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DISCUSSION
The most prevalent NAFLD and liver illnesses are 
becoming global public health concern13. The 
NAFLD (steatosis hepatic and NAFL) and steatohep-
atitis (NASH), which are both characterized by 
fibrosis, hepatocyte lobular inflammation, and 
ballooning may proceed with cirrhosis and, in rare 
cases, hepatocellular carcinoma14.

Diabetes and NAFLD development are both 
correlated risk factors for obesity and physical 
inactivity. According to several studies, the preva-
lence of NAFLD in people with TIIDM ranges roughly 
between 34 and 94%15. If a person has NAFLD, their 
chance of acquiring diabetes is about five times 
higher. The insulin resistance, hepatic triglyceride 
(TG) dyslipidemia factors buildup in NAFLD and a 
faulty B-cell in TIIDM may all contribute to the link 
between NAFLD and type II diabetes16. Patients with 
TIIDM showed a higher chance of advanced liver 
disease development, such as hepatocellular carci-
noma, fibrosis, and cirrhosis as compared to healthy 

people17. The role of diabetologists is crucial in 
identifying type II diabetes patients with higher 
NAFLD complications. But, thanks to recent 
advancements in the diagnosis of NAFLD and 
various phase III trials for NASH-specific therapies, an 
evolved caring plan is initiated for integrated multi-
disciplinary controls in such matters18.

The NAFLD prevalence in type II diabetes patients 
and its relationship to the resistance of insulin were 
assessed in 2017, and it was found that 45% of 
patients with NAFLD showed higher rates leading to 
central obesity (as determined by waist-hip ratio, 
BMI, and waist circumference), higher triglyceride 
and HbA1c levels19. As a result, among TIIDM 
patients, insulin resistance and the occurrence of 
NAFLD appear to be associated20.  Higher NAFLD 
statistics were discovered in the current investiga-
tion, however, BMI had no significant effect. 

This study compromised the results in agreement 
with a cross-sectional study that evaluated NAFLD 

prevalence and identified predictive factors related 
to NAFLD among South Asian Pakistani patients with 
Metabolic Syndrome (MS) and type II DM. The prev-
alence of NAFLD overall was 72.4%, and it was 
greater in patients with dyslipidemia, obesity, and 
HTN21. While higher values were observed among 
males than females. In this group, people with type II 
diabetes and metabolic syndrome, NAFLD preva-
lence was higher. Additionally, it was discovered 
that the growing MS components were linked with 
larger NAFLD risks, in addition to the fact that NAFLD 
was highly connected with MS22. 

Similar to one previous study, this study established 
NAFLD prevalence and pinpointed risk factors in 
type II DM patients with NAFLD. In NAFLD individuals 
with Type II DM, obesity and high liver enzymes, 
triglycerides, and cholesterol are considerably 
elevated. It emphasizes the significance of routine 
lipid profiles and liver function testing in individuals 
with type II diabetes, who must be closely monitored 
for liver consequences and NAFLD23.  

Another local study was utilized to ascertain NAFLD 
prevalence in type II diabetes patients present at 
Jinnah Postgraduate Medical Centre, Karachi, 
Pakistan. The study had 120 participants with type II 
diabetes in total. They were split into two groups, 
one with fatty livers and the other without, and 
further assessed using measurements of liver func-
tion tests, body mass index, lipid profile, and HbA1c. 
On ultrasonography, 73 (60.8%) of the 120 patients 
had fatty liver24. While, in comparison with non-fatty 
liver groups, the fatty liver group showed higher 
levels of HBA1c, BMI, AST, GGT, alkaline phospha-
tase, LDL, ALT, triglycerides, total cholesterol, and 
decline of HDL levels25.

Although this study showed a higher NAFLD preva-
lence in type II DM patients, lack of early screening, 
available resources for non-invasive investigations, 
and the cost of diagnostic scanning are the main 
limitations for proper diagnosis and management of 
these patients. Therefore, the author would recom-
mend carrying out a multicenter study with a large 
sample size for more accurate results.

CONCLUSION
NAFLD was present in 64% of cases with type II 
diabetes mellitus. Early detection, diagnosis, and 
treatment are essential to lower the risk of NAFLD 
and the consequences linked to it. Mortality and 
morbidity among type II diabetic individuals can be 
greatly decreased by lowering NAFLD. Future 
research advancements in the diagnosis of NAFLD 
and various phase III trials for NASH-specific thera-
pies will evolve the caring plan with initiation for 
integrated multidisciplinary controls in diabetes 
mellitus.
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INTRODUCTION
Adenomyosis is a common medical ailment of 
gynecology that occurs when endometrial tissue 
grows abnormally in the myometrium of the uterus. 
Adenomyosis occurs when the normal boundary 
between the endometrial basal layer and the 
myometrium is disrupted 1-3. The cause of this disruption 
is not fully understood but may be due to uterine 
trauma, pregnancy, postpartum endometritis, or 
cesarean delivery. The initial histopathological finding 
of this pathology was referred to as osteosarcoma 
adenoids uterinum4. However, most of the patients 
with adenomyosis are asymptomatic. It is reported 
that painful menstruation, heavy vaginal bleeding 
during menstruation, and pelvic pain are the common 
presenting symptoms5. Pelvic tenderness is elicited on 
examination. Recent data suggest the prevalence of 
adenomyosis is around 10%-31%6,7. According to 
another study, adenomyosis is found in 20.9% of 
patients8. In the Pakistani population, adenomyosis is 
found in 68.3% of the patients9. A theory of altered 
lymphatic pathway has been proposed for 
adenomyosis development 10.

Ultrasound, hysterosalpingography and magnetic 
resonance imaging (MRI) are the common modali-
ties usually used for evaluation of adenomyosis. 
Hysterosalpingography is a minimally invasive tech-
nique for diagnosis but carries the risk of radiation 
exposure11. Transvaginal ultrasound (TVS) is the 
preferred initial imaging investigation. It is cheap, 
non-invasive without ionizing radiation, and readily 
available modality12. MRI is the modality without 
ionizing radiation and its excellent spatial resolution 
and soft tissue contrast make it useful for adenomyo-
sis evaluation. However, it is an expensive modality 
and not readily available. 

The rationale of the study is that adenomyosis is an 
important benign gynecological condition among 
females. Menorrhagia as a result of adenomyosis 
can cause significant blood loss which may lead to 
anemia and significant morbidity. Moreover, 
dysmenorrhea and chronic pelvic pain are other 
presenting symptoms that may impair the quality of 
life in women13. Therefore, it is important to diagnose 
it early so that prompt management can be initiat-
ed. This study evaluated the frequency, diagnostic 
precision, and clinical relevance of adenomyosis 
using TVS. Moreover, it also revealed the most 
frequent radiological features of adenomyosis on 
TVS and its association with the patient’s clinical 
symptoms. 

