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A B S T R A C T   

Introduction: Mucinous cystic neoplasms (MCN) are mucin-producing epithelial cell tumors of pancreas. They consist of an ovarian-type stroma expressing estrogen 
and progesterone receptors. Pregnancy-associated MCNs are presumed to be larger in size and more aggressive without any concrete evidence. 
Objective: and Data Sources: Systematic review of published literature using PubMed and Google Scholar databases. Original articles including case reports and series 
published between 1970&2021 were included wherein MCN was diagnosed during pregnancy/within one-year post-partum. Thirty-three publications having 36 
cases, adding one of our own patient were analyzed in this review. 
Result: Median age at presentation was 32 years. Only three (9%) patients were asymptomatic. Mean size of MCN was 135 mm. Ten patients (27%) reported an 
increase in size during pregnancy. Most tumors involved body and tail of pancreas (60%). Distal pancreatectomy with splenectomy was the most common resection 
performed (57%). No foetal mortality was reported to date. 
Conclusion: Pregnancy may cause a rapid increase in size of MCN. Decision-making is more complex and needs a fine balance between optimal oncological and 
obstetric outcomes.   

1. Introduction 

Mucinous cystic neoplasms (MCN) of the pancreas are cyst-forming, 
mucin-producing tumors characteristically defined by the presence of 
ovarian-type sub-epithelial stroma. First defined by Compagno et al., in 
1978, they combined the previously classified ‘cystadenoma’ and ‘cys
tadenocarcinoma’ into mucin-producing neoplasms.1 MCNs were iden
tified as a separate entity by WHO in 1996, differentiating them from 
intraductal papillary mucinous neoplasms (IPMN). These tumors almost 
exclusively (98% of all MCNs) occur in women. They primarily affect 
middle-aged females with the mean age at diagnosis being 48 (range 
14–95) years.2 MCNs comprise about 8% of resected cystic lesions of the 
pancreas. Almost half of the patients are incidentally diagnosed on 
abdominal imaging with abdominal fullness being the most common 
symptom.3 Magnetic Resonance Imaging (MRI) is the investigation of 
choice; however, computed tomography (CT) scan or endoscopic ul
trasonography (EUS) may also be useful in their evaluation.3,4 Tumor 
analysis shows presence of a mucin-secreting epithelium with 
ovarian-like stroma expressing estrogen and progesterone receptors, but 

this finding is not always seen.3,5 These tumors have an excellent 
prognosis with 5-year survival as high as 100%.3 

Their occurrence in pregnancy was first reported by Smithers et al., 
in 1986, although the differences in tumor biology and progression 
during pregnancy was first reported by Ganepola et al., in 1999.6,7 

MCNs, which otherwise predominantly occur in the perimenopausal 
age, appear at younger ages when associated with pregnancy. With the 
dynamic hormonal environment during pregnancy, these tumors are 
presumed to grow rapidly, evident in the larger tumor size at presen
tation in pregnant women when compared to the general population. 

However, pregnancy-associated MCN in itself is a rare entity, with 
available evidence being limited to occasional case reports or small case 
series and only a total of 36 cases reported in the English literature to 
date. It is not possible to establish a cause-effect relationship between 
pregnancy and the aggressive behaviour of MCN with the available 
evidence. It is further complicated by the limitations of available mo
dalities of intervention due to the risk of causing undue harm to the 
developing foetus, making the approach to management of these lesions 
during pregnancy more complex and debatable. 
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Considering the paucity in the data, after a recent experience in the 
management of a pregnancy-associated MCN, we conducted a system
atic review of the available published English literature adding our own 
case data in an attempt to understand the behavior and association of a 
rare entity like pregnancy-associated MCN. 

