technique, especially when 
US findings are equivocal [19-25]. A meta-analysis study reported 
that the sensitivity and specificity of MRI for the diagnosis of acute 
appendicitis were 96% (95% CI 95%-97%) and 96% (95% CI 95%- 
97%), respectively. In a subgroup of pregnant patients, the sensitivity 
and specificity of MRI were 94% (95% CI 87%-98%) and 97% (95% 
CI 96%-98%), respectively [26]. A large study cohort on 204 preg-
nant patients with suspected appendicitis confirms MRI to be of high 
diagnostic value in the workup of acute appendicitis with 100% Neg-
ative Predictive Value (NPV) and sensitivity and 99.5% specificity 
[27]. Last not least, MRI significantly reduces the rate of unnecessary 
operations and surgery overall in pregnant women [20,28]. Studies 
showed that the routine use of MR imaging into the clinical workup 
for suspicion of appendicitis in pregnant patients was associated with 
a decrease in the Negative Laparotomy Rates (NLR) of 47% [29,30].

	 On MRI, acute appendicitis appears as an increased size appendix 
filled with fluid, 7 mm or more in diameter, and associated peri-appen-
dicular inflammation. Other typical findings include wall thickening 
(>2 mm), hyperintense T2 appearance of the appendix lumen due to 
fluid or edema, and absence of blooming. Fat-suppressed T2-weight-
ed and Diffusion-Weighted Imaging (DWI) are useful sequences to 
diagnose inflammation of the appendix and peri-appendicular fat. An 
appendicolith appears hypointense on all sequences (Figure 1). Asso-
ciated abscess formation would appear as a well-defined T2 hyperin-
tense fluid collection [7,9-11,31]. Colonic stool potentially be used 
as a natural positive contrast agent as it is characterized by relatively 
high signal on T1-Weighted Imaging (T1WI). The “T1 bright appen-
dix sign”, defined as an area of high linear signal intensity on T1WI 
filling the appendix, has been proposed as a specific finding useful 
for the detection of appendices and the diagnosis of a normal appen-
dix in pregnant women with suspected appendicitis [32,33]. With the 
aim of optimizing the MRI protocol, it was observed that the addition 
of coronal and sagittal SSH-TSE T2WI to the MR protocol did not 
improve the accuracy for the diagnosis of acute appendicitis in preg-
nant women, although its visualization could be improved by adding 
coronal images. From these results, if the radiologist can diagnose 
appendicitis on axial T2WI, coronal and sagittal images acquisition 
may be omitted, resulting in reduced scan time [34].

Inflammatory Bowel Disease (IBD) and Bowel obstruction

	 The bowel disorders causing acute abdominal pain most found 
in pregnancy are Inflammatory Bowel Disease (IBD) and bowel ob-
struction. The typical age of onset for IBD, with special regard to 
Crohn’s disease, is 15-30 years, therefore affecting young women 
during their childbearing period. Most pregnant women with IBD are 
diagnosed before pregnancy. There are no data to suggest that Crohn’s 
Disease (CD) is worse during pregnancy, and severe exacerbations of 
CD requiring acute surgery are rare. Literature also reports rare cases 
of Ulcerative Recto-Colitis (RU) complicated by toxic megacolon in 
pregnancy [35] (Figure 2). Surgical indications for a pregnant patient 
are similar with non-pregnant, and include hemorrhage, perforation, 
obstruction and abscess. The presence of active inflammatory also 
increase the risk of preterm delivery and decreased neonatal weight.  
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Inflammatory bowel diseases must be differentiated from other acute 
abdominal diseases in pregnancy and the diagnosis may often be de-
layed, especially if the patient has never been previously diagnosed 
with CD [36,37]. In cases strongly suspected for new-onset CD or an 
exacerbation of established CD, an accurate anatomical information 
and evaluation of CD complications is mandatory. Moreover, imag-
ing may be valuable in planning the mode of delivery, as cesarean 
section is usually recommended in patients with active perianal dis-
ease [38]. The terminal ileum is the most affected portion of the gas-
trointestinal tract: mural thickening, high signal intensity in the wall 
on T2-weighted images, and edema in the perivisceral fatty tissue is 
typical findings but may also be in appendicitis or ileitis (Figure 3). 
The presence of perianal disease including abscesses, fistulas, intesti-
nal stenosis, is a more specific diagnostic finding as well as a clue to 
cesarean delivery [5,11,39].