METHODS
This cross-sectional study was carried out at the 
radiology department of Dow University Hospital, 
Ojha campus Karachi, Pakistan from January 2022 
to March 2023. Ethical approval was obtained from 
the Institutional Review Board of Dow University of 

Health Sciences prior commencement of the study 
(IRB #: IRB-2323/DUHS/Approval/2021/659). More-
over, signed informed consent was also obtained 
from all study participants before the enrolment in 
the study. All married females of reproductive age 
group between 18-50 years presented with symp-
toms of adenomyosis for more than 7 days were 
included. Patients already diagnosed with adeno-
myosis and presented with follow-up after treat-
ment, diagnosed cases of uterine fibroids, and 
already diagnosed cases of pelvic inflammatory 
disease were excluded.

Patients' records were evaluated for the diagnosis of 
adenomyosis determined by hysterectomy and for 
sonography performed within 2 months of surgery. 
Sonograms were evaluated by radiologists without 
knowledge of the extent of adenomyosis. Sonograph-
ic categories included visualization of the endometri-
um, presence of a diffuse uterine process, presence of 
fibroids, and normal findings. Pathologic results includ-
ed mild, focal, and severe adenomyosis. 

Epi Info sample size calculator was used and the 
estimated sample size was 280. Clinically suspected 
adenomyosis was defined as based on the 
presence of menorrhagia (any episode of bleeding 
during the menstrual cycle lasting for more than 7 
days) or dysmenorrhea (any episode of painful men-
struation of any intensity during the menstrual cycle) 
or pelvic pain (Visual analog Scale VAS score 4-10).

Adenomyosis on TVS was labeled as positive based 
on the presence of any one of the following charac-
teristics: Globular uterus (rounded configuration of 
uterus) asymmetrical anteroposterior myometrial 
wall or indistinct endometrial myometrial interface 
(poor differentiation of endometrial myometrial 
interface) or myometrial cysts or hyperechoic linear 
striations or heterogeneous appearance of myome-
trium. On histopathology, adenomyosis was defined 
as the presence of endometrial glands and endo-
metrial stroma within the myometrium of the uterus. 
This information along with baseline characteristics 
such as age, parity, infertility, and previous in-vitro 
fertilization (IVF) were noted along with symptoms 
such as dysmenorrhea, dyspareunia, urinary symp-
toms, or gastrointestinal (GI) symptoms. Additionally, 
sonographic characteristics such as rounded Glob-
ular configuration of the uterus, asymmetry of the 
anteroposterior wall of the myometrium, poor defini-
tion of the endometrial-myometrial junction, 
myometrial cysts, sub-endometrial linear echogenic 
striations, heterogeneous myometrium, and asym-
metrical thickening was observed.

SPSS version 24 was used for statistical analysis. Mean 
standard deviation (SD) was reported for quantita-
tive variables whereas frequency and percentages 
were calculated for qualitative variables. Indepen-
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dent t-test and chi-square test were applied to see 
the mean difference and association of adenomyo-
sis with baseline characteristics. The p-value of ≤0.05 
was considered significant. Additionally, the diag-
nostic accuracy of TVS in diagnosing adenomyosis 
was assessed by calculating sensitivity, specificity, 
positive predictive value (PPV), and negative 
predictive value (NPV) using contingency tables 
taking histopathology findings as the gold standard.

RESULTS
Of 280 patients, the mean age of the patients was 
44.51 ±13.16 years. There were 172 (61.4%) parous 
women whereas previous cesarean section was 
observed in 141 (50.4%) patients. In addition, infertili-
ty was observed in 172 (61.4%) and previous IVF was 
observed in 107 (38.2%) patients.  Dysmenorrhea 

was the most common symptom observed in 237 
(84.6%) patients followed by dyspareunia in 192 
(68.6%), urinary symptoms in 182 (65.0%), whereas GI 
symptoms were observed in 179 (63.9%) patients. 

Ultrasonographic findings showed that a rounded 
Globular configuration of the uterus was observed in 
116 (41.4%) patients, asymmetry of the anteroposte-
rior wall of myometrium in 99 (35.4%), poor definition 
of endometrial-myometrial junction in 115 (41.1%), 
myometrial cysts in 127 (45.4%), sub endometrial 
linear echogenic striations in 93 (33.2%), heteroge-
neous myometrium in 138 (49.3%), and asymmetrical 
thickening in 90 (32.1%) patients. Adenomyosis on 
TVS was observed in 180 (64.3%) patients whereas on 
histopathology in 176 (62.9%) patients (Figure 1).
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patients, insulin resistance and the occurrence of 
NAFLD appear to be associated20.  Higher NAFLD 
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tion, however, BMI had no significant effect. 
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greater in patients with dyslipidemia, obesity, and 
HTN21. While higher values were observed among 
males than females. In this group, people with type II 
diabetes and metabolic syndrome, NAFLD preva-
lence was higher. Additionally, it was discovered 
that the growing MS components were linked with 
larger NAFLD risks, in addition to the fact that NAFLD 
was highly connected with MS22. 

Similar to one previous study, this study established 
NAFLD prevalence and pinpointed risk factors in 
type II DM patients with NAFLD. In NAFLD individuals 
with Type II DM, obesity and high liver enzymes, 
triglycerides, and cholesterol are considerably 
elevated. It emphasizes the significance of routine 
lipid profiles and liver function testing in individuals 
with type II diabetes, who must be closely monitored 
for liver consequences and NAFLD23.  

Another local study was utilized to ascertain NAFLD 
prevalence in type II diabetes patients present at 
Jinnah Postgraduate Medical Centre, Karachi, 
Pakistan. The study had 120 participants with type II 
diabetes in total. They were split into two groups, 
one with fatty livers and the other without, and 
further assessed using measurements of liver func-
tion tests, body mass index, lipid profile, and HbA1c. 
On ultrasonography, 73 (60.8%) of the 120 patients 
had fatty liver24. While, in comparison with non-fatty 
liver groups, the fatty liver group showed higher 
levels of HBA1c, BMI, AST, GGT, alkaline phospha-
tase, LDL, ALT, triglycerides, total cholesterol, and 
decline of HDL levels25.

Although this study showed a higher NAFLD preva-
lence in type II DM patients, lack of early screening, 
available resources for non-invasive investigations, 
and the cost of diagnostic scanning are the main 
limitations for proper diagnosis and management of 
these patients. Therefore, the author would recom-
mend carrying out a multicenter study with a large 
sample size for more accurate results.

CONCLUSION
NAFLD was present in 64% of cases with type II 
diabetes mellitus. Early detection, diagnosis, and 
treatment are essential to lower the risk of NAFLD 
and the consequences linked to it. Mortality and 
morbidity among type II diabetic individuals can be 
greatly decreased by lowering NAFLD. Future 
research advancements in the diagnosis of NAFLD 
and various phase III trials for NASH-specific thera-
pies will evolve the caring plan with initiation for 
integrated multidisciplinary controls in diabetes 
mellitus.
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INTRODUCTION
Adenomyosis is a common medical ailment of 
gynecology that occurs when endometrial tissue 
grows abnormally in the myometrium of the uterus. 
Adenomyosis occurs when the normal boundary 
between the endometrial basal layer and the 
myometrium is disrupted 1-3. The cause of this disruption 
is not fully understood but may be due to uterine 
trauma, pregnancy, postpartum endometritis, or 
cesarean delivery. The initial histopathological finding 
of this pathology was referred to as osteosarcoma 
adenoids uterinum4. However, most of the patients 
with adenomyosis are asymptomatic. It is reported 
that painful menstruation, heavy vaginal bleeding 
during menstruation, and pelvic pain are the common 
presenting symptoms5. Pelvic tenderness is elicited on 
examination. Recent data suggest the prevalence of 
adenomyosis is around 10%-31%6,7. According to 
another study, adenomyosis is found in 20.9% of 
patients8. In the Pakistani population, adenomyosis is 
found in 68.3% of the patients9. A theory of altered 
lymphatic pathway has been proposed for 
adenomyosis development 10.

