
www.wjem.org

26 Jung et al World J Emerg Med, Vol 9, No 1, 2018

Differential diagnoses of magnetic resonance imaging 

for suspected acute appendicitis in pregnant patients
Ji Yong Jung, Ji Ung Na, Sang Kuk Han, Pil Cho Choi, Jang Hee LEE, Dong Hyuk Shin

Department of Emergency Medicine, Kangbuk Samsung Hospital, Sungkyunkwan University School of Medicine, Seoul, 

Korea

Corresponding Author: Dong Hyuk Shin, Email: shindhk@daum.net

Original Article

© 2018 World Journal of Emergency Medicine

BACKGROUND: Accurate and timely diagnosis of acute surgical disease in pregnant patient is 
challenging. Although magnetic resonance imaging (MRI) is the most accurate modality to diagnose acute 
appendicitis in pregnant patients, it is often used as a last resort because of high cost and long scan time. 
We performed this study to analyze differential diagnoses of appendix MRI and to investigate if there are 
any blood tests that can predict surgical condition in pregnant patients.

METHODS: A retrospective, cross-sectional study was conducted on 46 pregnant patients 
who underwent non-enhanced appendix MRI in suspicion of acute appendicitis from 2010 to 2016. 
Differential diagnoses of appendix MRI were analyzed and blood tests were compared between 
those who had surgical and non-surgical disease.

RESULTS: Appendix MRI differentiated two surgical disease; acute appendicitis and ovarian 
torsion; and various non-surgical conditions such as uterine myoma, hydronephrosis, ureterolithiasis 
and diverticulitis among clinically suspected acute appendicitis in pregnancy. The diagnostic accuracy 
of MRI for acute appendicitis in this study was 93.5%. Patients who had surgical disease showed 
significantly higher WBC count (≥11,000/mm

3
), proportion of neutrophils in the WBC (≥79.9%), 

neutrophil-to-lymphocyte ratio (NLR≥6.4), levels of C-reactive protein (CRP≥1.82 mg/dL) and bilirubin 
(≥0.66 mg/dL ) than those who had non-surgical disease.

CONCLUSION: MRI can reliably differentiate surgical conditions and several blood tests (WBC, 
proportion of neutrophils in the WBC, NLR, CRP, bilirubin) can help anticipate acute surgical condition 
among pregnant patients suspected to have acute appendicitis.
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INTRODUCTION
An accurate diagnosis of the source of abdominal 

pain in pregnant patients is often very diffi cult owing to 

several factors, such as nonspecific symptoms (nausea 

and vomiting), nonspecific leukocytosis, displacement 

of the abdominal structures from its normal location, 

difficult abdominal examination, and limited utilization 

of computed tomography (CT) owing to ionizing 

radiation. Acute appendicitis is the most frequent extra-

uterine illness necessitating emergency surgery in 

pregnant patients, occurring approximately 1 in 1,700 

pregnancies.
[1-3]

 However, acute appendicitis is more 

difficult to diagnose, and complication rates, such as 

perforation rates, are higher in pregnant patients than 

in non-pregnant patients.
[4-6]

 An accurate and timely 

preoperative diagnosis of acute appendicitis is crucial 

because an unnecessary operation will increase the rate 

of fetal loss and early delivery.
[7,8]

Magnetic resonance imaging (MRI) has become 

increasingly popular in the evaluation of acute abdominal 

pain in pregnant patients. MRI provides multi-planar 

images with excellent soft-tissue contrast resolution 

without the drawback of exposing the fetus to the 

ionizing radiation.
[9]

 The American College of Radiology 

(ACR) approves of MRI the use of MRI in pregnant 

patients in any trimester.
[10]

 To our knowledge, MRI is the 
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most accurate preoperative diagnostic modality for acute 

appendicitis in pregnant patients.
[11]

 Furthermore, MRI is 

one of the best tools to demonstrate safely a wide range 

of conditions in the abdomen and pelvis beyond acute 

appendicitis.
[12]

 When acute appendicitis is clinically 

suspected in pregnant patients, MRI can be performed as 

an initial diagnostic method or after ultrasound (US) in 

which the US fi ndings are equivocal.
[11]