2. Materials and methods 

We performed a systematic review of the published literature using 
PubMed and Google Scholar databases using the keywords ‘mucinous 
cystic neoplasm’ OR ‘mucinous cystadenoma’ OR ‘mucinous cys
tadenocarcinoma’ AND ‘pregnancy’ AND ‘pancreas. The search was 
restricted to papers published between 1970 and 2022. Only original 
case reports in English text were selected. The titles followed by ab
stracts of the articles were reviewed and only reports wherein MCN of 
the pancreas was diagnosed and/or treated during pregnancy or within 
one-year post-partum were included. Any review articles or non-original 
articles were excluded from the study. Thereafter, a manual search of the 
articles was conducted to look for any reports that were not found in the 
database search. A total of 33 papers were finally included in the review 
(Fig. 1). 

The following variables regarding the patients were extracted from 
the reports wherever available: age, symptoms, parity, pregnancy status, 
gestation at diagnosis, tumor markers, size of the tumor at presentation, 
location of the tumor, pre-operative intervention, progression, cyst 
rupture, gestation at surgery, surgical management, outcome of preg
nancy, surgical complications, histopathology, IHC, post-operative 
chemotherapy, follow-up, recurrence. 

A total of 37 cases, along with our own case, were included in the 
analysis. 

2.1. Our case detail 

A 33-year-old female, P2, L2 presented to us with complaints of 
persistent, progressive abdominal fullness and distension three months 
even after parturition. She also had history suggestive of acute pancre
atitis 15 years ago (at the age of 18 years). General physical examination 
was unremarkable. A firm, 20 × 20 cm lump was palpable in the epi
gastrium. US showed a cystic lesion in the upper abdomen. A subsequent 
Contrast-enhanced computed tomography (CECT) of the whole 
abdomen revealed a well-circumscribed cystic lesion with enhancing 
septa and mural nodule located in the lesser sac, splaying the body and 
tail of pancreas, reaching up to splenic hilum (Fig. 2). The main 
pancreatic duct was not prominent. But, because of the history of acute 
pancreatitis, we further evaluated the patient with contrast-enhanced 
MR with cholangio-pancreaticogram (CE-MRI with MRCP) to rule out 
any ductal communication and the possibility of IPMN (Fig. 1). 
Pancreatic duct was not dilated and no communication of the cyst with 
pancreatic duct was seen. Serum CA 19.9, CEA and CA-125 levels were 
226.8 U/ml, 3.2 ng/ml, and 39.7 U/ml respectively. In view of her 
symptoms and suspicious characteristics on imaging, she was planned 
for distal pancreatectomy and splenectomy. Intra-operatively, a huge 
mass was seen arising from the body and the tail of the pancreas occu
pying the lesser sac, displacing the transverse colon into pelvis. The mass 
was adherent to the mesocolon, spleen, and diaphragm. Distal 

pancreatectomy and splenectomy was done with excision of the trans
verse mesocolon with preservation of the marginal arcade to achieve 
adequate resection margins. The pancreas was divided with linear GI 
stapler (Ethicon 60 blue cartridge) and the pancreatic stump was rein
forced with Prolene 3-0 intermittent mattress suture. The post-operative 
course was uneventful. Drain was removed on postoperative day 5 and 
the patient was discharged in a satisfactory condition. Histopathological 
examination revealed mucinous cystic neoplasm 30x20 × 15 cm in size, 
with high-grade dysplasia and ovarian-like stroma with stromal cells 
showing nuclear positivity for Estrogen and progesterone receptors (ER 
and PR) with all margins free of tumor involvement (Fig. 3). 

Cross-sectional imaging was repeated after one year of follow-up 
which showed no evidence of recurrence and she is currently doing well. 

2.2. Results of the systematic review 

Median age at presentation of 37 patients with pregnancy-associated 
MCN was 32 (range 20–41) years. Twenty-nine patients presented 
during pregnancy in various trimesters and eight patients presented 
within one year after the completion of pregnancy. The patients pre
sented with varying symptom complexes, with abdominal pain being the 
most common complaint (50%) followed by abdominal distension and 
abdominal lump (24% and 18% respectively). Two patients each pre
sented with acute pancreatitis and upper GI bleeding requiring blood 
transfusions. Three (9%) patients were diagnosed incidentally on 
routine antenatal US. A diagnostic MRI was done in nearly all patients 
during pregnancy and a CT for those in post-partum. The mean size at 
diagnosis was 135 (range 15–210) mm. Thirteen patients had a reported 
increase in size of the tumour during the course of evaluation to 
management. 

