[-EDU GROUP

Article

Parity-Dependent Pancreatic Morphological and Morphometric
Changes in Intrahepatic Cholestasis of Pregnancy: An Autopsy Study

Bobir Khoshimov 1

Quoting: Bobir Khoshimov, Sherzod
Kenjayev. Parity-Dependent Pancreatic
Morphological and Morphometric

Changes in Intrahepatic Cholestasis of

Pregnancy: An Autopsy Study. 2026, 5, 2,
6. https://doi.org/10.56121/MSU-2026-2-

00012

Received: 27.02.2026
Corrected: 18.03.2026
Accepted: 20.03.2026
Published: 30.04.2026

Copyright:

OPEN ACCESS

W) Check for updates

, Sherzod Kenjayev *2

1
2

Department of Clinical Sciences, Alfraganus University, Tashkent, 100190, Uzbekistan

Department of Traumatology and Orthopedics, Fergana Medical Institute of Public Health, Fergana, 150100, Uzbekistan
usmleu6 @gmail.com (B.Kh.), sherzodbek.4512@gmail.com (S.K.)
*  Correspondence: sherzodbek.4512@gmail.com; Tel.: +998 95 640 43 93

Abstract:

Aim. To characterise the morphological and morphometric changes of the pancreas, and their
relationship with hepatic injury and pregnancy parity, in women who died with intrahepatic cholestasis
of pregnancy (ICP).

Materials and Methods. An autopsy-based morphological and quantitative morphometric study
was performed on liver and pancreatic tissue from 51 women who died with severe ICP (Republican
Scientific and Practical Center of Pathological Anatomy, 2013-2023), compared with 12 fertile-age
controls who died of acute myocardial infarction. Sections were stained with haematoxylin—eosin
and digitised for morphometry (12 parameters) in 28 index cases and controls; means were compared
using Student’s t-test.

Results. ICP livers showed centrilobular and midzonal hepatocellular cholestasis, bile-pigment
accumulation, hydropic dystrophy and necrobiosis (54.2%), with canalicular bile stasis in 75% of
cases. The pancreas showed bile reflux into major and lobular ducts, segmental acinar necrosis,
vacuolar dystrophy, interstitial oedema, periductal infiltration and progressive fibrosis. All 12
morphometric indices differed significantly from controls (P < 0.01-P < 0.001), and severity
increased with parity, being most pronounced in the third and fourth pregnancies.

Conclusion. ICP is a systemic, bile-acid-mediated toxic condition producing quantifiable, parity-
dependent pancreatic injury alongside hepatic cholestasis, supporting closer pancreatic surveillance
in severe or recurrent ICP.

Keyword: intrahepatic cholestasis of pregnancy, pancreas, liver, morphometry, parity, bile acids,
autopsy, pancreatitis, islets of Langerhans, histopathology.

Introduction

Intrahepatic cholestasis of pregnancy (ICP) is the most common pregnancy-specific liver
disorder, typically presenting with pruritus and elevated serum bile acids in the second or third
trimester [1]. Its estimated incidence lies between 1.5% and 2% of all pregnancies worldwide —
translating into roughly 4.5-9.0 million affected women each year — with even higher regional
prevalence reported in several countries of Central Asia and the Commonwealth of Independent States
[1,2]. Although maternal prognosis is generally favourable, ICP is far from a benign biochemical
curiosity: a two-fold rise in serum bile acid concentration has been associated with a substantially
increased risk of stillbirth and of spontaneous or iatrogenic preterm birth, particularly once bile acid
concentrations exceed 40-100 ymol/L [3,4].

The pathogenesis of ICP centres on impaired canalicular bile acid transport under the influence
of elevated oestrogen and progesterone metabolites, leading to intracellular and systemic bile acid
accumulation [1,5]. Because bile acids are potent detergents and signalling molecules, their supra-
physiological retention is increasingly recognised as a systemic, rather than purely hepatobiliary,
insult: bile acid receptor pathways such as the farnesoid X receptor (FXR) and TGRS govern not only
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hepatocellular and cholangiocyte homeostasis but also epithelial-mesenchymal transition, fibrogene-
sis and apoptosis in bile-exposed tissue throughout the digestive system [6—8]. Experimental models
of ICP have further demonstrated bile-acid-induced mitochondrial dysfunction and disruption of
the Bcl-2/Bax apoptotic balance in placental trophoblasts [9,10], and a recent genome-wide associ-
ation meta-analysis of more than 440,000 women identified genetic loci shared between ICP and
acute pancreatitis, providing the first population-scale evidence that the two conditions may share
pathogenic mechanisms [11]. Consistent with this, isolated case reports have described clinically
overt pancreatitis complicating or preceding severe ICP [12,13], yet a systematic pathomorphological
characterisation of the pancreas in fatal ICP has not, to our knowledge, previously been undertaken.