Ultrasound, hysterosalpingography and magnetic 
resonance imaging (MRI) are the common modali-
ties usually used for evaluation of adenomyosis. 
Hysterosalpingography is a minimally invasive tech-
nique for diagnosis but carries the risk of radiation 
exposure11. Transvaginal ultrasound (TVS) is the 
preferred initial imaging investigation. It is cheap, 
non-invasive without ionizing radiation, and readily 
available modality12. MRI is the modality without 
ionizing radiation and its excellent spatial resolution 
and soft tissue contrast make it useful for adenomyo-
sis evaluation. However, it is an expensive modality 
and not readily available. 

The rationale of the study is that adenomyosis is an 
important benign gynecological condition among 
females. Menorrhagia as a result of adenomyosis 
can cause significant blood loss which may lead to 
anemia and significant morbidity. Moreover, 
dysmenorrhea and chronic pelvic pain are other 
presenting symptoms that may impair the quality of 
life in women13. Therefore, it is important to diagnose 
it early so that prompt management can be initiat-
ed. This study evaluated the frequency, diagnostic 
precision, and clinical relevance of adenomyosis 
using TVS. Moreover, it also revealed the most 
frequent radiological features of adenomyosis on 
TVS and its association with the patient’s clinical 
symptoms. 

METHODS
This cross-sectional study was carried out at the 
radiology department of Dow University Hospital, 
Ojha campus Karachi, Pakistan from January 2022 
to March 2023. Ethical approval was obtained from 
the Institutional Review Board of Dow University of 

Health Sciences prior commencement of the study 
(IRB #: IRB-2323/DUHS/Approval/2021/659). More-
over, signed informed consent was also obtained 
from all study participants before the enrolment in 
the study. All married females of reproductive age 
group between 18-50 years presented with symp-
toms of adenomyosis for more than 7 days were 
included. Patients already diagnosed with adeno-
myosis and presented with follow-up after treat-
ment, diagnosed cases of uterine fibroids, and 
already diagnosed cases of pelvic inflammatory 
disease were excluded.

Patients' records were evaluated for the diagnosis of 
adenomyosis determined by hysterectomy and for 
sonography performed within 2 months of surgery. 
Sonograms were evaluated by radiologists without 
knowledge of the extent of adenomyosis. Sonograph-
ic categories included visualization of the endometri-
um, presence of a diffuse uterine process, presence of 
fibroids, and normal findings. Pathologic results includ-
ed mild, focal, and severe adenomyosis. 

Epi Info sample size calculator was used and the 
estimated sample size was 280. Clinically suspected 
adenomyosis was defined as based on the 
presence of menorrhagia (any episode of bleeding 
during the menstrual cycle lasting for more than 7 
days) or dysmenorrhea (any episode of painful men-
struation of any intensity during the menstrual cycle) 
or pelvic pain (Visual analog Scale VAS score 4-10).

Adenomyosis on TVS was labeled as positive based 
on the presence of any one of the following charac-
teristics: Globular uterus (rounded configuration of 
uterus) asymmetrical anteroposterior myometrial 
wall or indistinct endometrial myometrial interface 
(poor differentiation of endometrial myometrial 
interface) or myometrial cysts or hyperechoic linear 
striations or heterogeneous appearance of myome-
trium. On histopathology, adenomyosis was defined 
as the presence of endometrial glands and endo-
metrial stroma within the myometrium of the uterus. 
This information along with baseline characteristics 
such as age, parity, infertility, and previous in-vitro 
fertilization (IVF) were noted along with symptoms 
such as dysmenorrhea, dyspareunia, urinary symp-
toms, or gastrointestinal (GI) symptoms. Additionally, 
sonographic characteristics such as rounded Glob-
ular configuration of the uterus, asymmetry of the 
anteroposterior wall of the myometrium, poor defini-
tion of the endometrial-myometrial junction, 
myometrial cysts, sub-endometrial linear echogenic 
striations, heterogeneous myometrium, and asym-
metrical thickening was observed.

SPSS version 24 was used for statistical analysis. Mean 
standard deviation (SD) was reported for quantita-
tive variables whereas frequency and percentages 
were calculated for qualitative variables. Indepen-

dent t-test and chi-square test were applied to see 
the mean difference and association of adenomyo-
sis with baseline characteristics. The p-value of ≤0.05 
was considered significant. Additionally, the diag-
nostic accuracy of TVS in diagnosing adenomyosis 
was assessed by calculating sensitivity, specificity, 
positive predictive value (PPV), and negative 
predictive value (NPV) using contingency tables 
taking histopathology findings as the gold standard.

RESULTS
Of 280 patients, the mean age of the patients was 
44.51 ±13.16 years. There were 172 (61.4%) parous 
women whereas previous cesarean section was 
observed in 141 (50.4%) patients. In addition, infertili-
ty was observed in 172 (61.4%) and previous IVF was 
observed in 107 (38.2%) patients.  Dysmenorrhea 

was the most common symptom observed in 237 
(84.6%) patients followed by dyspareunia in 192 
(68.6%), urinary symptoms in 182 (65.0%), whereas GI 
symptoms were observed in 179 (63.9%) patients. 

Ultrasonographic findings showed that a rounded 
Globular configuration of the uterus was observed in 
116 (41.4%) patients, asymmetry of the anteroposte-
rior wall of myometrium in 99 (35.4%), poor definition 
of endometrial-myometrial junction in 115 (41.1%), 
myometrial cysts in 127 (45.4%), sub endometrial 
linear echogenic striations in 93 (33.2%), heteroge-
neous myometrium in 138 (49.3%), and asymmetrical 
thickening in 90 (32.1%) patients. Adenomyosis on 
TVS was observed in 180 (64.3%) patients whereas on 
histopathology in 176 (62.9%) patients (Figure 1).
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observed in 141 (50.4%) patients. In addition, infertili-
ty was observed in 172 (61.4%) and previous IVF was 
observed in 107 (38.2%) patients.  Dysmenorrhea 

was the most common symptom observed in 237 
(84.6%) patients followed by dyspareunia in 192 
(68.6%), urinary symptoms in 182 (65.0%), whereas GI 
symptoms were observed in 179 (63.9%) patients. 

Ultrasonographic findings showed that a rounded 
Globular configuration of the uterus was observed in 
116 (41.4%) patients, asymmetry of the anteroposte-
rior wall of myometrium in 99 (35.4%), poor definition 
of endometrial-myometrial junction in 115 (41.1%), 
myometrial cysts in 127 (45.4%), sub endometrial 
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thickening in 90 (32.1%) patients. Adenomyosis on 
TVS was observed in 180 (64.3%) patients whereas on 
histopathology in 176 (62.9%) patients (Figure 1).