The tumour was in the pancreatic tail in 13 (35%) patients, body in 
five (14%), head in two (5%), and was involving both body and tail in 15 
(40%). Eighteen (49%) patients underwent the surgery for the MCN 
during pregnancy. Among these Ten patients were operated in their 
second trimester and four each were operated in first and third tri
mesters. Nineteen (51%) patients underwent surgery after index preg
nancy, including our case. Majority of the patients underwent radical 
resections in the form of Distal pancreatectomy (88%), Pancreatico- 
duodenectomy (3%) and subtotal pancreatectomy (3%). Parenchyma 
preserving pancreatic resections like central pancreatectomy (3%) and 
cystectomy or enucleation (8%) were also reported. Cyst rupture was 
reported either pre-operatively or during laparotomy in four (10.8%) 
patients. One patient developed prolonged post-operative pancreatic 
fistula (POPF), but no operative or post-operative mortality was re
ported in any of these patients. 

Thirty-five (95%) patients had completed the pregnancy success
fully. Two (5%) patients underwent abortion during the first trimester 
due to an imminent need for surgery. Among the patients who had 
completed their pregnancy, four (11%; 4/35) were reported to have a 
preterm delivery, while the remaining delivered after the completion of 
the term. There is only one (3%) reported case with intra-uterine growth 
retardation. However, there were no foetal or maternal mortalities re
ported till date. 

All patients reported presence of ovarian-type stroma but with var
iable expression of ER (58%) and PR(73%). Low-grade and high-grade 

Fig. 1. Schematic representation of the systematic review of MCN in pregnancy.  
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MCN were reported in twenty (54%) and eight (22%) patients respec
tively, while mucinous cystadenocarcinoma was reported in nine (24%). 
Two patients with mucinous cystadenocarcinoma were administered 
adjuvant Gemcitabine chemotherapy. The median duration of follow-up 
was 18 months. Of the 9 patients with mucinous cystadenocarcinoma, 
two patients developed recurrence. 

Description of the demographics, presentation, biochemical and 
radiological investigations, management, histopathology and outcome 
of pregnancy of all the 37 patients, including our own is summarised in 
Tables 1–3. 

3. Discussion 

Mucinous cystic neoplasms (MCN) of the pancreas have been known 
as a separate entity for a long time since their first description by 
Compagno and Oertel in 1978.1 They have been characterised as 
mucin-producing, cystic lesions with a well-defined cyst wall without 
connection to the pancreatic duct or its branches.4 However, it was not 
until the late 1900’s when Ganepola suspected a difference in the tumor 
biology and behaviour among pregnant women.6 Although a large 
number of cases of MCN have been reported in the literature, their 

Fig. 2. A) NCCT Abdomen showing a large cyst in the abdominal cavity with septations (black arrow) and solid content within (mural nodule, white arrow) B) The 
mural nodule and septations are seen to enhance on contrast enhanced images C) Contrast enhanced T1w MRI of the same patient showing hypointense fluid within 
cyst cavity with hyperintense mural nodules D) Hyperintense fluid within the cyst on T2w MRI with hypointense mural nodules. 

Fig. 3. A) Gross photograph of the resected cyst with attached spleen. B) Thickened areas of the cyst wall showing complex architectural papillae lined by mucinous 
epithelium (H & E, 100x). C) Lining cells show features of high-grade dysplasia in the form of nuclear stratification, hyperchromasia, and loss of polarity, and 
intervening stroma is cellular having spindle shaped cells reminiscent of ovarian-like stroma (H & E, 400x). D) The adjacent pancreatic parenchyma shows features of 
chronic pancreatitis in the form of loss of acinar tissue, and lymph-mononuclear cell infiltrate (H & E, 200x). The stromal cells demonstrate nuclear positivity for ER 
(E) and PR (F) (DAB chromogen, haematoxylin counterstain, 400x). 
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Table 1 
LOW-GRADE MCN.  