Given that the exocrine pancreas drains via a duct system anatomically and functionally contin-
uous with the extrahepatic biliary tree, and that bile acids reaching supraphysiological concentrations
are directly cytotoxic to ductal and acinar epithelium [6,14], it is biologically plausible that the
pancreas is a “silent” target organ in ICP whose injury is overshadowed clinically by hepatic and
obstetric manifestations. Whether such injury accumulates with successive pregnancies — a ques-
tion of particular relevance in populations with high parity — has not previously been addressed,
even though parity is already known to modify the natural history of ICP itself [15,16], and novel
biomarkers of cholestatic severity, such as Xenin-25, correlate with hepatic stress and fibrosis indices
[17].

This study therefore aimed to characterise, by autopsy-based light microscopy and quantitative
digital morphometry, the morphological changes of the pancreas — set against the corresponding
hepatic findings — in women who died with severe ICP, and to determine whether the severity of
pancreatic injury is related to pregnancy parity.

Materials and Methods

Study design and ethics

This retrospective, autopsy-based morphological, histochemical and morphometric study was
approved by the Scientific Committee of the Fergana Medical Institute of Public Health (FMIOPH),
minutes dated 25 September 2025. All autopsy material was archival and anonymised, obtained
during routine forensic-pathological examination performed independently of this study. Because the
study used retrospective, de-identified archival tissue rather than data or specimens obtained from
living participants, individual informed consent was waived by the Ethics Committee, consistent
with national regulations governing the use of archival pathological material.

Study population

Liver and pancreatic tissue was retrieved from the archive of the Republican Scientific and
Practical Center of Pathological Anatomy for the period 2013-2023. The main group comprised 51
women of fertile age who died with clinically and biochemically confirmed severe ICP; the control
group comprised 12 fertile-age women, of comparable age, who died of acute myocardial infarction
and had no antemortem or autopsy evidence of hepatobiliary or pancreatic disease. The combined
series (n=51) was stratified by pregnancy parity at the time of death (first, third, fourth and fifth
pregnancy: 7, 41, 11 and 4 cases, respectively) to evaluate a possible parity—severity relationship.

Tissue processing and light microscopy

Standard autopsy samples of liver and pancreas (head, body and tail) were fixed in 10% neutral
buffered formalin, routinely processed, embedded in paraffin, sectioned at 4-5 ym and stained with
haematoxylin and eosin (H&E). Sections were examined by light microscopy at magnifications
ranging from x40 to x400.

Digital morphometry

For quantitative analysis, 28 index cases were selected from the 51 ICP cases; glass slides
from these 28 cases and all 12 controls were digitised using a NanoZoomer whole-slide scanner,
consistent with contemporary approaches to computer-assisted, reproducible histomorphometric
assessment [18,19]. Two-dimensional tangential sections were analysed using three standardised
fields of view — 32,000 um?, 64,000 um? and 128,000 um? — along the X and Y axes. For each
case, 8—10 microsamples were prepared, and the arithmetic mean for each field size was calculated;
case-level means were then averaged across the study and control groups. Twelve parameters were
measured: mean acinocyte nuclear diameter; acinar cell cytoplasmic area; mean cross-sectional area
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of the islets of Langerhans; thickness of the pancreatic interstitium; mean diameter of capillaries and
venules; proportion of acinocytes showing vacuolar/granular dystrophy; number of apoptotic/necrotic
cells per field; periductal inflammatory infiltration density; number of diapedetic haemorrhagic foci;
proportion of the section occupied by connective tissue; desquamation index of the ductal epithelium;
and a composite microvascular congestion index.

Statistical analysis

The relationship between pregnancy parity and pancreatic morphometric severity within the
ICP group was assessed using Spearman’s rank correlation coefficient (p) between parity number
and each morphometric index; a two-tailed P value < 0.05 was considered statistically significant.

Results

Hepatic morphological changes

In ICP cases, hepatocytes of the centrilobular zone (zone 3) showed variable-sized, coarse,
golden-brown to dark-brown intracytoplasmic bile-pigment granules, associated with necrosis of
individual hepatocytes and dense aggregates of pigment-laden macrophages (Figure 1). Bile-pigment
accumulation was not confined to zone 3: hepatocytes of the intermediate, midzonal region (zone 2)
also displayed diffuse, finely granular cytoplasmic bile pigment, with expansion and vacuolisation
of the cytoplasm and progression to hydropic degeneration in the more severely affected cells
(Figure 2). Overall, bile stasis was identifiable within canaliculi and ductules in 75% of cases,
and hepatocellular necrobiosis was present in 54.2% of cases, most often accompanied by mixed
macrophage-lymphocytic portal and lobular infiltration.