	 Bowel obstruction is another important cause of acute abdomi-
nal pain in pregnancy; when it caused by volvulus or internal hernia 
prompt surgical intervention is necessary to reduce maternal and fetal 
mortality and morbidity [40-42]. During pregnancy, the development 
of sigmoid volvulus can occur as result of a redundant or abnormally 
mobile sigmoid colon, displaced and led to twist around its point of 
fixation by the enlargement of the uterus. The high contrast resolu-
tion of MRI can detect typical findings suggesting the diagnosis of 
volvulus in pregnancy. The coffee bean sign is a common imaging 
finding typically encountered in sigmoid volvulus: it is represented 
by two closed and dilated apposed loops, recalling the appearance of 
a “coffee bean”. The split wall sign is another typical imaging finding 
due to the partial twisting of sigmoid loop: the intestinal walls are 
separated by adjacent mesenteric fat planes; a soft-tissue mass with 
a swirling internal architecture was identified, showing a whirl sign. 
Finally, MRI can be useful to characterize the etiology of obstruction 
and the need for surgery [43].

Adnexal Torsion

	 Adnexal torsion is a gynecologic surgical emergency caused by 
partial or complete rotation of the ovary and/or the Fallopian tube 
around its vascular axis. Pregnancy increases the risk of adnexal tor-
sion because of laxity of ligamentous structures: up to 25% of cases 
of adnexal torsion occur in pregnant women with a higher incidence 
in early pregnancy (before 20 weeks of gestation), often related to the 
presence of a corpus luteum cyst or a mature cystic teratoma, which 
can give rise to torsion. Para-ovarian cysts account for only a small 
per- centage of adnexal torsions in pregnancy [44,45]. The incidence 
of ovarian torsion during pregnancy also increases in cases of ovarian 
hyperstimulation related to associated reproductive technology [46]. 
The lower incidence in late pregnancy may be explained by reduced 
mobility of the ovary because of the enlarged uterus [11,44,47]. Di-
agnosis of adnexal torsion is based on clinical symptoms and sup-
ported by imaging findings. Early diagnosis is crucial for pregnant 
women because treatment decisions based on the diagnosis are as-
sociated with a risk of damage to the reproductive organs by necro-
sis, early missed abortions, and life-threatening fetal events due to 
preterm labor if surgical treatment is not performed at the optimal 
time [48]. Currently, Ultrasonography (US) is the primary accepted 
imaging technique for adnexal torsion, but it is extremely limited for 
visualization of the ovaries during the second and third trimesters of 
pregnancy with the risk of delaying diagnosis and surgical manage-
ment. MRI can provide diagnostic images with excellent soft-tissue  

Figure 1: Coronal T2WI (A), axial fat suppressed T2WI (T2 FS; B) and 
coronal T1WI FS (C) show a thickened and dilated tubular appendix with 
intraluminal fluid and appendicolith (white arrows; red line) and mild 
peri-appendiceal T2-hyperintense signal consistent with inflammation.  In-
flammation is also visible on DWI image (D).

Figure 2: Pregnant patient at 16 Weeks of Gestation (GW) with acute ab-
dominal pain and a history of ulcerative recto-colitis complicated by toxic 
megacolon .Coronal (A) and axial (B) T2-weighted images show marked 
gas distension of the colon with endoluminal air-fluid levels.