S. 
No 

Author Patient 
Demographics 

Clinical History Progression 
(Increase in 
size) 

Management Histopathology Follow-up 

Age OF Presentation POG at 
Diagnosise 

Size at 
Diagnosisb 

Pregnancy 
Complications 

CEAa CA- 
19-9d 

POG at 
Surgerye 

Size at 
Surgeryb 

Location Surgery Complications OS ER PR Durationc Recurrence 

1. Asciutti 
et al.29 

31 G2P1 Acute 
Pancreatitis 

Immediate 
pre- 
pregnancy 

15 Pre-term LSCS 
due to 
pancreatitis 

NA 213.7 4x in 6 
months 

PP NA Tail Lap. DP + S None + NA NA NA – 

2. Wiseman 
et al.30 

32 G5P2 Abdominal 
pain, 
vomiting 

11 150 Viable till 
Follow-up 

NA NA NA 15 + 5 NA Tail SPj None + NA NA Till 26 
wks POG 

None 

3. Kato et al.31 33 G2P1 NA 15 NA None NA NA 1.4x in 1 
month 

23 220 Body DP + S None + + + NA NA 

4. Ikuta et al.32 30 NA Abdominal 
distension 
and pain 

10 180 Abortion at 10 
wks 

NA NA – 10 NA NA DP None + + + 12 None 

5. Kosumi 
et al.33 

33 NA Back pain 4th month 60 None NA 92 NA PP (2 
wks) 

NA NA DP None + + + NA NA 

6. Ishikawa 
et al.34 

33 G2P1 Abdominal 
lump 

17 120 None NA NA 1.5x in 7 
months 

PP (2 
months) 

180 Body 
and Tail 

DP + S None + – – 7 None 

7. Tica et al.35 27 G1P1 Incidental 29 116 None WNL WNL 1.2x in 4 
months 

PP (2 
months) 

140 Body 
and Tail 

DP None + – – 6 None 

8. Fernandez 
et al.36 

26 G1P1 Abdominal 
pain, 
vomiting 

20 140 None NA NA – 20 150 Tail DP None + NA NA 48 None 

9. Martins 
Filho et al.37 

20 NA Abdominal 
pain and 
distension 

20 150 None NA NA – 22 NA Tail DP + S None + NA NA NA – 

10. Kitagawa 
et al.38 

25 P1 Abdominal 
lump 

PP (10 
months) 

150 None NA 3090 NA PP (11 
months) 

NA Body DP None + NA + NA – 

11. Urabe 
et al.39 

34 G2P1 Abdominal 
pain 

16 160 None WNL 18.5 1.03x in 8 
wks 

PP (1 
month) 

NA Body DP + S Persistent 
POPF 

+ NA NA NA – 

12. Urabe 
et al.39 

40 G3P2 Acute 
Pancreatitis 

33 NA Pre-term LSCS 
due to 
pancreatitis 

WNL 26 NA PP (1 
month) 

120 Tail DP + S Pre-op cyst 
rupture 

+ + – 48 None 

13. Shirakawa 
et al.40 

31 G1P1 Abdominal 
distension 

26 190 None WNL WNL Nil PP (3 
months) 

190 Body 
and Tail 

DP None + + + NA – 

14. Olsen 
et al.41 

25 NA NA 5 50 None NA NA Nil 18 50 Tail DP None + NA NA NA – 

15. Ganepola 
et al.6 

37 G2P1 Abdominal 
pain 

4 55 None NA NA 2.2x in 4 
months 

23 120 Tail DP + S None + – + 60 None 

16. Coral 
et al.42 

26 G2P1 Incidental 3 120 Pre-term LSCS 
for severe Pre- 
eclampsia 

NA NA 2.42x in 5 
months 

PP (1 
month) 

