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Abstract

Objective: Ovarian hyperstimulation syndrome (OHSS) is a life-threatening iatrogenic compli-
cation of controlled ovarian hyperstimulation (COH) used in the treatment of infertility. OHSS is
classified into four categories according to the severity of clinical findings and symptoms as mild,
moderate, severe and critical. Although it is a fatal condition in the advanced stages, its patho-
genesis is still not clearly understood. Therefore, this study aimed to define the organ damage
that plays a role in the clinical course of OHSS and to evaluate the effects of OHSS severity on the
kidney, liver, and lung both histomorphologically and histopathologically.

Methods: Our study employed 21 female immature wistar albino rats (22 day-old, weighing
30-40 g). The rats were randomly divided into three groups: the control group (n=7), moderate
OHSS group (n=7) and severe OHSS group (n=7). The OHSS model was established with sequen-
tial injections of pregnant mare serum gonadotropin (PMSG) and human chorionic gonadotropin
(hCG). Weight loss/gain (total body weight on the last day — total body weight on the first day) and
organ weights of the rats were recorded. A routine tissue processing procedure was performed
for the kidney, liver and lung fixed with formaldehyde. General histomorphological structures and
damage evaluations of organs were made from sections stained with hematoxylin and eosin.

Results: In the intra-abdominal macroscopic evaluation, there was an increase in the size of the
ovary, enlargement of the fallopian tubes and dilatation of the colon. The whole body and or-
gan weights of the severe OHSS group were significantly higher than those of the control group
(p<0.01). Statistically significant differences were noted in proximal tubule dilatation and increased
necrosis in the kidney, sinusoidal and vascular congestion in the liver, degeneration in hepatocytes
and in the scoring of lung damage (p<0.01).

Conclusion: Our study is the first to examine the histomorphological and histopathological ef-
fects of OHSS severity on the kidney, liver and lungs in rats. The data we obtained describe the
organ damage caused by the severity of OHSS. Our findings can contribute to the elucidation of
the pathogenesis of OHSS and the treatment process.
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INTRODUCTION

Ovarian hyperstimulation syndrome (OHSS) is a life-threatening iatrogenic complication of controlled ovarian
hyperstimulation (COH) during assisted reproductive techniques (ART). OHSS is classified into four categories
according to the severity of clinical findings and symptoms as mild, moderate, severe and critical. Mild OHSS
cases are characterized by abdominal bloating and mild ascites, while there is ultrasound evidence of ascites,
moderate abdominal pain, and nausea/vomiting in moderate OHSS cases. In severe OHSS cases, there are
clinical ascites, oliguria, hematocrit values higher than 0.45, hyponatremia, hypo-osmolarity and hyperkalemia.
Critical OHSS cases are characterized by tense abdomen, wide hydrothorax, hematocrit value higher than 0.55,
thromboembolism and acute respiratory distress. In all in vitro fertilization (IVF) cycles, the incidence is 20-33%
for mild OHSS, 3-6% for moderate OHSS, and 0.1-2% for severe and critical OHSS. The clinical manifestations of
moderate, severe and life-threatening OHSS are believed to stem from increased vascular permeability due to
the overproduction of vasoactive substances such as angiotensin and vascular endothelial growth factor (VEGF).
Intravascular fluid moves into the interstitial spaces with these angiogenic factors and blood pressure decreases.
This situation might be resulted in death due to ascites, pleural effusion, hypotension, multiorgan failure, oliguria
following acute renal failure and thromboembolism. (1,2).

OHSS is a potentially fatal condition and its pathogenesis is not clearly understood. Today, researchers have been
unable to prevent the development of OHSS, despite trying different treatments for the predicted pathogenesis
to prevent OHSS. Therefore, further research is needed on the mechanisms causing OHSS or mediating the
prevention of OHSS.

In the literature, the damage to internal organs caused by severe OHSS in humans has been evaluated
with biochemical analyses (AST, ALT, GFR, creatinine), but the affected organs have not been evaluated
histopathologically (3-6). Since animal experimental models are often preferred in the evaluation of diseases of
unknown pathogenesis in humans, we have based our study on animal experimental models (7-11) representing
OHSS severity classifications and aimed to examine the histomorphological and pathological effects of OHSS
severity on the kidney, liver and lung.

MATERIALS AND METHODS
Experimental design

The experimental procedure of this study was approved by the Dokuz Eyldl University Local Ethical Committee
(Protocol No. 36/2021). The study was conducted in the Dokuz Eylul University Experimental Animals Laboratory
in August 2021. It included 21 female immature wistar albino rats (22 days old, weighing 30-40 gr). Immature rats
were used because they were compatible with similar studies in the literature and their previous cycles were not
affected by the corpus luteum (7,12). During the experiment, the rats were kept in an environment where they
could access water and food ad libidum at an average temperature of 22 °C, 20-40% humidity, 12 hours a day
and 12 hours a night cycle.