Figure 3: Crohn’s disease in pregnant women. Axial and coronal fat sup-
pressed T2-weighetd images show mural thickening of the terminal ileum, 
T2-high signal intensity of the wall associated with hyperintensity of periv-
isceral fatty tissue due to inflammation (white arrows).
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resolution, and may be useful in cases when US results are incon-
clusive or nondiagnostic, especially in advance gestation [44,46,49]. 
On T2 sequences, MRI features of adnexal torsion include ovarian 
enlargement with edema, prominent peripheral follicles, thickened 
fallopian tube, twisted vascular pedicle, periovarian fat stranding and 
free fluid (Figure 4). On T1-weighted images, the signal intensity 
varies according to the age of intraparenchymal blood products. Late 
torsion demonstrates increased signal intensity on T2-weighted imag-
es owing to necrosis [45]. DWI better describes early ischemia, and 
the ADC signal intensity could predict the severity of hemorrhagic 
infarction in the twisted ovary. In Kato et al.’s series, the ADC sig-
nal intensity was significantly lower in patients with ovarian torsion 
with hemorrhagic infarction than in those without infarction [45,50]. 
Massive Ovarian Edema (MOE) is a rare condition characterized 
by marked unilateral (rarely bilateral) ovarian enlargement due to 
gross diffuse stromal edema. Its etiology is still poorly understood, 
but probably involves obstruction of venous and lymphatic drainage 
because of compression of ovarian vessels between the gravid uterus 
and pelvic sidewall or intermittent/partial torsion. At MR imaging, 
ovarian edema appears as ovarian enlargement, homogeneous low 
signal intensity on T1WI and high signal intensity on T2WI in the 
ovarian stroma, and peripheral displacement of ovarian follicles. On 
imaging, MOE may be indistinguishable from ovarian torsion, but a 
history of weeks to months of intermittent pelvic pain suggests ovar-
ian edema [51,52].

Nephrolithiasis and Pyelonephritis

	 Renal colic is one of the most common non-obstetric cause for 
abdominal-pain-related hospitalization during pregnancy [12,53]. 
Physiologic hydronephrosis is reported in up to 90% of pregnancies 
and is more often right sided. This physiologic dilation of the collect-
ing system is due in part to progesterone-dependent smooth muscle  

relaxation and in part to compression of the ureter by the gravid uterus 
[11,13]. This physiologic hydronephrosis must be differentiated from 
an obstructing ureteral calculus: dilatation distal to the sacral prom-
ontory is much more suspicious for an obstructive process above, be-
yond the physiologic hydro-nephrosis of pregnancy. Flank or abdom-
inal pain and microscopic hematuria are the most common clinical 
features; other non-specific symptoms include nausea and vomiting. 
Accurate diagnosis of obstructive hydronephrosis is important due to 
the increased risk of pre- mature labor and infection. Furthermore, 
the presence of ureteral obstruction may be further complicated by 
infection such as pyelonephritis [54].

	 Magnetic Resonance Urography (MRU) without contrast agents 
should be considered as a second-line modality during pregnancy 
when the use of US is inconclusive and there are ongoing symp-
toms despite conservative management [54,55]. MRU using heavily 
T2-weighted ‘water’ images with thick slabs is useful to detect the 
urinary system and the ureters, differentiating physiological urinary 
tract dilatation from stone-related obstruction. The biggest disadvan-
tage of MRI is its limited ability to depict small calculi: nevertheless 
thin-slice, high-resolution, highly T2-weighted Fast Spin Echo (FSE) 
sequences can improve the ability of MRU for detection of small 
stones. Obstructing stone on MRU appear as a T2 hypointense fill-
ing defect with proximal ureteral dilation. Peri-renal and peri-ureteral 
edema are other MRI features that are indicative of pathologic hydro-
nephrosis These changes are better appreciated on fat- suppressed im-
ages (Figure 5). The presence of the double kink sign (ureteral kink-
ing at the pelvic brim with a column of urine seen down to the level 
of the ureterovesical junction) suggests an obstructing distal ureteral 
calculus [9,55,56]. When corroborated with ureteroscopy findings, 
the positive predictive value of MRI for diagnosis of stones among 
pregnant women is 80% [57]. MRI can also depict complications such 
as pyelonephritis. Acute pyelonephritis is among the leading causes 
for antepartum hospitalization, associated with increased risk of sep-
ticemia, low birth weight and preterm delivery [58]. On MR imaging, 
pyelonephritis appears as an edematous enlargement of the kidney, 
with parenchymal areas of heterogenous signal intensity (often linear 
and wedge-shaped) on T2WI and limited proton diffusion on DWI 
[59] (Figure 6). One limiting factor in pregnant patients is the inabil-
ity to use gadolinium-based contrast agents, which would otherwise 
demonstrate the characteristic striated or wedge-shaped pattern of 
renal parenchymal enhancement. Renal and perirenal abscesses may 
also develop in complicated pyelonephritis, which are visualized as 
T2 hyperintense collections with restricted diffusion [60] (Figure 7). 
Studies have also shown that the DWI sequence provides information 
on renal function and is a viable alternative to dynamic contrast MRI 
or CT, relative to their general contraindication in pregnant or lactat-
ing women [61,62].