However, a substantial proportion of pregnant 

patients who underwent MRI often have non-surgical 

sources of abdominal pain. Although there are no known 

biologic risks associated with MRI, some potential 

adverse effects of MRI fields, such as reduction in the 

fetal crown-rump length or increased developmental 

eye malformations in an animal model have been 

reported.
[13,14]

 Moreover, unknown bio-effects may still 

exist, especially during the period of organogenesis.
[9]

 

Therefore, extra caution is urged when using MRI for 

pregnant patients, especially during the first trimester 

of pregnancy. We performed this study to investigate 

various differential diagnoses based on appendix 

MRI findings and to determine if there are any blood 

test biomarkers that can predict the need for surgical 

treatment.

METHODS
Study design

A retrospective, cross-sectional study was conducted 

after receiving approval from the Institutional Review 

Board (IRB) of our hospital. Written informed consent 

was exempted by the IRB. To maintain anonymity, the 

patient name, hospital number, date of birth, and social 

security number were deleted after assigning a serial 

number to each. This study was carried out in accordance 

with the World Medical Association Declaration of 

Helsinki.
[15]

Selection of patients
We selected all pregnant subjects who underwent 

non-enhanced appendix MRI in suspicion of acute 

appendicitis during our study period (7 years; from 

2010 to 2016). The subjects were then divided into 6 

arbitrarily defi ned groups according to the formal report 

of appendix MRI: group 1, normal appendix without 

other abnormal findings; group 2, normal appendix 

with other findings potentially related to abdominal 

pain; group 3, non-visualization of appendix with other 

findings potentially related to abdominal pain; group 

4, probable acute appendicitis without other abnormal 

fi ndings; group 5, probable acute appendicitis with other 

fi ndings potentially related to abdominal pain; and group 

6, defi nite acute appendicitis. The patients were allocated 

to the “probable acute appendicitis” group when the 

radiologist reported their cases as “suspicious of (early) 

appendicitis” with descriptions such as “borderline or 

mild dilatation, mild or minimal inflamed appendix, or 

mild wall thickening”. Patient characteristics, clinical 

features, and blood test parameters were analyzed in 

accordance with the 6 defi ned groups.

Key outcome measures
We divided the subjects into those who had a non-

surgical disease and those who had a surgical disease. 

Clinical features and blood test parameters were 

comparatively analyzed between the 2 groups. The 

results of the blood tests performed on the same day 

of appendix MRI were analyzed. The analyzed blood 

test results included the white blood cell (WBC) count, 

percentage of segmented neutrophil, lymphocyte and 

monocyte in the WBC, neutrophil-to-lymphocyte ratio 

(NLR), lymphocyte-to-monocyte ratio (LMR), platelet 

count, platelet-to-lymphocyte ratio (PLR), red cell 

distribution width (RDW), C-reactive protein (CRP) 

and bilirubin. The NLR, MLR and PLR were calculated 

using the ratios of the neutrophil count to the lymphocyte 

count, monocyte count to lymphocyte count and platelet 

count to lymphocyte count, respectively. When the 

patients received the same blood test more than once on 

the same day, the initial test result was selected for the 

analysis.

Statistical analysis
The blood test parameters showing significant 

statistical differences between the conservatively treated 

and surgically treated groups were further analyzed using 

the receiver operating characteristics (ROC) to verify 

their usefulness as a predictor of surgical treatment. For 

those parameters with ROC of > 0.7, the best cutoff 

value was calculated, and sensitivity, specifi city, positive 

predictive value (PPV), negative predictive value (NPV), 

and accuracy of that cutoff value were also calculated.

The continuous variables did not have a normal 

distribution; thus, they were presented as medians 

and interquartile ranges, and the categorical variables 

were described in frequencies (%). We compared the 

continuous variables using the Mann-Whitney test and 

the categorical variables using the Chi-square or the 

Fisher’s exact test according to the expected frequency. 

We used the STATA ver. 13.0 (StataCorp., College 
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Station, TX, USA) program for our statistical analysis 

and the statistical signifi cance was based on a P value < 

0.05.