The comparison of adenomyosis on TVS with base-
line characteristics is shown in detail in Table 2. A 
significantly higher association of adenomyosis was 
found among women who had infertility (p <0.001), 
history of PID (p-value <0.001), endometriosis (p-val-
ue <0.001), had symptoms of dysmenorrhea (p 
<0.001), dyspareunia (p 0.002), urinary symptoms (p 

<0.001), and GI symptoms (p <0.001). Similarly, signifi-
cant associations of adenomyosis on histopathology 
were observed with infertility (p-value <0.001), history 
of PID (p-value <0.001), endometriosis (p-value 
<0.001), dysmenorrhea (p-value <0.001), dyspareu-
nia (p-value <0.001), urinary symptoms (p-value 
<0.001), and GI symptoms (p-value <0.001) (Table 1).

Figure 1: Frequency of adenomyosis on TVS and histopathology (n=280).

DISCUSSION
This research revealed the frequencies for thrombo-
cytopenia, leukopenia, and neutropenia as 26.2% 
(25), 20.5% (25), and 18.9% (23) respectively. In a 
study from Qatar analyzing newborns of pre-ec-
lamptic females, 13% of the newborns developed 
neonatal thrombocytopenia, which is lower than 
what we found in this study (26.2%)15. Our findings 
are closer to what Kiran et al found from India 
(22%)16. Harms et al noted the frequency of throm-
bocytopenia among newborns of pre-eclamptic 
mothers as 33% which is higher than what we 
found17.  Relatively higher proportions of thrombocy-
topenia have been found by Eltink et al (34%), and 
Bhat et al (36%)18,19. The variations observed in these 
outcomes may be linked to several factors. One 
contributing factor could be the efforts made in the 
field of obstetrics to enhance the assessment and 
monitoring of women with a history of PE. Additional-
ly, the economic and social status of diverse popu-
lations may also play a role in these differences.

The frequency of leukopenia was 20.5% in the 
present study. Bayoumi et al found the frequency of 
leukopenia among newborns of pre-eclamptic 
mothers as 11%. Our findings are very similar to what 
was noted by Harms et al (21%)17. In a prospective 
case-control study, preeclamptic mothers' 
neonates were studied with an equal number of 
patients in both groups. In newborns of preeclamp-
tic mothers, there was substantial increase in means 
of hemoglobin (17.6±1.17 vs. 14.6±0.65 g/dl, 
p<0.001), red blood cell count (4.96±0.32 vs. 
4.56±0.22 x 106/mm3, p<0.001), mean corpuscular 
volume (108.9±4.7 vs. 104.76±1.93 fl, p<0.001), and 
reticulocyte count (10.75±2.52 vs. 2.04±0.87 %, 
p<0.001). Moreover, total leucocyte count 
(8989±818 vs. 15382±992 per mm3, p<0.001), mean 
neutrophil count (45.9±2.12 vs. 52.2±1.72, p<0.001), 
absolute neutrophil count (4723.15±255 vs. 
9233±630, p<0.001), lymphocyte count (43.03±2.29 
vs. 44.91±2.25 %, p<0.001), and platelet count 
(94.2±10.3 vs. 202.6±31.05 x103/mm3, p<0.001) 
showed significantly declined values20. Another 

Nigerian study included 200 neonates, with 100 
belonging to mothers with pregnancy-related 
hypertensive disorders and 100 belonging to normo-
tensive mothers. A comparison showed that  the 
neonates of normotensive moms had considerably 
lower mean hematocrit and higher neutrophil and 
platelet counts compared to the neonates of hyper-
tensive mothers. The neonates of hypertensive 
mothers had polycythemia, neutropenia, and 
thrombocytopenia of 8%, 15%, and 38%, respective-
ly, whereas the respective findings for the neonates 
of normotensive mothers were 0%, 2%, and 8%, 
showing a significant variance between the group 
findings21. These findings established that the 
frequency of hematological abnormalities among 
newborns of pre-eclamptic mothers is significantly 
high when compared to controls. Although 
newborns of hypertensive mothers show significant 
changes in their hematological profiles, these were 
not significantly related to rising neonatal morbidity 
as has been found by some researchers22.

PE is a maternal disease that affects the placenta and 
is linked to problems for the developing fetus23,24. The 
hematological profiles of babies born to preeclamptic 
mothers showed high abnormal proportions. Hemato-
logic follow-ups can be done on these babies for 
monitoring and timely identification of the develop-
ment of related abnormalities25. A relatively small 
sample size along with a single study center were 
some of the limitations of this study. We did not have 
any control groups so further local studies are needed 
to verify the findings of this study.

CONCLUSION
The frequency of thrombocytopenia, leucopenia, 
and neutropenia was found to be high in newborns of 
pre-eclamptic mothers. Early hematological screen-
ing of the newborns of pre-eclamptic mothers like 
complete blood count and peripheral smear exam-
inations may help in the early diagnosis of hematologi-
cal complications in these babies. There is a need for 
further research to validate these findings and 
improve neonatal healthcare outcomes.
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INTRODUCTION
Adenomyosis is a common medical ailment of 
gynecology that occurs when endometrial tissue 
grows abnormally in the myometrium of the uterus. 
Adenomyosis occurs when the normal boundary 
between the endometrial basal layer and the 
myometrium is disrupted 1-3. The cause of this disruption 
is not fully understood but may be due to uterine 
trauma, pregnancy, postpartum endometritis, or 
cesarean delivery. The initial histopathological finding 
of this pathology was referred to as osteosarcoma 
adenoids uterinum4. However, most of the patients 
with adenomyosis are asymptomatic. It is reported 
that painful menstruation, heavy vaginal bleeding 
during menstruation, and pelvic pain are the common 
presenting symptoms5. Pelvic tenderness is elicited on 
examination. Recent data suggest the prevalence of 
adenomyosis is around 10%-31%6,7. According to 
another study, adenomyosis is found in 20.9% of 
patients8. In the Pakistani population, adenomyosis is 
found in 68.3% of the patients9. A theory of altered 
lymphatic pathway has been proposed for 
adenomyosis development 10.

Ultrasound, hysterosalpingography and magnetic 
resonance imaging (MRI) are the common modali-
ties usually used for evaluation of adenomyosis. 
Hysterosalpingography is a minimally invasive tech-
nique for diagnosis but carries the risk of radiation 
exposure11. Transvaginal ultrasound (TVS) is the 
preferred initial imaging investigation. It is cheap, 
non-invasive without ionizing radiation, and readily 
available modality12. MRI is the modality without 
ionizing radiation and its excellent spatial resolution 
and soft tissue contrast make it useful for adenomyo-
sis evaluation. However, it is an expensive modality 
and not readily available. 