230 Body 
and Tail 

Cystectomy + S None + – + 6 None 

17. Komatsu 
et al.43 

31 P2 Abdominal 
distension 

PP (6 
months) 

150 None NA NA – PP (6 
months) 

150 Tail DP + S None + + + NA – 

18. Carvalho 
et al.44 

32 NA Incidental 31 210 IUGR WNL WNL 1.43x in 11 
weeks 

PP (5 
weeks) 

300 Tail DP None + NA NA 12 None 

19. Berevoescu 
et al.45 

30 NA Abdominal 
pain, 
distension 
and vomiting 

PP (8 
months) 

160 None WNL WNL NA NA 180 Body Central 
Pancreatectomy 
without ductal 
reconstruction 

None + NA NA 24 None 

20. Lee et al.46 35 G2P1 Abdominal 
pain 

26 150 Fetal distress NA 2 – 26 150 Body 
and Tail 

DP + S None + + + 12 None 

OF- Obstetric Formula. 
PP- Post-Partum. 
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Table 3 
MCN carcinoma.  

S. 
No 

Author Patient 
Demographics 

Clinical History Progression 
(Increase in 
size) 

Management Histopathology Follow-up 

Age OF Presentation POG at 
Diagnosise 

Size at 
Diagnosisb 

Pregnancy 
Complications 

CEAa CA- 
19- 
9d 

POG at 
Surgerye 

Size at 
Surgeryb 

Location Surgery Complications OS ER PR Invasion Durationc Recurrence 

1. Ozden et al.52 32 G2P1 Acute 
Abdomeng 

36 150 Pre-term LSCS 
due to Fetal 
distress 

NA NA – 36 150 Tail En- 
masse 
cyst 
excision 

Pre-op cyst 
rupture 

+ – – No LVSI 12 None 

2. Hakamada 
et al.53 

38 G2P1 UGI Bleed 2 yrs Pre- 
preg 

100 None NA NA 1.4x in 2 yrs T2 140 Tail DP + S 
+ PGf 

None + NA + No LVSI 48 Yes 

3. Smithers 
et al.7 

33 NA Acute 
Abdomen 

7 100 Elective MTP at 
8 wks POG 

NA NA – 8 100 Body 
and Tail 

DP + S Pre-op cyst 
rupture 

+ NA NA NA NA NA 

4. Berindoague 
et al.54 

31 NA Abdominal 
pain and 
lump 

PP (2 
months) 

– None WNL WNL – PP (2 
months) 

120 Body 
and Tail 

DP + S None + – – No LVSI NA NA 

5. Revoredo 
et al.49 

30 G1P1 Abdominal 
pain 

17 118 None 4.1 51.9 – 17 150 Body 
and Tail 

DP + S None + + + NA 60 None 

6. Baiocchi 
et al.55 

29 NA Abdominal 
pain and 
lump 

T3 100 None NA NA – PP 100 Tail DP + S None + NA NA Stromal 
invasion 
+

24 None 

7. Iusco et al.56 28 P2 Abdominal 
discomfort 

PP 160 None NA 64.4 – PP 160 Body 
and Tail 

DP + S None + + + No LVSI 6 None 

8. Naganuma 
et al.57 

32 G1P1 Acute 
Abdomen 

34 NA Pre-term LSCS WNL 4750 NA 34 110 Head PDi None + – + No LVSI 36 Yes 

9. Shirakawa 
et al.40 

36 P2 Abdominal 
pain 

PP (3 wks) 150 None WNL WNL 1.06x in 10 
days 

PP (1 
month) 

160 Body 
and Tail 

DP None + – – NA 132 None 

f- Partial Gastrectomy. 
g- Acute abdominal pain warranting immediate intervention. 
h- Pre-term labour. 
i- Pancreaticoduodenectomy. 
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occurrence among pregnant women has been rare. We could find only a 
total of 33 case reports/series published in English literature reporting 
36 cases till date. 