RESULTS
Forty-six pregnant patients underwent MRI due to 

acute abdominal pain during the 7-year study period. The 

characteristics of 46 patients are presented in the Table 1.

Appendix MRI showed various findings for the 

pregnant patients with acute abdominal pain. Normal 

appendix was reported in 28 (60.9%), non-visualization 

of the appendix in 3 (6.5%), probable appendicitis in 11 

(23.9%), and definite appendicitis in 4 (8.7%) patients. 

Among the 28 patients with normal appendix, 18 patients 

showed no other abnormal findings and 10 patients 

showed other abnormal findings potentially related to 

abdominal pain. Red degeneration of uterine myoma 

was the most frequent abnormal finding followed by 

right obstructive hydronephrosis. The appendix was 

not visualized in 3 patients and one of these patients 

underwent emergency surgery due to right ovarian 

torsion. Eleven patients showed probable appendicitis 

(early appendicitis, borderline or mild dilatation of the 

appendix, mild or minimal inflamed appendix, or mild 

wall thickening of the appendix) in the appendix MRI. 

Nine patients with probable acute appendicitis without 

other abnormal findings underwent surgery, and the 

final pathologic report showed acute appendicitis in 8 

patients and normal appendix in 1 patient. Two patients 

with probable acute appendicitis with other abnormal 

findings (1 obstructive hydronephrosis and 1 uterine 

myoma red degeneration) did not undergo surgery and 

were treated conservatively. Both of them recovered 

completely without surgery (Table 2). Four patients 

showed definite acute appendicitis. Nine patients with 

probable appendicitis and 4 patients with definite acute 

appendicitis underwent an appendectomy, and the 

negative appendectomy rate was 7.7% (1/13) among our 

study subjects.

Twenty-nine patients underwent appendix MRI after 

US when the US fi ndings were equivocal or the appendix 

was not visualized. Among them, 62.1% showed normal 

appendix, 27.6% showed probable acute appendicitis, 

and 10.3% had a non-visualized appendix. Twelve 

(41.4%) patients showed normal appendix without other 

abnormal fi ndings (group 1 fi nding); 6 (20.7%) patients 

showed normal appendix with other fi ndings potentially 

related to abdominal pain (group 2 finding); 3 (10.3%) 

patients showed non-visualization of the appendix with 

other findings potentially related to abdominal pain 

(group 3 finding); 6 (20.7%) patients showed probable 

acute appendicitis without other abnormal findings 

(group 4 fi nding); and 2 (6.9%) patients showed probable 

acute appendicitis with other fi ndings potentially related 

to abdominal pain (group 5 finding) on the subsequent 

appendix MRI after US.

Laboratory features were compared between the 

surgical and non-surgical abdomen cases. Thirteen 

patients (12 acute appendicitis and 1 ovarian torsion) 

had a surgical disease, and 33 patients had non-surgical 

conditions. The patients who had conditions which 

required surgical treatment showed significantly higher 

WBC count, higher proportion of neutrophils in the 

WBC, lower proportion of lymphocytes in the WBC, 

Table 1. Summary of patient (pregnant patients who underwent 
appendix MRI due to acute abdominal pain) characteristics

Characteristics Value

Number, n 46

Age, median (IQR) 31 (28, 34)

Gestational age, n (%)

 First trimester 11 (23.9)

 Second trimester 27 (58.7)

 Third trimester   8 (17.4)

Location of pain, n (%)

 Right lower quadrant 35 (76.1)

 Suprapubic area   4 (8.7)

 Periumbilical area   3 (6.5)

 Right upper quadrant   2 (4.3)

Diagnostic procedure, n (%)

 MRI only 29 (63.0)

 MRI after ultrasonography 17 (37.0)

MRI: magnetic resonance imaging; IQR: interquartile range.