The rationale of the study is that adenomyosis is an 
important benign gynecological condition among 
females. Menorrhagia as a result of adenomyosis 
can cause significant blood loss which may lead to 
anemia and significant morbidity. Moreover, 
dysmenorrhea and chronic pelvic pain are other 
presenting symptoms that may impair the quality of 
life in women13. Therefore, it is important to diagnose 
it early so that prompt management can be initiat-
ed. This study evaluated the frequency, diagnostic 
precision, and clinical relevance of adenomyosis 
using TVS. Moreover, it also revealed the most 
frequent radiological features of adenomyosis on 
TVS and its association with the patient’s clinical 
symptoms. 

METHODS
This cross-sectional study was carried out at the 
radiology department of Dow University Hospital, 
Ojha campus Karachi, Pakistan from January 2022 
to March 2023. Ethical approval was obtained from 
the Institutional Review Board of Dow University of 

Health Sciences prior commencement of the study 
(IRB #: IRB-2323/DUHS/Approval/2021/659). More-
over, signed informed consent was also obtained 
from all study participants before the enrolment in 
the study. All married females of reproductive age 
group between 18-50 years presented with symp-
toms of adenomyosis for more than 7 days were 
included. Patients already diagnosed with adeno-
myosis and presented with follow-up after treat-
ment, diagnosed cases of uterine fibroids, and 
already diagnosed cases of pelvic inflammatory 
disease were excluded.

Patients' records were evaluated for the diagnosis of 
adenomyosis determined by hysterectomy and for 
sonography performed within 2 months of surgery. 
Sonograms were evaluated by radiologists without 
knowledge of the extent of adenomyosis. Sonograph-
ic categories included visualization of the endometri-
um, presence of a diffuse uterine process, presence of 
fibroids, and normal findings. Pathologic results includ-
ed mild, focal, and severe adenomyosis. 

Epi Info sample size calculator was used and the 
estimated sample size was 280. Clinically suspected 
adenomyosis was defined as based on the 
presence of menorrhagia (any episode of bleeding 
during the menstrual cycle lasting for more than 7 
days) or dysmenorrhea (any episode of painful men-
struation of any intensity during the menstrual cycle) 
or pelvic pain (Visual analog Scale VAS score 4-10).

Adenomyosis on TVS was labeled as positive based 
on the presence of any one of the following charac-
teristics: Globular uterus (rounded configuration of 
uterus) asymmetrical anteroposterior myometrial 
wall or indistinct endometrial myometrial interface 
(poor differentiation of endometrial myometrial 
interface) or myometrial cysts or hyperechoic linear 
striations or heterogeneous appearance of myome-
trium. On histopathology, adenomyosis was defined 
as the presence of endometrial glands and endo-
metrial stroma within the myometrium of the uterus. 
This information along with baseline characteristics 
such as age, parity, infertility, and previous in-vitro 
fertilization (IVF) were noted along with symptoms 
such as dysmenorrhea, dyspareunia, urinary symp-
toms, or gastrointestinal (GI) symptoms. Additionally, 
sonographic characteristics such as rounded Glob-
ular configuration of the uterus, asymmetry of the 
anteroposterior wall of the myometrium, poor defini-
tion of the endometrial-myometrial junction, 
myometrial cysts, sub-endometrial linear echogenic 
striations, heterogeneous myometrium, and asym-
metrical thickening was observed.

SPSS version 24 was used for statistical analysis. Mean 
standard deviation (SD) was reported for quantita-
tive variables whereas frequency and percentages 
were calculated for qualitative variables. Indepen-

dent t-test and chi-square test were applied to see 
the mean difference and association of adenomyo-
sis with baseline characteristics. The p-value of ≤0.05 
was considered significant. Additionally, the diag-
nostic accuracy of TVS in diagnosing adenomyosis 
was assessed by calculating sensitivity, specificity, 
positive predictive value (PPV), and negative 
predictive value (NPV) using contingency tables 
taking histopathology findings as the gold standard.

RESULTS
Of 280 patients, the mean age of the patients was 
44.51 ±13.16 years. There were 172 (61.4%) parous 
women whereas previous cesarean section was 
observed in 141 (50.4%) patients. In addition, infertili-
ty was observed in 172 (61.4%) and previous IVF was 
observed in 107 (38.2%) patients.  Dysmenorrhea 

was the most common symptom observed in 237 
(84.6%) patients followed by dyspareunia in 192 
(68.6%), urinary symptoms in 182 (65.0%), whereas GI 
symptoms were observed in 179 (63.9%) patients. 

Ultrasonographic findings showed that a rounded 
Globular configuration of the uterus was observed in 
116 (41.4%) patients, asymmetry of the anteroposte-
rior wall of myometrium in 99 (35.4%), poor definition 
of endometrial-myometrial junction in 115 (41.1%), 
myometrial cysts in 127 (45.4%), sub endometrial 
linear echogenic striations in 93 (33.2%), heteroge-
neous myometrium in 138 (49.3%), and asymmetrical 
thickening in 90 (32.1%) patients. Adenomyosis on 
TVS was observed in 180 (64.3%) patients whereas on 
histopathology in 176 (62.9%) patients (Figure 1).

Diagnostic accuracy of adenomyosis on TVS taking 
histopathology as the gold standard showed that 
sensitivity was found to be 89.20%, specificity 77.88%, 

PPV 87.22%, NPV 81.00%, and overall diagnostic 
accuracy was found to be 85.00% (Table 2). 

CS: Cesarean Section, IVF: In Vitro Fertilization, GI: Gastrointestinal, TVS: Transvaginal Ultrasound.
Independent t-test applied, Chi-Square test applied, p-value ≤0.05 considered as significant.

 TVS: Transvaginal Ultrasound

Table 1:  Comparison of baseline characteristics with adenomyosis findings on TVS and histopathology (n=280)

Table 2: Diagnostic accuracy of adenomyosis on TVS with histopathology (n=280)

Variables
Adenomyosis on TVS p-value Adenomyosis on Histopathology p-value

Yes No Yes No
Age years (mean ±SD) 44.49 ±12.06 44.55 ±15.01 0.973 44.55 ±12.89 44.45 ±13.66 0.952

Parous
Yes 105 (61.0) 67 (39.0)

0.153
105 (61.0) 67 (39.0)

0.429
No 75 (69.4) 33 (30.6) 71 (65.7) 37 (34.3)

Infertility
Yes 127 (73.8) 45 (26.2)

<0.001
133 (77.3) 39 (22.7) <0.001

No 53 (49.1) 55 (50.9) 43 (39.8) 65 (60.2)
Previous IVF

Yes 76 (71.0) 31 (29.0)
0.064

75 (70.1) 32 (29.9)
0.049

No 104 (60.1) 69 (39.9) 101 (58.4) 72 (41.6)
History of PID

Yes 96 (75.6) 31 (24.4)
<0.001

104 (81.9) 23 (18.1)
<0.001

No 84 (54.9) 69 (45.1) 72 (47.1) 81 (52.9)
Endometriosis

Yes 135 (77.1) 40 (22.9)
<0.001

140 (80.0) 35 (20.0)
<0.001

No 45 (42.9) 60 (57.1) 36 (34.3) 69 (65.7)
Dysmenorrhea

Yes 177 (74.7) 60 (25.3)
<0.001

173 (73.0) 64 (27.0)
<0.001

No 3 (7.0) 40 (93.0) 3 (7.0) 40 (93.0)
Dyspareunia

Yes 135 (70.3) 57 (29.7)
0.002

138 (71.9) 54 (28.1)
<0.001

No 45 (51.1) 43 (48.9) 38 (43.2) 50 (56.8)
Urinary Symptoms

Yes 136 (74.7) 46 (25.3)
<0.001

143 (78.6) 39 (21.4)
<0.001

No 44 (44.9) 54 (55.1) 33 (33.7) 65 (66.3)
GI Symptoms

Yes 130 (72.6) 49 (27.4)
<0.001

133 (74.3) 46 (25.7)
<0.001

No 50 (49.5) 51 (50.5) 43 (42.6) 58 (57.4)