The median age at presentation for MCN in the general population is 
45 years.8 However, according to our review, they seem to present at 
younger age groups in pregnant women than the general population 
(median age at presentation 32 years). 

More than half of the patients with MCN in the general population 
are detected incidentally as reported by Yamao et al. in a multi- 
institutional study, with abdominal fullness (60–90%) and abdominal 
lump being the most common among the symptomatic patients.3,9 

Contrary to this evidence, only 9% patients among the pregnancy 
associated MCN in this review were incidentally detected. Abdominal 
pain (44%) and disproportionate abdominal distension (24%) to the 
stage of pregnancy were the common symptoms reported in this subset 
of population. MCNs also harbour the potential of causing acute 
pancreatitis, secondary to compression of the pancreatic duct as seen in 
9% of the general population.8 In our current review, 14% patients had a 
documented episode of pancreatitis in the past, and 6% patients pre
sented with features suggestive of acute pancreatitis. 

Although complaints of abdominal pain, fullness or vomiting can be 
a normal physiological phenomenon in pregnancy, any new onset and/ 
or worsening symptom during pregnancy should not be ignored and 
must be thoroughly investigated for its cause. Since a myriad of diseases 
can be attributed to the cause of such symptoms, this mandates an US of 
the whole abdomen instead of just a focused obstetric US to rule out the 
common non-obstetric complications in pregnancy such as acute 
appendicitis, acute cholecystitis or pancreatitis. Ultrasonography being 
a cost-effective modality and easily available in most obstetric setups 
can be an important tool to screen for other rare pathologies which have 
the potential to grow rapidly during pregnancy. 

Ultrasonography of abdomen is usually the first abdominal imaging 
done. It can detect presence of a cyst in the pancreas, comment on its 
vascularity and/or presence of any solid components. The sensitivity of 
abdominal US to detect cystic lesions of the pancreas is low (70%), 
which falls further to 27% for lesions in pancreatic tail,10 with the ac
curacy to detect MCN being below 50%.11 Therefore, US abdomen, 
although being a cheap and accessible investigation does little to guide 
the management of these lesions. 

The investigation of choice for MCN is MRI which shows a multi/ 
unilocular macrocyst with hyperintense appearing mucin on T1w im
ages that lacks communication with the pancreatic duct. It is highly 
accurate (88%) to distinguish malignant pancreatic lesions.12 Features 
such as large size (≥3 cm), presence of mural nodules, eggshell calcifi
cation on MRI are predictors for malignant transformation. An EUS-FNA 
with raised fluid CEA (>194 ng/ml) and low amylase is typical of 
MCN.13,14 Even so, pregnancy poses a great limitation to most of the 
modalities of investigation. MRIs, especially those that need contrast 
enhancement, have safety concerns during pregnancy and should be 
performed if benefits outweigh the risk regardless of the period of 
gestation of pregnancy.15 EUS often involves administration of a seda
tive or short-term anaesthesia may pose safety concerns for the devel
oping foetus.16 

Techniques such as microforceps biopsy (EUS-MFB) provide some 
hope for a definitive pre-operative diagnosis of MCN in the future, but 
it’s utility and efficacy is still under evaluation and surgical resection 
currently remains the only method of definitive diagnosis of these 
lesions.17,18 

The role of tumor markers is less reliable for detecting MCN of the 
pancreas. An elevated serum CEA level has a sensitivity of only 17%. If 
two out of the three serum tumor markers (CEA, Ca 19-9 and Ca 125) of 
pancreatic malignancy are raised, it is highly suggestive of a MCN 
(specificity 100%) but the sensitivity drops further down to 13%.11,19 