Acute Cholecystitis

	 Acute cholecystitis, usually a complication of cholelithiasis, is the 
second most common reason for non-obstetric surgery in pregnancy, 
due to an increased incidence of gall- stones in pregnant women9.
US is the first line imaging technique. In equivocal cases, MR Chol-
angiopancreatography (MRCP) has a high sensitivity and specifici-
ty for detecting biliary disorders and associated complications [63]. 
Typical cholecystitis MRI findings include all bladder distension (>5 
cm transverse diameter), edematous wall thickening (>3 mm) and 
pericholecystic free fluid like an increased signal intensity surround-
ing the gallbladder on T2WI. Associated obstructive stones can be  

Figure 4: Adnexal torsion in pregnant patient. Axial T2-weighted images 
with and without fat suppression (A, B) and sagittal T2-WI (C) show en-
largement of right ovary with peripheral follicles (white arrows), twisted 
vascular pedicle (red arrow), periovarian fat stranding and free fluid (blue 
stars). T2 and ADC signal intensity (D) of the ovarian parenchyma was 
significantly lower due to necrotic-hemorrhagic evolution.

https://doi.org/10.24966/RMGO-2574/100093


Citation: Ercolani G, Ciulla S, Celli V, Ninkova R, Miceli V, et al. (2022) MR Imaging of Abdominal Pain in Pregnant Women: A Review of Common Obstetric 
and Non-Obstetric Pathologies. J Reprod Med Gynecol Obstet 7: 093.

• Page 5 of 12 •

J Reprod Med Gynecol Obstet ISSN: 2574-2574, Open Access Journal
DOI: 10.24966/RMGO-2574/100093

Volume 7 • Issue 1 • 100093

visualized as a signal void in the cystic duct or gallbladder neck [64]. 
Biliary obstruction can result in acute cholangitis and biliary sepsis. 
Imaging findings in acute cholangitis include dilated intrahepatic/ex-
tra- hepatic biliary ducts, periductal edema (T2 hyperintense), intra-
hepatic abscesses and ascites (Figure 8).

Pancreatitis

	 Acute pancreatitis is a rare condition in pregnancy and it’s most 
often secondary to gallstones or sludge, followed by hyperlipidemias 
[65-67]. Previously, acute pancreatitis during pregnancy was a serious 
condition and the maternal mortality rate was high, but the mortality  

rate has recently decreased because diagnosis is reached earlier, and 
maternal and neonatal intensive care have improved. More than 50% 
of cases occur in the third trimester [68-72]. The clinical presentation 
is like that in non-pregnant women, although pregnancy status may 
limit the diagnostic and surgical options for management. The man-
agement is primarily conservative, but surgery is indicated in severe 
disease [73,74]. Epigastric pain, nausea, vomiting, anorexia, and ele-
vated lipase are common symptoms. Focal or diffuse enlargement and 
increased T2-signal of the pancreas, peripancreatic fat inflammation 
and fluid collections, are typical MRI findings of acute pancreatitis 
(Figure 9). Sequelae of acute pancreatitis such as abscess formation 
or pancreatic necrosis are important causes of morbidity and mortality 
to both mother and fetus [9,11,75].