The total body weight of the rats was measured on the first day and the last day of the experiment. The rats were
randomly divided into three groups: control group (n=7), moderate OHSS group (n=7), and severe OHSS group
(n=7). The control group was injected with 0.1 ml 0.9% sodium chloride (NaCl) i.p. for 6 consecutive days starting
from the postnatal 22nd day. The moderate OHSS group was given 10 IU pregnant mare serum gonadotropin
(PMSG). The PMSG was prepared in 0.1 ml 0.9% NaCl for 4 consecutive days starting from the postnatal 22nd
day.Then, 10 IU and human chorionic gonadotropin (hCG) (i.p.) was prepared in 0.1 ml 0.9% NaCl on the 26th
postnatal day (8,9). The severe OHSS group was given 10 IU PMSG prepared in 0.1 ml 0.9% NaCl for 4 consecutive
days starting from the postnatal 22nd day and 30 IU hCG (i.p.) prepared in 0.1 ml 0.9% NaCl on the postnatal
26th day (7,8,9,12). All subjects were sacrificed on the postnatal 28th day (7-9,12). The abdomen was opened and
model formation was evaluated macroscopically by qualitative methods such as ovarian size, the width of the
fallopian tubes and colon morphology (13,14). Then, the lung, liver and kidney were excised. The weights of the
removed organs were recorded and the organs were fixed in 4% formalin.

Histomorphological and histopathological examinations

Tissues fixed with formalin were embedded in paraffin 48 hours later and 5 micrometer thick sections were taken
from these paraffin blocks. Hematoxylin and eosin (H&E) and periodic acid-schiff (PAS) staining protocols were
applied. The histomorphological structures and general tissue properties of the organs were evaluated from
sections stained with H&E. Ten preparations were selected from each group and 10 fields from each preparation
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were photographed with an Olympus BX15 microscope (Olympus, Tokyo, Japan). Blind scoring was performed
by a pathologist who did not know the group names and characteristics.

To assess the thickness of the epithelial and subepithelial smooth muscle layers of the bronchioles in the lung,
four measurements were made in each airway at the 3, 6, 9 and 12 oclock positions. Approximately 20 airways of
each animal were evaluated, with two or three airways from each section.

Sections of the kidney were evaluated with PAS-stained preparations to easily distinguish between proximal and
distal convoluted tubules. Morphometric analysis of renal corpuscles, glomeruli and proximal convoluted tubules
(PCT) was performed from these sections (16). To randomize 10 renal corpuscles to be selected per animal, the
area of the kidneys was chosen from their upper, middle and lower parts. For each group, 70 renal corpuscles
and their associated glomeruli and 210 proximal convoluted tubules were analyzed at X400 magnification. The
area, diameter, perimeter and radius were measured for both the renal body and the glomerulus. In addition, the
area, perimeter, diameter, radius and lumen area of the three PCTs adjacent to the specific renal corpuscles to be
evaluated were measured. The urinary space was calculated by subtracting the glomerular area from the renal
corpuscle area. Measurements were made with the ImageJ software.

In the pathological evaluation of the kidney, inflammatory cells, necrosis, loss of cell structure, edema, granular
appearance, vacuolization and fibrosis parameters were scored. Eckhoff’s scoring and Suzuki scoring parameters
were used for liver injury scoring (17-19). Kidney and liver scores were classified as absent (0), mild (1), or moderate
(2) (20). The lung injury scoring system of the American Thoracic Society was used in the histopathological
evaluation of the lung (21). At least 20 random regions were independently scored from 0 to 2.

Statistical analysis

The SPSS 24.0 software was used for analysis. All data were presented as the mean + standard deviation.
Histopathological evaluation scores were evaluated with Kruskal-Wallis and Mann-Whitney U tests (22). Subject
body and organ weights and kidney morphological measurement comparisons were made using one-way
ANOVA and post hoc Bonferroni test (23). P values less than 0.05 were considered statistically significant.

RESULTS
Macroscopic evaluation

In the intra-abdominal macroscopic evaluation, there was an increase in ovarian size, enlargement of the fallopian
tubes and dilatation of the colon. Body weight and organ weight measurements on the last day were significantly
higher in the severe OHSS group than in the control group. There was no significant difference between the
moderate OHSS group and the control group (Figure 1).
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Figure 1. Body weight (A) and organ weight (B) measurements. (*p<0.01, severe OHSS group vs other groups).