Adenomyosis on TVS

Adenomyosis on Histopathology

Present Absent Total

Present 157 23 180

Absent 19 81 100

Total 176 104 280

Sensitivity 89.20 (83.66%-93.37%)

Specificity 77.88 (68.69%-85.43%)

Positive Predicted Value 87.22 (82.58%-90.76%)

Negative Predicted Value 81.00 (73.36%-86.84%)

Overall Diagnostic Accuracy 85.00 (80.27%-88.97%)

DISCUSSION
This research revealed the frequencies for thrombo-
cytopenia, leukopenia, and neutropenia as 26.2% 
(25), 20.5% (25), and 18.9% (23) respectively. In a 
study from Qatar analyzing newborns of pre-ec-
lamptic females, 13% of the newborns developed 
neonatal thrombocytopenia, which is lower than 
what we found in this study (26.2%)15. Our findings 
are closer to what Kiran et al found from India 
(22%)16. Harms et al noted the frequency of throm-
bocytopenia among newborns of pre-eclamptic 
mothers as 33% which is higher than what we 
found17.  Relatively higher proportions of thrombocy-
topenia have been found by Eltink et al (34%), and 
Bhat et al (36%)18,19. The variations observed in these 
outcomes may be linked to several factors. One 
contributing factor could be the efforts made in the 
field of obstetrics to enhance the assessment and 
monitoring of women with a history of PE. Additional-
ly, the economic and social status of diverse popu-
lations may also play a role in these differences.

The frequency of leukopenia was 20.5% in the 
present study. Bayoumi et al found the frequency of 
leukopenia among newborns of pre-eclamptic 
mothers as 11%. Our findings are very similar to what 
was noted by Harms et al (21%)17. In a prospective 
case-control study, preeclamptic mothers' 
neonates were studied with an equal number of 
patients in both groups. In newborns of preeclamp-
tic mothers, there was substantial increase in means 
of hemoglobin (17.6±1.17 vs. 14.6±0.65 g/dl, 
p<0.001), red blood cell count (4.96±0.32 vs. 
4.56±0.22 x 106/mm3, p<0.001), mean corpuscular 
volume (108.9±4.7 vs. 104.76±1.93 fl, p<0.001), and 
reticulocyte count (10.75±2.52 vs. 2.04±0.87 %, 
p<0.001). Moreover, total leucocyte count 
(8989±818 vs. 15382±992 per mm3, p<0.001), mean 
neutrophil count (45.9±2.12 vs. 52.2±1.72, p<0.001), 
absolute neutrophil count (4723.15±255 vs. 
9233±630, p<0.001), lymphocyte count (43.03±2.29 
vs. 44.91±2.25 %, p<0.001), and platelet count 
(94.2±10.3 vs. 202.6±31.05 x103/mm3, p<0.001) 
showed significantly declined values20. Another 

Nigerian study included 200 neonates, with 100 
belonging to mothers with pregnancy-related 
hypertensive disorders and 100 belonging to normo-
tensive mothers. A comparison showed that  the 
neonates of normotensive moms had considerably 
lower mean hematocrit and higher neutrophil and 
platelet counts compared to the neonates of hyper-
tensive mothers. The neonates of hypertensive 
mothers had polycythemia, neutropenia, and 
thrombocytopenia of 8%, 15%, and 38%, respective-
ly, whereas the respective findings for the neonates 
of normotensive mothers were 0%, 2%, and 8%, 
showing a significant variance between the group 
findings21. These findings established that the 
frequency of hematological abnormalities among 
newborns of pre-eclamptic mothers is significantly 
high when compared to controls. Although 
newborns of hypertensive mothers show significant 
changes in their hematological profiles, these were 
not significantly related to rising neonatal morbidity 
as has been found by some researchers22.

PE is a maternal disease that affects the placenta and 
is linked to problems for the developing fetus23,24. The 
hematological profiles of babies born to preeclamptic 
mothers showed high abnormal proportions. Hemato-
logic follow-ups can be done on these babies for 
monitoring and timely identification of the develop-
ment of related abnormalities25. A relatively small 
sample size along with a single study center were 
some of the limitations of this study. We did not have 
any control groups so further local studies are needed 
to verify the findings of this study.

CONCLUSION
The frequency of thrombocytopenia, leucopenia, 
and neutropenia was found to be high in newborns of 
pre-eclamptic mothers. Early hematological screen-
ing of the newborns of pre-eclamptic mothers like 
complete blood count and peripheral smear exam-
inations may help in the early diagnosis of hematologi-
cal complications in these babies. There is a need for 
further research to validate these findings and 
improve neonatal healthcare outcomes.
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INTRODUCTION
Adenomyosis is a common medical ailment of 
gynecology that occurs when endometrial tissue 
grows abnormally in the myometrium of the uterus. 
Adenomyosis occurs when the normal boundary 
between the endometrial basal layer and the 
myometrium is disrupted 1-3. The cause of this disruption 
is not fully understood but may be due to uterine 
trauma, pregnancy, postpartum endometritis, or 
cesarean delivery. The initial histopathological finding 
of this pathology was referred to as osteosarcoma 
adenoids uterinum4. However, most of the patients 
with adenomyosis are asymptomatic. It is reported 
that painful menstruation, heavy vaginal bleeding 
during menstruation, and pelvic pain are the common 
presenting symptoms5. Pelvic tenderness is elicited on 
examination. Recent data suggest the prevalence of 
adenomyosis is around 10%-31%6,7. According to 
another study, adenomyosis is found in 20.9% of 
patients8. In the Pakistani population, adenomyosis is 
found in 68.3% of the patients9. A theory of altered 
lymphatic pathway has been proposed for 
adenomyosis development 10.

Ultrasound, hysterosalpingography and magnetic 
resonance imaging (MRI) are the common modali-
ties usually used for evaluation of adenomyosis. 
Hysterosalpingography is a minimally invasive tech-
nique for diagnosis but carries the risk of radiation 
exposure11. Transvaginal ultrasound (TVS) is the 
preferred initial imaging investigation. It is cheap, 
non-invasive without ionizing radiation, and readily 
available modality12. MRI is the modality without 
ionizing radiation and its excellent spatial resolution 
and soft tissue contrast make it useful for adenomyo-
sis evaluation. However, it is an expensive modality 
and not readily available. 