Obstetric Pathologies
Uterine rupture

	 Uterine Rupture (UR) is a rare complication of pregnancy associ-
ated with significant maternal and fetal mortality. Typically, UR oc-
curs in the third trimester of pregnancy and is rarely seen in the first  

Figure 5: Acute uncomplicated pyelonephritis with hydronephrosis in preg-
nancy. Coronal Fat-Suppressed (FS) T2-weighted image(A) and T2-weight-
ed image without FS (B) show severe hydroureteronephrosis associated 
with diffuse signal T2-hyperintensity of peri-renal and peri-ureteral soft 
tissue due to edema. Case contributed by Dr Maurizio Del Monte.

Figure 8: Pregnant woman with abdominal pain and vomiting and a his-
tory of choledocholithiasis. Axial T2-weighted image with and without fat 
suppression (A, B) show a mild periductal and intrahepatic edema (hyper-
intense) which corresponds to an area of slight diffusion restriction (C).

Figure 9: A 27 gestational weeks pregnant patient with epigastric pain and 
hypertriglyceridemia. MR imaging findings show an interstitial edematous 
pancreatitis. Axial and coronal T2-weighted images with and without fat 
suppression (A, B, C, D) demonstrate a diffuse pancreatic edema (T2-hy-
perintense signal) with peripancreatic fluid and restricted diffusion (E) due 
to acute inflammation (white arrow and red stars); cholelithiasis (red arrow).

Figure 6: Pregnant woman with right side pain. Axial T2-weighted image 
(A) and axial Diffusion Weighted Image (DWI) (B) show mild parenchymal 
heterogeneity of the right kidney related to edema with striated appearance 
(A) and multiple wedge-shaped areas of restricted diffusion (B) consistent 
with acute pyelonephritis.

Figure 7: Pregnant woman affected by acute pyelonephritis complicated 
by renal abscesses (white arrows). Coronal T2-WI and axial T2-WI (A, D) 
show multiple renal fluid collections (white arrows) with restricted diffu-
sion and low ADC value (B,C). Perirenal fat stranding and effusion are bet-
ter showed on fat suppressed T2-WI (red arrow, E).
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and second trimesters [76]. The risk of uterine rupture in pregnancy 
is increased in patient with a history of previous uterine surgery, with 
rupture occurring at the site of scar: cesarean section, myomectomy, 
adeno-myomectomy, hysteroscopic resection, surgical treatments for 
ectopic pregnancies, and curettage performed for premature interrup-
tion of pregnancy or retained placenta. Other risk factors have also 
been reported, such as multiple gestation, polyhydramnios, abnormal 
placentation and induction of labor [77-79].

	 As above mentioned, one of the most important risk factors is a 
previous history of myomectomy. According to the large clinical tri-
als, case reports, and review articles, the incidence of uterine rupture 
during pregnancy after Laparoscopic Myomectomy (LM) is estimat-
ed to be less than 1% when the surgical procedures are performed 
appropriately [80-83]. Tian et al., reported a post-myomectomy uter-
ine scar dehiscence rate of 4.9%, with no cases of UR; in contrast, 
Koo et al., reported 3 cases of uterine rupture in pregnancy among 
523 patients undergoing laparoscopic myomectomy (0,6%) [84,85]. 
Spontaneous rupture of unscarred gravid uterus is an extremely rare 
occurrence. In this case, it has been reported that the fundus and the 
uterine cornual area are the most common rupture sites. Some studies 
also suggest a potential correlation with a preexisting Mullerian duct 
anomalies associated with a focal weakness of the uterine cornual 
myometrium [86-88]. Clinically, uterine rupture can present as ab-
dominal pain, vaginal bleeding and alteration in uterine contractions. 
Worst-case scenario, pregnant women may present with hypotension, 
shock, hematuria, and abrupt fetal distress with fetal heart rate ab-
normalities [89]. Prompt and accurate diagnosis is essential to limit 
morbidity and mortality. Although it remains the first-line imaging 
modality, ultrasonography may have great difficulty in identifying 
myometrial flap. The US diagnosis of uterine rupture mainly relies 
on secondary signs such as presence of free fluid, intraperitoneal or 
extraperitoneal hematoma, intrauterine blood, and empty uterus. At 
the same time, uterine rupture is a real surgical emergency and MRI 
should be considered only when the patient is hemodynamically sta-
ble. MRI provides a wider field of view to rule out other causes of 
abdominal pain in the pregnant woman or identify any other cause of 
increased incidence of rupture, such as congenital anomalies or fetal 
macrosomia. On MRI, uterine rupture appears as a focal defect of the 
myometrium that may be associated with intramural hematoma and 
hemoperitoneum. Other features include fetal parts in an extrauterine 
location, intra-amniotic hemorrhage, and focal bulging of membranes 
through the site of dehiscence (Figure 10).