MCNs are predominantly benign although they harbour a risk of 
malignant transformation. They have been defined as small, slow- 
growing tumors (5 mm/year),20 with large size and/or rapid growth 

suggestive of malignant transformation.4 This, however cannot be 
generalised, as evident from our review wherein the mean size of MCN 
in pregnant patients was double (13.5 cm) that of the general population 
(6 cm 4). Also, this review suggests that growth of the tumor cannot be 
necessarily related to malignant transformation in pregnant patients. 
Only two out of ten patients with MCN in this review, with recorded 
increase in size during the evaluation period had shown adenocarci
noma while the remaining had carcinoma-in-situ or adenomas. How
ever, it must also be noted that most of our review compared size of 
tumors on the first imaging to the size during surgery and/or another 
imaging with a time interval. Since most of the patients underwent an 
US which is subjective and has high interobserver variation, no 
conclusive interpretation on the growth of the lesions can be made until 
prospective trials with set protocols are conducted in the future. 

Since most of the tumors are located within the body and/or the tail 
of the pancreas their management consists of a distal pancreatectomy 
(90–95% patients with pancreatic MCN) with or without splenectomy. 
Even, parenchyma preserving resections in the form of enucleation/ 
excision or parenchyma preserving surgeries (middle pancreatectomy) 
were also reported, for smaller and superficial lesions without any high- 
risk features on cross-sectional imaging.11,21 

Management of MCN during pregnancy poses a complex challenge. 
As it needs a fine balance between the treatment of a complex pancreatic 
tumour and minimising the impact of tumour, its treatment on the 
outcome of pregnancy. Watchful waiting can be considered in some 
patients with small, asymptomatic and slow growing tumors. However, 
complete surgical excision is the definitive management of MCN. Hence, 
the difficult questions to be answered would be the timing of pancreatic 
surgery in pregnancy and the potential impact of surgery on the outcome 
of pregnancy. 

In the current day scenario, even though there are no contraindica
tions for abdominal surgery during the first trimester, the tendency to 
avoid surgery due to the safety concerns of the foetus makes close 
monitoring a chosen option by many experts.22 However, surgery 
cannot be deferred in patients with rapidly growing tumors or when 
there is a high suspicion of malignancy on clinical or radiological 
grounds. In such a scenario the possibility or the need for the termina
tion of the pregnancy has to be decided after a discussion with the pa
tient, her family and the obstetrician. If MCN is detected in the second 
trimester of the pregnancy, the proclivity was more towards the resec
tion of the tumour. This is reiterated by the fact ten out of 18 patients 
were in their second trimester who were operated during the pregnancy 
in this review. Many clinicians believe that this potentially alleviates the 
chance of foetal complications like IUGR and preterm deliveries due to 
the pressure effects of the large MCN on the growing uterus, especially 
when allowed into the third trimester. This is Evident in two patients 
(28%) in the current review who were allowed to continue into their 
third trimester without intervening for MCN had complications like 
IUGR, Foetal distress and preterm delivery. No such complications were 
reported among the patients who had underwent the surgery in the 
second trimester till date. Patients in whom the MCN is detected in the 
3rd trimester surgery can be postponed to the post-partum period, 
although the risk of foetal complications is high. In our review, 4 pa
tients (67%) developed some form of foetal complication although no 
foetal mortality was reported.23–25 

However, we should also understand that pancreatic resections are 
associated with a high risk of post-operative complications and 
morbidity. Most worrisome complication of all is the development of 
POPF which is reported up to 30% patients following distal pancrea
tectomy, which is the most commonly performed resection for MCN as 
noted in this review.26 Even though in our review only a single patient 
was reported to have developed a post-operative morbidity, the poten
tial deleterious effects of POPF on the maternal as well as foetal out
comes cannot be overlooked. Hence every effort should be made to 
reduce the post pancreatectomy complications. This can be achieved by 
the resections being undertaken in a high-volume centres with a 
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multidisciplinary team comprising of experienced pancreatic surgeon, 
obstetrician, Neonatologist, Radiologist and intensivist. 