The rationale of the study is that adenomyosis is an 
important benign gynecological condition among 
females. Menorrhagia as a result of adenomyosis 
can cause significant blood loss which may lead to 
anemia and significant morbidity. Moreover, 
dysmenorrhea and chronic pelvic pain are other 
presenting symptoms that may impair the quality of 
life in women13. Therefore, it is important to diagnose 
it early so that prompt management can be initiat-
ed. This study evaluated the frequency, diagnostic 
precision, and clinical relevance of adenomyosis 
using TVS. Moreover, it also revealed the most 
frequent radiological features of adenomyosis on 
TVS and its association with the patient’s clinical 
symptoms. 

METHODS
This cross-sectional study was carried out at the 
radiology department of Dow University Hospital, 
Ojha campus Karachi, Pakistan from January 2022 
to March 2023. Ethical approval was obtained from 
the Institutional Review Board of Dow University of 

Health Sciences prior commencement of the study 
(IRB #: IRB-2323/DUHS/Approval/2021/659). More-
over, signed informed consent was also obtained 
from all study participants before the enrolment in 
the study. All married females of reproductive age 
group between 18-50 years presented with symp-
toms of adenomyosis for more than 7 days were 
included. Patients already diagnosed with adeno-
myosis and presented with follow-up after treat-
ment, diagnosed cases of uterine fibroids, and 
already diagnosed cases of pelvic inflammatory 
disease were excluded.

Patients' records were evaluated for the diagnosis of 
adenomyosis determined by hysterectomy and for 
sonography performed within 2 months of surgery. 
Sonograms were evaluated by radiologists without 
knowledge of the extent of adenomyosis. Sonograph-
ic categories included visualization of the endometri-
um, presence of a diffuse uterine process, presence of 
fibroids, and normal findings. Pathologic results includ-
ed mild, focal, and severe adenomyosis. 

Epi Info sample size calculator was used and the 
estimated sample size was 280. Clinically suspected 
adenomyosis was defined as based on the 
presence of menorrhagia (any episode of bleeding 
during the menstrual cycle lasting for more than 7 
days) or dysmenorrhea (any episode of painful men-
struation of any intensity during the menstrual cycle) 
or pelvic pain (Visual analog Scale VAS score 4-10).

Adenomyosis on TVS was labeled as positive based 
on the presence of any one of the following charac-
teristics: Globular uterus (rounded configuration of 
uterus) asymmetrical anteroposterior myometrial 
wall or indistinct endometrial myometrial interface 
(poor differentiation of endometrial myometrial 
interface) or myometrial cysts or hyperechoic linear 
striations or heterogeneous appearance of myome-
trium. On histopathology, adenomyosis was defined 
as the presence of endometrial glands and endo-
metrial stroma within the myometrium of the uterus. 
This information along with baseline characteristics 
such as age, parity, infertility, and previous in-vitro 
fertilization (IVF) were noted along with symptoms 
such as dysmenorrhea, dyspareunia, urinary symp-
toms, or gastrointestinal (GI) symptoms. Additionally, 
sonographic characteristics such as rounded Glob-
ular configuration of the uterus, asymmetry of the 
anteroposterior wall of the myometrium, poor defini-
tion of the endometrial-myometrial junction, 
myometrial cysts, sub-endometrial linear echogenic 
striations, heterogeneous myometrium, and asym-
metrical thickening was observed.

SPSS version 24 was used for statistical analysis. Mean 
standard deviation (SD) was reported for quantita-
tive variables whereas frequency and percentages 
were calculated for qualitative variables. Indepen-

dent t-test and chi-square test were applied to see 
the mean difference and association of adenomyo-
sis with baseline characteristics. The p-value of ≤0.05 
was considered significant. Additionally, the diag-
nostic accuracy of TVS in diagnosing adenomyosis 
was assessed by calculating sensitivity, specificity, 
positive predictive value (PPV), and negative 
predictive value (NPV) using contingency tables 
taking histopathology findings as the gold standard.

RESULTS
Of 280 patients, the mean age of the patients was 
44.51 ±13.16 years. There were 172 (61.4%) parous 
women whereas previous cesarean section was 
observed in 141 (50.4%) patients. In addition, infertili-
ty was observed in 172 (61.4%) and previous IVF was 
observed in 107 (38.2%) patients.  Dysmenorrhea 

was the most common symptom observed in 237 
(84.6%) patients followed by dyspareunia in 192 
(68.6%), urinary symptoms in 182 (65.0%), whereas GI 
symptoms were observed in 179 (63.9%) patients. 

Ultrasonographic findings showed that a rounded 
Globular configuration of the uterus was observed in 
116 (41.4%) patients, asymmetry of the anteroposte-
rior wall of myometrium in 99 (35.4%), poor definition 
of endometrial-myometrial junction in 115 (41.1%), 
myometrial cysts in 127 (45.4%), sub endometrial 
linear echogenic striations in 93 (33.2%), heteroge-
neous myometrium in 138 (49.3%), and asymmetrical 
thickening in 90 (32.1%) patients. Adenomyosis on 
TVS was observed in 180 (64.3%) patients whereas on 
histopathology in 176 (62.9%) patients (Figure 1).

DISCUSSION
Sonography has emerged as a primary preferred 
and valuable tool in the diagnostic workup of 
adenomyosis due to its non-invasive nature and 
widespread availability. The findings of the study 
revealed that the sensitivity of TVS in detecting 
adenomyosis was found to be 89.20%, specificity 
77.88%, PPV 87.22%, NPV 81.00%, and overall diag-
nostic accuracy 85.00%. These values suggest that 
sonography can be a reliable tool for evaluating 
adenomyosis, with a relatively high sensitivity for 
ruling out the condition and a respectable specifici-
ty for confirming its presence. This finding is consis-
tent with previous studies that have also reported 
somewhat similar diagnostic accuracy parame-
ters14-16. A recent international study by Maudot et al 
has reported moderate sensitivity as compared to 
the current study findings. According to their study 
findings, sensitivity was found to be 52%, specificity 
85%, PPV 77%, and NPV 86%17. The author empha-
sized that within the field of gynecology, TVS stands 
out as the most frequently employed non-invasive 
diagnostic procedure. Furthermore, it is the initial 
and preferred diagnostic method for adenomyosis 
due to its widespread acceptance and cost-effec-
tiveness, despite its moderate diagnostic accuracy. 
In a systematic review and meta-analysis carried out 
by Liu et al, it was noted that the diagnostic perfor-
mance of TVS was found to be high and compara-
ble to the performance of MRI18.

Our study yielded valuable insights into the frequen-
cy of adenomyosis detection using sonography. The 
overall frequency of adenomyosis in the studied 
population was found to be 64.3%. This finding is 
somewhat consistent with previous research 
suggesting that adenomyosis is a prevalent condi-
tion among women of reproductive age, although 
the reported prevalence can vary significantly 
across different populations17,19. 
Furthermore, our study explored the relationship 
between patient clinical demographics and 
adenomyosis detection. We observed that patients 
presented with infertility, endometriosis, pelvic 
inflammatory disease dysmenorrhea, dyspareunia, 
and urinary and GI symptoms were found to have a 
significantly higher likelihood of adenomyosis. This 
observation aligns with existing literature suggesting 
that adenomyosis may be more common in specific 
subgroups of the population, providing important 
clinical context for identifying at-risk individuals20-22.