Table 2. Differential diagnoses of appendix MRI among the pregnant 
patients with acute abdominal pain

MRI report (Number, %) Final diagnosis (Number)

Group 1: Normal appendix
  without other abnormal fi ndings 
  (18, 39.1%)

Unspecifi ed abdominal pain (18)

Group 2: Normal appendix with
  other fi ndings (10, 21.7%)

Non-surgical GI disease:
  enteritis (1), fecal impaction (1),
  diverticulitis (1)
Non-surgical urinary disease: 
  ureter stone (1), obstructive
  hydronephrosis (2)
Non-surgical gynecologic disease:
  myoma red degeneration (3),
  ovarian cyst (1)

Group 3: Non-visualization of 
  the appendix with other fi ndings 
  (3, 6.5%)

Ovarian torsion (1)
Obstructive hydronephrosis (2)

Group 4: Probable acute
  appendicitis without other
  abnormal fi ndings (9, 19.6%)

Acute appendicitis (8)
Normal appendix (1)

Group 5: Probable acute
  appendicitis with other 
  abnormal fi ndings (2, 4.3%)

Non-surgical urinary disease:
  obstructive hydronephrosis (1)
Non-surgical gynecologic disease: 
  myoma red degeneration (1)

Group 6: Defi nite acute
  appendicitis (4, 8.7%)

Acute appendicitis (4)

MRI: magnetic resonance imaging; GI: gastrointestinal.
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higher NLR, and higher levels of CRP and bilirubin 

(Table 3). To determine if there were any blood tests 

that can aid in predicting the need for surgical treatment, 

Table 3. Comparison of the blood test results between the surgical and non-surgical abdomen cases of the pregnant patients with 
acute abdominal pain

Parameters Surgical abdomen (n=13, 28.3%) Non-surgical abdomen (n=33, 71.7%) P value 

Age        32.5 (30.5, 33.5)       30 (27, 34) 0.224

Gestational age (day)      112 (90, 193)     136.5 (96,185) 0.468

Trimester, n (%) 0.731

 First          4 (33.3)         7 (20.6)

 Second          6 (50.0)        21 (61.8)

 Third          2 (16.7)          6 (17.6)

WBC (/mm
3
) 12,255 (10,600, 18,900) 10,420 (8,220, 13,100) 0.032

Neutrophil (%)        83.4 (77.6, 89.9)        77.4 (70.6, 81.8) 0.020

Lymphocyte (%)        10.4 (5.4, 14.7)        16.1 (12.1, 21.9) 0.010

NLR          8.2 (5.4, 16.9)          4.9 (3.2, 6.8) 0.013

Monocyte (%)          5.4 (3.7, 5.9)          5.3 (4.2, 7.2) 0.361

LMR          2.1 (1.5, 2.9)          3.0 (2.2, 4.4) 0.018

RDW (%)        13.3 (12.8, 13.7)        13.2 (12.8, 13.6) 0.950

Platelet (×10
3
/mm

3
)      233 (204.5, 251)      241.5 (217, 309) 0.260

PLR      184.8 (138.1, 235.3)      142.2 (109.2, 190.1) 0.133

CRP (mg/dL)          2.1 (0.5, 6.5)          0.5 (0.5, 0.6) 0.019

Total bilirubin (mg/dL)          0.74 (0.64, 0.80)          0.56 (0.32, 0.76) 0.025

AST (IU/L)        17 (13, 19)        17 (15, 21) 0.447

ALT (IU/L)        11 (10, 18)        13 (9, 17) 0.625

LDH (IU/L)      220 (175, 338)      272 (182.5, 341) 0.510

Urine pH          6.3 (6.0, 7.5)          6.5 (5.5, 7.0) 0.541

Pyuria, n (%)          0 (0)          5 (15.6) 0.301

Urine SG          1.015 (1.010, 1.020)          1.015 (1.010, 1.020) 0.314

WBC: white blood cell count; NLR: neutrophil-to-lymphocyte ratio; LMR: lymphocyte-to-monocyte ratio; RDW: red cell distribution 
width; PLR: platelet-to-lymphocyte ratio; CRP: C-reactive protein; AST: aspartate transaminase; ALT: alanine aminotransferase; 
LDH: lactate dehydrogenase; SG: specifi c gravity.