Microscopic evaluation
Liver histomorphological and histopathological evaluation

Although liver index and liver function tests are important indicators to reflect the severity of liver damage, the
gold standard is still histopathological examination. In the liver sections of the control group, sinusoids extending
from the central veins and portal triad with normal histological structures were observed. Normal shape and
healthy chromatin structure were detected in hepatocytes. There was no significant difference between the
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control and moderate OHSS groups.

In the severe OHSS group, there were edema around the central vein, enlarged sinusoids, and dilatation in the
portal triad structure. There was a significant difference between the severe and control and moderate OHSS
groups (p<0.01). In addition, pyknosis, vacuolization and degeneration were significantly higher in hepatocytes, as
evaluated by liver injury scoring. In severe OHSS, there were necrotic areas, hemorrhagic areas and mononuclear
cell infiltration in some places (Figure 2).
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Figure 2. Light micrographs of rat liver tissue stained by H&E in the control (A, D) and OHSS groups (B, C, E, F)
(40X), G. Scores of the histological changes in liver sections (Eckhoff’s score, degeneration of hepatocytes, nuclear
pyknosis, sinusoidal dilatation, mononuclear cell infiltration, vasculature congestion, hemorrhage). Black arrow;
nuclear pyknosis, blue arrow; sinusoidal dilatation, red arrow; vascular congestion, green arrow; degeneration of
hepatocytes, orange arrow; mononuclear cell infiltration, purple arrow; hemorrhage. (*p<0.01, severe OHSS group

vs other groups).

Kidney histomorphological and histopathological evaluation

Vacuolization, pyknosis, dilatation, medullary congestion and Jablonski scoring necrosis parameters were scored
in the histopathological evaluation of the kidney. For each parameter, the scores of the control group were
significantly lower than those of the moderate and severe groups. There was no significant difference between
the moderate and severe groups for vacuolization, dilatation and pyknosis parameters. There was a statistically
significant difference between the moderate and severe groups for necrosis, Jablonski, cast formation, brush and
medullar congestion parameters (Figure 3).

In the morphological evaluation of the kidney, area, perimeter and diameter measurements were performed
for the renal corpuscle, glomeruli, proximal tubule and proximal tubule lumens. Renal corpuscle and glomeruli
measurements were significantly lower in the control group than in the moderate and severe groups. There was
no statistically significant difference between the moderate and severe groups. Proximal tubule measurements
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were significantly lower in the control group than in the moderate and severe groups. There was no significant
difference between the moderate and severe groups. The proximal tubule lumen measurements of the control
group were significantly lower than those of the moderate and severe groups. There was also a significant
difference between the moderate and severe groups. Urinary space measurements of the control group were
significantly lower than those of the moderate and severe groups. There was no statistically significant difference
between the moderate and severe groups (Figure 3).
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Figure 3. A. Light micrographs of rat renal tissue stained by PAS in the control (A) and OHSS groups (B-C) (40X).
D) Renal injury scores (cellular vacuolization, tubular dilatation, nuclear pyknosis, necrosis, cast formation, brush
border loss, Jablonski score, medullary congestion). The evaluation of area, perimeter, and diameter measurements
of the glomerulus (E), renal corpuscle (F), renal space area (G), proximal tubule (H), and proximal tubule lumens (I).
Black arrow; necrosis, yellow arrow; cellular vacuolization, orange arrow; tubular dilatation. (*p<0.01, Group severe
OHSS group vs. other groups).

Lung histomorphological and histopathological evaluation

In the severe OHSS group, neutrophils in the alveolar and interstitial space, proteinaceous residues filling the
air spaces and alveolar septal thickening parameters were statistically significant. Hyaline members were not
observed in any of the three groups (Figure 4). Epithelial height and muscle layer thickness measurements of
bronchioles were also significant (Figure 4).
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Figure 4. The effect of OHSS on lung histology (A-F) (40X, H&E), G. Lung injury scores (neutrophils in the alveolar
space, neutrophils in the interstitial space, hyalin members, proteinaceous debris, alveolar septal thickening), H.
Epithelial height and muscle layer thickness measurements of bronchioles. Black arrow; proteinaceous debris, yellow

arrow; neutrophils in the interstitial space, red arrow; alveolar septal thickening. (¥*p<0.01, severe OHSS group vs.