Figure 1. Liver, intrahepatic cholestasis of pregnancy. Centrilobular hepatocytes contain coarse intracytoplasmic
bile-pigment granules with individual-cell necrosis and pigment-laden macrophages. H&E, x400.

Pancreatic morphological changes

The pancreas showed morphological evidence of biliary reflux and secondary acinar injury.
Bile-tinged fluid was identified within the lumen of the main and lobular excretory ducts (Figure 3),
and the acini draining into an affected duct showed segmental coagulative necrosis of the acinar
epithelium, together with hyaline-droplet and hydropic degeneration of the surviving acinocytes.
Around the larger ducts, periductal connective tissue was thickened and, in the more advanced
cases, replaced by dense, hyalinised fibrous tissue, producing a pattern of periductal sclerosis
(Figure 4). The parenchyma showed marked microvascular congestion, perivascular and periductal
lymphohistiocytic infiltration, foci of neutrophilic infiltration with phagocytic activity around necrotic
areas, interstitial oedema, and, in the more severe cases, foci of fibrinoid swelling and perivascular
hyalinosis (Figure 5). Islets of Langerhans did not show frank necrosis but were reduced in cross-
sectional area, with an altered ratio of pale-staining to dark-staining endocrine cells, consistent with
diminished secretory activity. In advanced cases, capsular oedema, subcapsular congestion, foci of
adipose-tissue invagination between lobules, and intraductal and periepithelial calcification were
additionally observed.
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Figure 2. Liver, intrahepatic cholestasis of pregnancy. Diffuse, finely granular cytoplasmic bile pigment with
cytoplasmic expansion and hydropic degeneration in zone 2-3 hepatocytes. H&E, x400.

Figure 3. Pancreas, intrahepatic cholestasis of pregnancy. Low-power view of pancreatic lobules with a bile-
containing excretory duct (upper left) and mild interlobular changes. H&E, x 100.

Figure 4. Pancreas, intrahepatic cholestasis of pregnancy. Main excretory duct surrounded by thickened,
hyalinised periductal connective tissue (periductal sclerosis), with adjacent acinar atrophy. H&E, % 100.

Quantitative morphometric findings

All twelve morphometric parameters differed significantly between the ICP and control groups
(Table 1). Compared with controls, ICP cases showed a smaller mean acinocyte nuclear diame-
ter (5.1240.28 vs 6.45+£0.32 um; P <0.001) and reduced acinar cytoplasmic area (112.4+£5.8 vs
145.8+6.4 ;lmz; P <0.001), consistent with cellular atrophy and dystrophy. The mean cross-sectional
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Figure 5. Pancreas, intrahepatic cholestasis of pregnancy. Acinar parenchyma with periductal/perivascular

A
lymphohistiocytic infiltration and scattered pigment deposition. H&E, x100.

area of the islets of Langerhans was smaller in ICP cases (2680.24:112.9 vs 3205.4+124.6 um?;
P <0.01). Interstitial and vascular parameters increased markedly: interstitial thickness (38.744.2
vs 12.4+1.5 ym), mean capillary/venular diameter (18.512.1 vs 7.8£0.9 #m) and the microvascular
congestion index (3.9+0.5 vs 1.0+0.2) were all significantly higher in ICP cases (all P <0.001).
Degenerative and inflammatory indices were likewise elevated: the proportion of acinocytes with
vacuolar/granular dystrophy (46.8+5.1% vs 4.21+0.8%), the number of apoptotic/necrotic cells per
field (9.441.2 vs 1.1£0.3), periductal inflammatory infiltration density (74.6£8.3 vs 15.24+2.6
units/mmz), diapedetic haemorrhagic foci (6.8+1.1 vs 0.5£0.2 units/mmz), connective-tissue propor-
tion (16.3£2.4% vs 5.11+0.7%) and ductal-epithelial desquamation index (28.41+3.7% vs 2.3+£0.5%)
were all significantly higher in ICP cases than in controls (all P <0.001).

Table 1. Pancreatic morphometric parameters in ICP cases versus controls (mean =+ SD).