Table 5. Usefulness of the blood tests in predicting the need for surgical treatment among the pregnant patients with acute abdominal pain

Cut-off value Sensitivity (%) Specifi city (%) Accuracy (%) PPV (%) NPV (%) Odds ratio P value

WBC≥11,000/mm
3

75.0 61.8 65.2 40.9 87.5 4.85 0.028

Neutrophil≥79.9%
a

75.0 64.7 67.4 42.9 88.0 5.50 0.018

NLR≥6.4 66.7 70.6 69.6 44.4 85.7 4.80 0.023

CRP≥1.82 mg/dL 66.7 76.5 73.9 50.0 86.7 6.50 0.007

Total bilirubin≥0.66 mg/dL 75.0 61.8 65.2 40.9 87.5 4.85 0.028

PPV: positive predictive value; NPV: negative predictive value; WBC: white blood cell count; NLR: neutrophil-to-lymphocyte ratio; 
LMR: lymphocyte-to-monocyte ratio; CRP: C-reactive protein; PPV: positive predictive value; NPV: negative predictive value. 

a
: 

proportion (%) of neutrophils in the WBC.

an ROC analysis was performed for parameters that 

had statistically significant difference between the 2 

groups. WBC, proportion of neutrophils in the WBC, 

NLR, and CRP and bilirubin levels had areas under 

the curve (AUC) of >0.7. NLR had the largest AUC 

(0.744) followed by the proportion of neutrophils in the 

WBC (0.728) (Table 4). The best cutoff value and its 

sensitivity, specifi city, accuracy, PPV and NPV to predict 

the need for surgical treatment are presented in Table 5.

DISCUSSION
Imaging tests  have become more important 

than before in making specific diagnosis of acute 

abdominal pain in pregnant women. In the case of acute 

appendicitis, which is the most common extra-uterine 

surgical disease, imaging tests can not only reduce the 

Table 4. ROC analysis of the blood test parameters associated with 
the need for surgical treatment among the pregnant patients with acute 
abdominal pain

Parameters ROC area (0.95 CI) Best cut-off value

WBC (/mm
3
) 0.710 (0.546, 0.873) 11,000

Neutrophil (%
a
) 0.728 (0.553, 0.903)        79.9

Lymphocyte (%
b
) 0.248 (0.077, 0.418)        19.6

NLR 0.744 (0.570, 0.918)          6.4

LMR 0.267 (0.110, 0.425)          2.6

CRP (mg/dL) 0.720 (0.53, 0.92)          1.82

Total bilirubin (mg/dL) 0.720 (0.57, 0.87)          0.66

PLR 0.647 (0.474, 0.820)      158.8

ROC: Receiver operating curve; CI: confidence interval; WBC: 
white blood cell count; NLR: neutrophil-to-lymphocyte ratio; LMR: 
lymphocyte-to-monocyte ratio; CRP: C-reactive protein; PLR: 
platelet-to-lymphocyte ratio. 

a
: proportion (%) of neutrophils in the 

WBC; 
b
: proportion (%) of lymphocytes in the WBC.
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negative appendectomy rate,
[16,17] 

but also distinguish 

complicated from benign form of acute appendicitis in 

which spontaneous resolution can be expected.
[17,18]

To date, MRI is the most accurate diagnostic 

modality to differentiate acute surgical conditions for 

pregnant patients complaining of acute abdominal pain. 

One of most recent guidelines also recommends MRI 

in pregnant patients with suspected appendicitis, if this 

resource is available.
[17]

 Our study results showed that 

the pregnant patients who underwent MRI in suspicion 

of acute appendicitis turned out to have both surgical 

and non-surgical conditions. Acute appendicitis was 

by far the most frequent surgical disease followed by 

ovarian torsion. Red degeneration of uterine myoma was 

the most frequent non-surgical condition followed by 

obstructive hydronephrosis of the right kidney

Although MRI is the most accurate diagnostic modality 

in differentiating acute surgical conditions in pregnant 

patients,
[11]

 it also has disadvantages. MRI usually costs 

more than US, needs expert radiologists for interpretation, 

and is not possible for patients with claustrophobia. To our 

knowledge, there are no known deleterious effects on the 

fetus secondary to MRI use, MRI deposits energy in the 

patients in the form of heat.
[10]

 In animal studies, reduction 

in the fetal crown-rump length and increased risk of 

eye malformations were reported after exposure to MRI 

energy.
[13,14] 

The ACR still emphasizes to weigh the risks 

and benefi ts of MRI for pregnant patients.
[10]

 Therefore, 

it is desirable if unnecessary MRIs can be avoided during 

the pregnancy, especially during the fi rst trimester.