Ectopic pregnancy

	 Ectopic Pregnancy (EP), defined as the implantation and growth 
of a fertilized ovum outside the endometrial cavity, is the most com-
mon emergency that occurs in the first trimester of pregnancy, and 
usually results in pregnancy failure. In typical cases, ectopic preg-
nancy is easily diagnosed based on Clinical Features, Transvaginal 
Ultrasonography (TVUS) findings, combined with rapid assay for 
Human Chorionic Gonadotropin (hCG) levels: increased serum be-
ta-hCG level and an empty uterus on TVUS are the most compelling 
early diagnostic clues. However, patient factors (such as: obesity, 
presence of bowel gas and pain) may limit the utility of ultrasonog-
raphy. In this regard, MRI is generally reserved for equivocal cases 
and when further information of the ectopic pregnancy is required to 
guide clinical management. MRI is increasingly used in cases with 
unusually localized ectopic pregnancy, and as an additional imaging 
modality in complicated cases [76,90,91]. MRI also allows detection 
of fresh hemorrhage, specific localization of the abnormal implanta-
tion site with high spatial resolution, and identification of associated 
congenital uterine abnormalities [92,93]. Specific MRI findings that 
are diagnostic of EP include an empty uterine cavity, a cystic mass-
like structure separate from the ovary and surrounded by low signal 
intensity acute hematoma on T2WI and hemoperitoneum.

	 The most common location for ectopic pregnancy is the fallopian 
tube, accounting for 97 % of the cases (50%-80% in the ampulla, 
10%-25% in the isthmus, and 5%-17% in the fimbria) [94,95]. Most 
patients have no symptom during early pregnancy. However, symp-
toms such as lower abdominal pain develop as the concept us grows 
and vaginal or intra-abdominal bleeding occurs because of miscar-
riage or rupture. MRI shows an oval or round extrauterine Gestational 
Sac (GS) lateral to the uterus, with a cystic appearance and a typical 
thick trilaminarwall on T2WI. This “three rings” appearance is rarely 
observed in other adnexal masses and can be used as a key imaging 
feature. The thin outer hypointense ring is formed by the adjacent 
tubal wall, while the thin inner hypointense ring is formed by extra-
embryonic coelom and amnion without blood vessels. The thick mid-
dle T2-hyperintense ring is composed of chorionic villi tissue, which 
contains abundant fetal capillaries and maternal blood in the intersti-
tium [94,95]. The gestational sac may contain solid components, fresh 
blood, or fluid-fluid level. Fresh or acute tubal hematoma occurs for 
the rupture of tubal intramural arterioles caused by trophoblastic inva-
sion, and appears as T1 hyperintense, with a low signal on T2-weight-
ed images [96-98]. Diffusion-weighted imaging has also been utilized 
in MR imaging of ectopic pregnancy. A “ring of restriction sign” can 
be seen in the wall of the gestational sac, due to the high cellularity 
and rate of proliferation of trophoblasts, vascular-fibroblastic prolif-
eration, and macromolecules within the cytoplasm and extra-cellular 
matrix [99]. Fat-suppressed T1-weighted images can improve detec-
tion of hemorrhage [97]. Hemoperitoneum appears as mildly hyperin-
tense on T1 images and hypointense on T2 images depending on the 
age of the blood products. Although hemoperitoneum in the pouch of 
Douglas in a pregnant woman has a 93% positive predictive value for 
EP, other causes of hemoperitoneum such as ruptured ovarian cysts, 
corpus luteum, placenta accreta and spontaneous abortion must be 
considered [96,100].