Morphometric parameter Control group (n=12) ICP group (n=28) P value
Acinocyte nuclear diameter (ym) 6.45 £0.32 5.12£0.28 < 0.001
Acinar cell cytoplasmic area 145.8 + 6.4 1124 +5.8 < 0.001
(pm*)

Mean area of isles of 3205.4 + 124.6 26802 + 112.9 <0.01
Langerhans (ym®)

Pancreatic interstitium thickness 1D4+15 387 4 42 < 0.001
(pm)

Mean diameter of 78£09 185421 <0001
capillaries/venules (m)

Acinocytes with

vacuolar/granular dystrophy (%) 42+08 468 £5.1 < 0.001
é;))optotlc/necrotlc cells per field 11403 94412 < 0.001
Periductal inflammatory

infiltration density (units/mm?2) 152£26 746+ 83 < 0.001
D1a.pedet102 haemorrhagic foci 05402 68+ 1.1 < 0.001
(units/mm<)

Connective-tissue proportion (%) 5.1+£07 163 £24 < 0.001
Puctal-eplthehal desquamation 23405 284 437 < 0.001
index (%)

Microvascular congestion index 1.0+£02 39+£05 < 0.001

Relationship with pregnancy parity

Stratification of the combined autopsy series (n=63; 51 ICP and 12 control cases) by parity
showed that seven cases occurred in the first pregnancy, 41 in the third pregnancy, 11 in the fourth
pregnancy and four in the fifth pregnancy, with the third and fourth pregnancies together accounting
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for the large majority of severe ICP-associated pancreatic pathology. When morphological severity
was mapped against parity (Table 2), women in their first or second pregnancy showed predominantly
vascular changes (capillary dilatation, perivascular oedema, occasional diapedetic haemorrhage)
with little or no pancreas-referable clinical expression; women in the third pregnancy showed
an intermediate pattern of periductal sclerosis, acinar dystrophy and focal necrosis together with
transient or gestational hyperglycaemia; and women in the fourth or later pregnancies showed
the most advanced pattern, with massive periductal and perilobular sclerosis (pancreatic fibrosis),
angiosclerosis, shrinkage and dystrophy of the islets of Langerhans, and clinical features consistent
with a hepato-biliary-pancreatic syndrome with latent exocrine insufficiency.

Table 2. Clinical-morphological grading of pancreatic involvement by pregnancy parity (based on 63 autopsy

cases).
Pregnancy par- | Severity Principal pathomorphological features Clinical expression
ity
. .. Pre.domlnantly vascular Char}ges: ca.lplllary-dllatatlon, Usually latent or minimal; few pancreas-referable
1st pregnancy Mild / ini- | perivascular oedema, occasional diapedetic haemor- .
. complaints.
tial rhage.
Interstitial-pancreatitis pattern; early periductal scle- . . .
3rd pregnancy Moderate rosis; acinar dystrophy with focal necrosis. Transient/gestational hyperglycaemia.
Massive periductal/perilobular sclerosis (pancreatic | Hepato-biliary-pancreatic syndrome; latent exocrine
4th  pregnancy | Severe fibrosis), perivascular angiosclerosis, shrinkage and | insufficiency; exacerbation of otherwise silent
and beyond dystrophy of islets of Langerhans. chronic disease.

Discussion:

This autopsy-based study demonstrates that intrahepatic cholestasis of pregnancy is associated
with reproducible, quantifiable structural injury to the pancreas that parallels — and, in advanced
cases, may outlast — the well-recognised hepatic cholestatic lesion. All twelve morphometric indices
distinguished ICP cases from controls with high statistical confidence, and the constellation of
segmental acinar necrosis, periductal sclerosis, microvascular congestion and islet shrinkage more
closely resembles a chronic, low-grade obstructive-toxic pancreatitis than an incidental post-mortem
artefact.

These findings are consistent with, and mechanistically plausible in light of, current under-
standing of bile acid biology. Once serum and biliary bile acid concentrations exceed physiological
thresholds, bile acids act as direct detergents on cell membranes and as signalling ligands for FXR
and TGRS, receptors expressed not only in hepatocytes and cholangiocytes but also, functionally,
in ductal and acinar pancreatic epithelium, reflecting the shared embryological origin and anatom-
ical continuity of the extrahepatic biliary tree and the main pancreatic duct [6—8]. Activation of
TGR5-cAMP-PKA-CREB signalling has been shown to drive epithelial-mesenchymal transition
and transforming growth factor-B1-mediated fibrosis in cholangiocytes exposed to retained bile
[8], a pathway that could plausibly extend to periductal pancreatic fibroblasts and help explain the
periductal sclerosis observed here. Similarly, the bile-acid-induced mitochondrial dysfunction and
Bcl-2/Bax-mediated apoptosis documented in ICP placental trophoblasts [9,10] provide a mechanistic
template for the acinar-cell necrosis and dystrophy observed in the present series, since both cell types
are exposed to comparably elevated systemic bile acid concentrations. A genome-wide association
meta-analysis reporting genetic susceptibility loci shared between ICP and acute pancreatitis [11]
lends independent, population-level support to a true biological association rather than a chance
histological coincidence, and case reports of clinically overt pancreatitis in the setting of severe ICP
or acute fatty liver of pregnancy [12,13] indicate that, in a minority of women, this sub-clinical
morphological injury may cross the threshold into overt disease.