Negative appendectomy (NA) rate of pregnant 

patients is reported to be 25%–36%,
[10,19]

 and this NA 

rate is signifi cantly higher in pregnant women compared 

with nonpregnant women (36% vs. 14%; P<0.05).
[19]

 NA 

is not free of risk to the fetus, and about 4% of pregnant 

women who underwent NA experienced fetal loss, and 

the odds ratio of NA to fetal loss was a high as 1.88.
[8]

 

Negative appendectomy occurred in 1 out of 13 cases 

(7.7%) in this study. Acute appendicitis was probable 

on MRI but confirmed as normal appendix later in the 

pathology report. Lower rate of NA in this study than 

previous reports may be attributed to the pre-operative 

MRI. Although a direct comparison may not be possible, 

MRI may reduce unnecessary laparotomies.

Cobben et al
[9]

 and Israel et al
[20]

 reported the 

sensitivity of MRI for the diagnosis of acute appendicitis 

as 100%. Oto et al
[21]

 reported the sensitivity, specifi city, 

PPV, and NPV of MRI for acute appendicitis in pregnant 

patients as 90%, 98.1%, 81.8%, and 99.1%, respectively. 

In the study of Oto et al,
[21]

 there were 2 false positive 

cases in which acute appendicitis was suspected on 

MRI but recovered without surgery, and 1 false negative 

case in which the appendix was not visualized on MRI 

but confirmed as acute appendicitis after surgery. The 

diagnostic performance of MRI for acute appendicitis in 

this study was similar to those of previous studies. The 

sensitivity, specificity, PPV, and NPV and accuracy of 

MRI for acute appendicitis in the pregnant patients in 

this study were 100%, 91.2%, 80%, 100% and 93.5%, 

respectively. There was 1 false positive case in which 

acute appendicitis was suspected on MRI but confi rmed 

as normal appendix after surgery.

US is safe for both the mother and fetus and is reliable 

in confi rming clinical diagnoses, and when read as positive, 

requires no further test other than surgery.
[22]

 Some 

authors recommended the routine use of ultrasounds in 

every pregnant patient for better patient assessment.
[23]

 

Although the utility US is similar between pregnant and 

non-pregnant patients,
[24]

 but the utility of US becomes 

lesser in latter stages of pregnancy as the gravid uterus 

gets bigger and the vessels become engorged, leading 

to inconclusive findings.
[17,25,26]

 Several studies
[17,19,20,25]

 

reported non-visualization of the appendix in a large 

percentage of pregnant women with suspected acute 

appendicitis. Therefore, physicians should be aware 

of the limitation of US in excluding acute surgical 

diseases, and MRI must be considered as a primary 

imaging modality in latter stages of pregnancy or if the 

ultrasonographic fi ndings are inconclusive.

Twenty-nine patients underwent appendix MRI 

after US in this study. These patients had inconclusive 

findings or non-visualization of the appendix on US. 

Further MRI studies could delineate normal appendix 

in 18 (62.1%) patients with inconclusive or non-

visualization of the appendix on US. Furthermore, 2 

cases of non-visualization of the appendix and 2 cases 

of probable appendicitis showed other non-surgical 

abnormal fi ndings potentially related to abdominal pain. 

They recovered completely only with conservative 

management. Among the 29 pregnant patients who 

had inconclusive findings or non-visualization of the 

appendix on US, 22 (75.9%) patients could avoid 

unnecessary laparotomies. In contrast, those who showed 

ovarian torsion (n=1) and probable appendicitis without 

other abnormal fi ndings (n=6) on MRI underwent surgery 

and all recovered in a timely manner. The usefulness of 

MRI cannot be overemphasized for challenging cases for 

diagnosis and treatment planning of acute appendicitis 

during pregnancy, and the routine use of MRI should be 

recommended for all pregnant patients with equivocal 



www.wjem.org

31World J Emerg Med, Vol 9, No 1, 2018

fi ndings on US.