DISCUSSION

COH is administered to patients to develop follicles during ART. The COH protocol or drug dose (normal, moderate
or high) changes according to the clinical characteristics of the patient. OHSS is a life-threatening iatrogenic
complication of COH. Depending on the severity of OHSS, clinical indings differ in patients. In advanced stages, it
might be resulted in multiple organ failures (renal, hepatic, and respiratory dysfunction) and even death (1,2). This
information led us to think that the severity of OHSS may differentially affect the histopathological findings of the
organs. Therefore, we added moderate and severe OHSS groups to our study in addition to the control group.
In the literature, Kasap et al. found that OHSS severity had a significant effect on body weight gain and ovarian
weight in moderate and severe OHSS groups. This finding was interpreted as OHSS increasing fluid accumulation
in the body, thus proving that they could create the OHSS model in rats (7). Similarly, we recorded body and
organ weight gains in our macroscopic evaluation, particularly in the severe OHSS group, proving that we had
successfully constructed our model.

Ohba et al. reported an increase in liver weight in the severe OHSS model but did not perform a histopathological
evaluation of the organ (24). Similarly, we recorded the increase in liver weight and evaluated kidney and lung
weights as well. We interpreted that the reason for the increase in liver weight was due to edema. In our study,
the increase in liver, kidney and lung weights compared to the control group showed that these organs were also
affected by the severity of OHSS.
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In the literature, the effects of OHSS were evaluated histopathologically only in the ovary. However, our study
aimed to evaluate organs beyond the ovary. Previous studies have evaluated the effect of OHSS on the kidneys
through biochemical parameters (GFR, urea, creatinine) in humans and experimental animal models. Recent case
reports have reported deteriorations in kidney, liver and lung function tests (25-27). During treatment, renal and
liver function tests were observed to regenerate with strict fluid therapy monitoring and supplements such as
human albumin solution to maintain intravascular volume (27).

In our study, tubular damage included vacuolization, pyknosis, brush border loss and cast formation in severe
OHSS, whereas tubular damage was recorded as milder in moderate OHSS. The Jablonski scoring reflects the
severity of proximal tubule necrosis. In severe OHSS, we observed histopathological findings to be consistent with
acute renal failure, showing that tubular damage may play a role in the etiology.

Alteration of the glomerular structure can lead to decreased renal function due to its effects on tubular function.
The increase in glomerular size can be attributed to compensation mechanisms. In our study, urinary space was
significantly increased in the OHSS groups compared to the control group. This increase in the urinary space
can be attributed to an increase in the renal corpuscle area or an increase in the glomerular area due to the
deterioration of the cell architecture. The proximal tubule lumen increase may be attributes to the loss of the
brush border of the proximal tubules, which would severely affect the reabsorption of essential molecules in the
body. Although the effect of OHSS on tubular function has not been demonstrated in mice, our study has proved
that it can cause tubular damage.

The literature has discussed hepatocellular dysfunction caused by severe OHSS with elevated serum AST and ALT.
In our study, we supported this idea with our histopathological data. We microscopically evaluated portal vein
and hepatic artery structures, the two main vessel structures providing blood supply to the liver. The presence
of pathological edema in the vascular structures of the liver was remarkable. Similarly, dilatation was observed in
the sinusoids opening to the hepatic artery, which can be attributed to edema in the vessels. We interpreted that
VEGF and its associated vascular permeability increase, which are discussed most in the pathogenesis of OHSS,
may be the underlying cause of edema in the vascular structures of the liver.

Hepatocytes are the basic cells of the liver that perform its function. If there is degeneration in hepatocytes, the
loss of function is inevitable. The remarkable damage in hepatocytes in our study suggested that the damage may
cause loss of organ function. In particular, necrotic areas in the liver can cause irreversible damage and accelerate
death. Our results showed the presence of intense cytoplasmic vacuolization and moderately necrotic cell foci in
the liver structure of rats with severe OHSS. Necrosis is characterized by organelle swelling with cell degeneration
and shrinkage and dissolution of nuclei followed by amorphous cytoplasm. Cytoplasmic vacuolation refers to
excessive lipid accumulation in cytoplasmic vesicles, but vacuolar formation has also been suggested as a cellular
defense mechanism against toxic substances. Decomposing these substances in vacuoles may be a way to
prevent them from interfering with cellular metabolism.

Limitations:

This study has some limitations. Its sample sizes are small. We limited animal mortality with fewer rats. We know it
is challenging to evaluate the severity of OHSS based on animal studies only. More information may be obtained
through further human research.

CONCLUSION

The damage observed in the OHSS might be resulted in multiorgan failure and death. Therefore, treatment
planning is critical. In treatment planning, it is crucial to focus on symptom-oriented planning that will regress
the etiology. Damage to organs plays a role in the emergence of symptoms. Therefore, our study aimed to
histopathologically examine the effects of OHSS on the kidneys, liver and lungs depending on the severity. We
believe that our data have helped to define the damage in organs and contributed to the elucidation of OHSS
pathogenesis and the treatment process.
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