The relationship between parity and ICP is complex. Larger cohort studies have found that a
parity of one or more pregnancies is associated with a reduced risk of developing ICP in a given
pregnancy [15]. Our findings do not contradict this: rather, they concern women who had already
developed ICP, in whom the severity of pancreatic structural injury increased with successive affected
pregnancies, being most advanced in the third and fourth pregnancies. This is compatible with a
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cumulative-exposure model, in which repeated episodes of gestational bile acid elevation produce
incremental, only partially reversible structural damage to the pancreatic interstitium and ductal
system, analogous to the cumulative fibrotic response observed in recurrent biliary obstruction outside
pregnancy. Nutritional and metabolic co-factors may compound this effect: ICP is itself associated
with reduced gestational weight gain and multiple micronutrient deficiencies [16], and, separately,
maternal metabolic stress is known to impair fetal and offspring pancreatic islet development and
B-cell mass [20,21], suggesting that the maternal—fetal pancreatic axis as a whole may be particularly
vulnerable during cholestatic pregnancies.

From a clinical standpoint, current guidance for ICP centres on serial bile acid measurement,
ursodeoxycholic acid therapy and individualised timing of delivery to reduce the risk of stillbirth
[2,5]. Our findings suggest that, in women with severe or recurrent ICP — particularly those in
their third or later pregnancy — clinicians might reasonably consider screening for subclinical
pancreatic involvement (serum amylase/lipase, or careful attention to epigastric symptoms), given
that a definable minority of ICP cases in the literature progress to overt pancreatitis [12,13]. Rapid,
automated enzymatic bile acid assays now allow same-day quantification of total bile acids [22],
which could, in principle, support closer biochemical surveillance in these women without the
turnaround delay associated with chromatographic methods.

A methodological strength of this study is the use of digital whole-slide scanning and standard-
ised field-of-view morphometry, an approach increasingly favoured over purely qualitative assessment
because it yields reproducible, quantifiable indices amenable to formal statistical comparison [18,19].

This study has several limitations. First, because material was derived exclusively from autopsy
cases, the findings necessarily represent the most severe, fatal end of the ICP spectrum and cannot be
extrapolated to the much larger population of women with mild, medically managed ICP. Second, the
retrospective, single-centre design and modest sample size — particularly the 28-case morphometric
subset — limit statistical power and generalisability. Third, no antemortem biochemical or functional
pancreatic data (amylase, lipase, faecal elastase) were available for correlation with the morphological
findings. Finally, although the control group was free of hepatobiliary or pancreatic disease, it
was drawn from women who died of acute myocardial infarction and may not fully represent a
metabolically “normal” comparator.

Prospective, multicentre studies combining biochemical pancreatic markers, imaging and, where
feasible, biopsy-based morphometry in women with varying ICP severity and parity are warranted to
confirm and extend these observations, and to determine whether pancreatic involvement contributes
independently to the adverse maternal and perinatal outcomes already attributed to ICP.

Conclusions

Intrahepatic cholestasis of pregnancy should be regarded as a systemic, bile-acid-mediated dis-
order rather than a condition confined to the hepatobiliary tree. In this autopsy series, severe ICP was
consistently accompanied by quantifiable pancreatic injury — acinar dystrophy and necrosis, periduc-
tal sclerosis, microvascular congestion and islet shrinkage — that paralleled the well-established
hepatic lesion and increased in severity with successive affected pregnancies, particularly the third
and fourth. These findings support incorporating pancreatic awareness into the clinical evaluation of
women with severe or recurrent ICP and provide a morphological rationale for prospective studies of
pancreatic exocrine and endocrine function in this population.
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ICP Intrahepatic cholestasis of pregnancy
H&E Haematoxylin and eosin
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FXR Farnesoid X receptor

UDCA  Ursodeoxycholic acid
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