MCNs have two very distinct histological layers, first the outer 
epithelial layer consisting of mucin-producing cells and the inner layer 
of dense cellular ovarian stroma. It is this stromal layer that distin
guishes MCN from serous cystic neoplasm (SCN) and IPMN. The origin 
of the stromal layer is under debate with some claiming it to be an 
ectopic ovarian stroma incorporated during embryogenesis that gets 
activated during hormonal imbalance; others claim its origin to differ
entiation of persistent foetal periductal mesenchyme. However, both 
these hypotheses have their own fallacies and none has been universally 
accepted.4,27,28 

WHO has divided these tumors into 3 major histologic categories - 
low-grade MCN/mucinous cystadenoma (combining the previous ‘MCN 
with low-grade dysplasia’ and ‘MCN with intermediate-grade 
dysplasia’), high-grade MCN/carcinoma-in-situ and MCN with associ
ated invasive carcinoma/mucinous cystadenocarcinoma. Different se
ries report the prevalence of carcinoma ranging from 7 to 36%. In gross 
distribution, about 70–75% of all MCNs are cystadenomas with the rest 
being carcinoma-in-situ.5,8,9,13,28 Our review is consistent with this 
distribution suggesting that even though the growth of tumors is high 
during pregnancy, the aggressiveness in terms of malignant trans
formation is not increased. 

The epithelium varies in the degrees of dysplasia among different 
patients as well as within the same tumour at different sites suggesting 
presence of a definitive sequence of benign to malignant transformation 
in these tumors. The characteristic temporal association of malignant 
transformation along with presence of benign-looking regions within the 
same malignant cysts also suggests the gradual accumulation of muta
tions for malignant conversion much similar to that described for colo- 
rectal cancer (CRC) although a proper adenoma-carcinoma sequence 
has yet not elucidated among these tumors. 

The expression of ER and PR in MCNs of pancreas is not universal. 
Estrogen receptor is expressed in 78% patients and progesterone re
ceptor in 88% patients.3 Despite MCNs portraying a similar receptor 
expression pattern in pregnant patients as seen in our review, they are 
seen to grow at a much faster pace compared to that of the general 
population. Also, there exists no definitive relation between the growth 
of tumour and expression of estrogen or progesterone receptor accord
ing to our review. This might suggest a complex interplay of other un
known factors which might also influence the difference in tumor 
biology in this subset of patients. However, any further comment on the 
tumor behaviour requires large-scale prospective studies and/or mo
lecular analysis regarding the same. 

Pregnancy-associated MCN being a rare condition, the data available 
is very limited to draw any conclusion in terms of the association of the 
pregnancy and the aggressive behaviour of the Mucinous cystic neo
plasms. However, this review sheds light on potential problems like the 
effect of pregnancy on tumour growth and vice versa. The cumulative 
data in this review reiterates the potential of MCN to attain very large 
sizes causing compression over the growing uterus with a theoretical 
possibility of growth retardation in the foetus along with the risk of 
preterm deliveries affecting the outcome of pregnancy. Even though the 
complication rate after pancreatic surgery in this review was very low, 
the morbidity and mortality associated with pancreatic resections are 
very high and well known. This in turn may have a negative impact on 
the outcomes of pregnancy. As there are no set guidelines for the man
agement in this specific subset of patients, owing to the paucity of data, 
the review reiterates the need to develop robust database which would 
aid the formulation of future guidelines, multidisciplinary discussions 
involving the surgeon, obstetrician, radiologist, patient, and her family 
in order to improve not only the oncological outcomes but also optimize 
the maternal and the foetal safety. 

4. Conclusion 

Pregnancy-associated MCN is a rare entity. Pregnancy may cause a 
rapid increase in size of MCN. However, it may not alter the underlying 
biology of the tumour. Decision-making in the management of MCN 
when associated with pregnancy is more complex as it needs a fine 
balance between optimal oncological and obstetric outcomes. The study 
emphasizes the need for strict reporting of this entity to enable better 
understanding and formulate management guidelines in the future. 
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