Exploratory laparoscopy has been used since 1910 

as one of tools for diagnosing and treating appendicitis. 

Laparoscopy might reduce the frequencies of unnecessary 

appendectomies in 20%–30% and an accuracy of 

diagnosis of appendicitis of 95%–99%.
[27] 

Bachar et al
[28]

 

reported slightly better sensitivity but worse specificity 

of laparoscopic appendectomy compared with imaging 

studies such as US or CT. Laparoscopy in pregnant 

with suspected appendicitis may lead to a lower rate of 

NA when compared with open appendectomy,
[26]

 and 

the potential advantages of diagnostic and therapeutic 

laparoscopy were recently highlighted.
[29]

 Early utilization 

of MRI along with laparoscopy approach should be 

considered in pregnant patients with suspected appendicitis.

Some blood tests turned out to be helpful in 

predicting acute surgical abdomen. WBC count, 

proportion of neutrophils in the WBC, NLR, and CRP 

and bilirubin levels were significantly higher in the 

patients who required surgical treatment. The best cut-

off values to predict the acute surgical conditions were 

as follows: WBC≥11,000/mm
3
, neutrophil≥79.9%, 

NLR≥6.4 mg/dL, CRP≥1.82 and bilirubin≥0.66 mg/dL. 

These findings may alert clinicians of the increased 

possibility of acute surgical conditions and to expedite 

the diagnostic process when dealing with pregnant 

patients with acute abdominal pain. We suggests that 

MRI should be performed immediately for pregnant 

patients if the NLR is ≥6.4 or the proportion of 

neutrophils in the WBC is ≥79.9% regardless of the 

trimester. We also suggest that MRI may be deferred after 

US examination if the NLR is <6.4 or the proportion of 

neutrophils in the WBC is <79.9%, especially during the 

fi rst trimester.

NLR has been introduced as the most reliable 

predictive marker (AUC: 0.836) among other blood 

tests, such as WBC or CRP, for acute appendicitis.
[30] 

Kahramanca et al
[31]

 reported that an NLR≥ 4.68 was 

associated with acute appendicitis, and an NLR≥ 5.74 

was associated with complicated appendicitis. Yazar et 

al
[25]

 reported that NLR and PLR could diagnose acute 

appendicitis with high accuracy (90.5%) in pregnant 

patients. In this study, NLR turned out to be the most 

reliable blood test parameter in predicting acute surgical 

abdomen, which is consistent with those of previous 

studies. The best cutoff value of NLR to predict the need 

for surgery among the pregnant patients who underwent 

MRI was 6.4 in current study. The higher cutoff value in 

this study compared to those of previous studies may be 

attributed to the increased absolute neutrophil count and 

decreased lymphocyte count during gestation.
[32-34]

There are several limitations in this study. First, 

several radiologists interpreted the MRI fi ndings during 

the study period, and inter-observer agreement was not 

obtained. Second, the study subjects included those who 

underwent appendix MRI and blood tests on the same 

day. The findings of this study may not represent the 

features of all pregnant patients with acute abdominal 

pain. Third, this is a retrospective study; therefore, the 

clinical features presented may not be reliable. However, 

the main findings of this study (MRI findings and 

laboratory findings) should not have been hampered by 

its retrospective design. Fourth, the time elapsed from 

symptom onset to the blood tests was not obtained and 

analyzed. Fifth, the sample size was not calculated prior 

to this study, and the number of subjects was relatively 

small. Overgeneralization of the findings of this study 

should be avoided.

CONCLUSION
Appendix  MRI  in  p regnan t  pa t i en t s  cou ld 

differentiate surgical  conditions,  such as acute 

appendicitis and ovarian torsion, from non-surgical 

conditions, such as red degeneration of uterine myoma 

and obstructive hydronephrosis. Clinicians may 

anticipate surgical conditions if pregnant patients 

complain of acute abdominal pain show WBC≥11,000/mm
3
, 

neutrophil≥79.9%, NLR≥6.4, or CRP≥1.82 in their blood 

tests, and should expedite the diagnostic process using 

MRI for such pregnant patients.
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