	 Contrast-enhanced MRI has also been reported to be useful for the 
diagnosis of EP because it demonstrates enhancement in the GS and 
the affected tubal wall. IV administration of contrast medium may 
help to detect tubal rupture as an interruption of tubal wall enhance-
ment and the presence of acute hematoma, as shown by hemorrhage  

Figure 10: A 36 gestational weeks pregnant woman with sudden onset 
acute abdominal pain and inconclusive US findings. No significant history 
of abdominal surgery. Axial T2-weighted images show a focal defect of the 
anterior aspect of myometrial wall with fetus hand outside the uterus (white 
arrows). Significant abdominal effusion is also present (red stars).Case con-
tributed by Dr Maurizio Del Monte.
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located outside the implantation site on T1 and T2-weighted images 
[98,101,102]. However, the contrast-enhanced MRI should be per-
formed only when a normal intrauterine pregnancy is excluded by US 
and unenhanced MR sequences. Otherwise, gadolinium-based con-
trast agents should be avoided [94]. Magnetic resonance imaging is 
also useful in excluding potential mimics of EP. The classic differen-
tial diagnosis of the gestational sac is a corpus luteum cyst. On MRI, 
the distinction can be facilitated by focusing on wall signal intensity, 
location (intra-ovarian or extra-ovarian) and enhancement pattern. A 
typical corpus luteum appears as an intra-ovarian cyst-like structure 
with a thickened wall and homogeneous mural enhancement. The GS 
of an ectopic pregnancy it usually locates extra-ovarian, and the dot-
like enhancement pattern and the “three rings” T2WI-appearance is 
specific for a GS. The finding of a dilated tubal wall is another key 
MRI finding suspicious for a tubal pregnancy [98].

Scar pregnancy

	 Cesarean Scar Pregnancy (CSP) is a rare form of ectopic preg-
nancy in which the embryo implantation occurs within the scar of a 
previous cesarean section; its incidence is increasing because of the 
worldwide increase in the number of cesarean deliveries. Regarding 
etiopathogenesis, it has been hypothesized that poor vascularization 
of the lower anterior uterine segment impairs healing after cesarean 
procedures, making this area vulnerable to formation of small defects 
into which a trophoblast can implant. Multiple cesarean sections are 
associated with larger areas of scarring, which may in turn increase 
the risk of a scar implantation [103,104]. CSP is considered a poten-
tially life-threatening condition and its delayed diagnosis may result 
in complications, such as uterine rupture and hemorrhage with signifi-
cant maternal morbidity and potential hysterectomy. As an alternative 
to surgical treatment via laparotomy and hysterotomy, nonsurgical 
conservative therapy options include systemic and local methotrexate 
administration, which were reportedly quite successful [105].

	 The first-line diagnostic tool for CSP remains TVUS [106,107]. 
However, the use of magnetic resonance imaging after initial ultra-
sound may provide additional information useful for directing patient 
management and therapy (conservative versus surgical treatment). 
MRI provides a more detailed anatomic assessment to minimize sur-
gical invasion as much as possible [108,109]. In the further evaluation 
of CSS, MRI generally has a higher degree of accuracy than US and 
can identify the CSS, decidual layer, and myometrium separately; in 
contrast, these three tissues are often not so distinct in the US images. 
The T2WI sagittal section is the best view for the CSS, the GS and 
the decidual layer of a CSP. The CSS defect mainly showed the typ-
ical signal hypointensity of fibrous tissue [110,111], and most GSs 
present as a normal early pregnancy [112]. Most CSPs present as a 
thin-walled diverticulum at the CSS defect, and the CSS defect be-
comes weaker with the growth of the GS. CSPs were categorized into 
three types, based on the features of the CSS and the growth pattern of 
the GS: a thin-walled diverticulum at the CSS defect with a GS fully 
embedded (type I) or partially embedded in the diverticulum and par-
tially growing into the uterine cavity (type II); a niche is visible in the 
CSS defect and the GS is mainly embedded in the isthmus (type III) 
[111] (Figure 9). The contrast enhancement could be helpful in iden-
tifying the silhouette of the GS and the content of the GS when they 
are confounded by the surrounding hemorrhage, even if not strictly 
necessary for the evaluation of all CSPs [101] (Figures 1 and 12).

Placenta accreta spectrum

	 Placenta Accreta Spectrum (PAS) disorders occur when the pla-
centa adheres abnormally to the uterine myometrium. PAS includes 
three degrees of myometrial trophoblastic invasion: accreta, where 
placental villi show robust attachment but no invasion of the myome-
trium; increta, where villi invade the myometrium but not through the 
entire myometrial depth; percreta, where villous invasion crosses the 
entire myometrial thickness extending to adjacent organs. Main risk 
factors include abnormal sites of placental implantation (such as pla-
centa previa) and previous cesarean delivery [113,114]. Pregnancies 
with invasive placentas are more likely to develop potentially fatal 
massive hemorrhage because of damage to the myometrial circulation 
from infiltrative phenomena, often requiring emergency hysterectomy 
[115,116]. Radical hysterectomy is universally accepted as treatment; 
up to 40–60% of the peripartum hysterectomies are due to invasive 
placenta [117]. However, the emergence of new techniques such as 
the uterine artery angioembolization approach, and the use of chemo-
therapy agents (methotrexate), are alternative therapies also described 
in the literature [118]. It’s therefore evident that prenatal diagnosis of 
invasive placenta plays an essential role in the delivery planning. In 
recent years, although Ultrasound (US) still represents the first-line 
examination for the prenatal diagnosis, MRI has been increasingly 
used in the evaluation of placental invasiveness [119-121]. Thanks 
to the high resolution of soft tissue contrast and the wide field of 
view, MRI can provide more accurate topographic and morphologic  

Figure 11: Cesarean scar pregnancy. Axial T2-weighted image (A) shows 
a gestational sac with a cystic appearance and a severe myometrial thinning 
(white arrow); fat-suppressed T1-weighted image (B) shows hemorrhage 
(white arrow).

Figure 12: Cesarean scar pregnancy. Sagittal T2-weighted image (A) shows 
a gestational sac containing the small fetus (cystic mass-like) within a cesar-
ean delivery scar (typical T2-hypointensity of fibrous tissue; white arrow). 
The contrast enhancement (B) demarcates the silhouette of the gestational 
sac.
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information regarding the placenta and clarify the degree of invasion 
optimizing the planning of surgical management [122]. Several stud-
ies identified some distinctive MR signs of placental invasion, such 
as the presence of T2-dark intraplacental bands, myometrial thinning, 
focal disruption of placental-myometrial interface, heterogeneous 
placental signal intensity, abnormal placental bulging, abnormal pla-
cental vascularity, and percretism signs (direct invasion of adjacent 
organs) [104,123-130] (Figure 13). A correlation between these MR 
signs and maternal outcome should there be [131,132]. Chen et al., 
[129] showed that dark band, percretism signs, and placental pro-
trusion signs were more frequently observed in patients with poor 
clinical outcome (massive/minor bleeding and hysterectomy), while 
Delli Pizzi et al., reported percretism signs and myometrial thinning 
as two most predictive MR features of poor outcome [133]. Other 
recent studies have focused attention on new quantitative MRI tech-
niques and their potential to improve diagnostic rates and increase the 
understanding of PAS-pathophysiology by revealing more details of 
the aberrant placental hemodynamics [134,135]. In this regard, the 
study by Rachel L. et al showed that the IVIM parameter of Perfusion 
Fraction (Pf) was significantly higher in pregnant women with PAS 
than in the healthy control group, given the larger, more proliferative 
vasculature and increased regional blood flow in the abnormally ad-
herent placenta [136].

Conclusion
	 In conclusion, MRI is a useful imaging modality for the evaluation 
and differential diagnosis of several pathologic conditions that may 
affect pregnant patients, especially when US findings are inconclusive 
and equivocal. MRI is increasingly used in the emergency setting be-
cause its safety profile and greater diagnostic capability than US, due 
to its high tissue contrast resolution and wide field of view. We also 
believe that radiologists should be familiar with most common causes 
of abdominal pain in pregnancy and their MR imaging features.
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