Among features of TVS, sub-endometrial linear 
striations were found to be the most specific feature 
for adenomyosis in a previous study15. Moreover, the 
enlarged globular uterus had high accuracy for 
adenomyosis diagnosis. There may be focal or 
diffuse thickening of the uterine myometrium with 
indistinct endometrial myometrial and heteroge-
neous appearing uterine myometrium. This appear-

ance has been described as Venetian blind shad-
owing23. In the current study, heterogeneous 
myometrium, and myometrial cysts were found to 
be the most frequent features along with a poor 
definition of the junctional zone between endome-
trium and myometrium with associated globular 
uterine enlargement.  First and foremost, our findings 
emphasize the importance of considering adeno-
myosis as a potential diagnosis in women presenting 
with symptoms such as dysmenorrhea and pelvic 
pain, especially in those who fall within the identified 
at-risk demographic groups. Healthcare providers 
should be aware of the utility of sonography as a 
non-invasive and accessible diagnostic tool for 
adenomyosis.

Furthermore, the diagnostic accuracy parameters 
we reported highlight the value of sonography in 
the initial assessment of adenomyosis. This imaging 
modality can aid in triaging patients for further 
evaluation and treatment planning. It has been 
reported in the literature that the widespread avail-
ability of ultrasound and the rising expenses associ-
ated with MRI have resulted in TVS being favored as 
the primary imaging modality for initial assessments, 
with MRI being reserved for non-invasive diagnosis 
where the diagnosis is uncertain or ambiguous17,24,25. 
However, it is essential to recognize that sonogra-
phy, while valuable, may not be the definitive diag-
nostic tool in all cases. In instances where clinical 
suspicion remains high despite negative sonograph-
ic findings, additional imaging modalities or invasive 
procedures may be warranted.

One key limitation is the relatively small sample size 
inherent to a single-center study. Larger, multi-cen-
ter studies with more diverse patient populations are 
needed to provide more robust estimates of sonog-
raphy's diagnostic accuracy in detecting adenomy-
osis. Second, the diagnostic criteria used in sonogra-
phy for adenomyosis may not be standardized 
across all institutions and radiologists. Variations in 
the interpretation of sonographic findings, such as 
uterine wall thickness and myometrial cysts, could 
impact diagnostic accuracy.  

CONCLUSION
TVS in the evaluation of adenomyosis is an important 
reliable diagnostic tool. The most reliable sono-
graphic finding is the presence of sub-endometrial 
linear striation with other features that support the 
diagnosis of adenomyosis including heterogenous 
myometrium, myometrial cysts, and globular config-
uration of the uterus. A considerably higher number 
of patients with clinical features of infertility, endo-
metriosis, pelvic inflammatory disease, dysmenor-
rhea, dyspareunia, and urinary and GI symptoms 
were found to have a higher prevalence of adeno-
myosis on TVS and detected positive on histopathol-
ogy. 
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DISCUSSION
This research revealed the frequencies for thrombo-
cytopenia, leukopenia, and neutropenia as 26.2% 
(25), 20.5% (25), and 18.9% (23) respectively. In a 
study from Qatar analyzing newborns of pre-ec-
lamptic females, 13% of the newborns developed 
neonatal thrombocytopenia, which is lower than 
what we found in this study (26.2%)15. Our findings 
are closer to what Kiran et al found from India 
(22%)16. Harms et al noted the frequency of throm-
bocytopenia among newborns of pre-eclamptic 
mothers as 33% which is higher than what we 
found17.  Relatively higher proportions of thrombocy-
topenia have been found by Eltink et al (34%), and 
Bhat et al (36%)18,19. The variations observed in these 
outcomes may be linked to several factors. One 
contributing factor could be the efforts made in the 
field of obstetrics to enhance the assessment and 
monitoring of women with a history of PE. Additional-
ly, the economic and social status of diverse popu-
lations may also play a role in these differences.

The frequency of leukopenia was 20.5% in the 
present study. Bayoumi et al found the frequency of 
leukopenia among newborns of pre-eclamptic 
mothers as 11%. Our findings are very similar to what 
was noted by Harms et al (21%)17. In a prospective 
case-control study, preeclamptic mothers' 
neonates were studied with an equal number of 
patients in both groups. In newborns of preeclamp-
tic mothers, there was substantial increase in means 
of hemoglobin (17.6±1.17 vs. 14.6±0.65 g/dl, 
p<0.001), red blood cell count (4.96±0.32 vs. 
4.56±0.22 x 106/mm3, p<0.001), mean corpuscular 
volume (108.9±4.7 vs. 104.76±1.93 fl, p<0.001), and 
reticulocyte count (10.75±2.52 vs. 2.04±0.87 %, 
p<0.001). Moreover, total leucocyte count 
(8989±818 vs. 15382±992 per mm3, p<0.001), mean 
neutrophil count (45.9±2.12 vs. 52.2±1.72, p<0.001), 
absolute neutrophil count (4723.15±255 vs. 
9233±630, p<0.001), lymphocyte count (43.03±2.29 
vs. 44.91±2.25 %, p<0.001), and platelet count 
(94.2±10.3 vs. 202.6±31.05 x103/mm3, p<0.001) 
showed significantly declined values20. Another 

Nigerian study included 200 neonates, with 100 
belonging to mothers with pregnancy-related 
hypertensive disorders and 100 belonging to normo-
tensive mothers. A comparison showed that  the 
neonates of normotensive moms had considerably 
lower mean hematocrit and higher neutrophil and 
platelet counts compared to the neonates of hyper-
tensive mothers. The neonates of hypertensive 
mothers had polycythemia, neutropenia, and 
thrombocytopenia of 8%, 15%, and 38%, respective-
ly, whereas the respective findings for the neonates 
of normotensive mothers were 0%, 2%, and 8%, 
showing a significant variance between the group 
findings21. These findings established that the 
frequency of hematological abnormalities among 
newborns of pre-eclamptic mothers is significantly 
high when compared to controls. Although 
newborns of hypertensive mothers show significant 
changes in their hematological profiles, these were 
not significantly related to rising neonatal morbidity 
as has been found by some researchers22.

PE is a maternal disease that affects the placenta and 
is linked to problems for the developing fetus23,24. The 
hematological profiles of babies born to preeclamptic 
mothers showed high abnormal proportions. Hemato-
logic follow-ups can be done on these babies for 
monitoring and timely identification of the develop-
ment of related abnormalities25. A relatively small 
sample size along with a single study center were 
some of the limitations of this study. We did not have 
any control groups so further local studies are needed 
to verify the findings of this study.

CONCLUSION
The frequency of thrombocytopenia, leucopenia, 
and neutropenia was found to be high in newborns of 
pre-eclamptic mothers. Early hematological screen-
ing of the newborns of pre-eclamptic mothers like 
complete blood count and peripheral smear exam-
inations may help in the early diagnosis of hematologi-
cal complications in these babies. There is a need for 
further research to validate these findings and 
improve neonatal healthcare outcomes.
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INTRODUCTION
Adenomyosis is a common medical ailment of 
gynecology that occurs when endometrial tissue 
grows abnormally in the myometrium of the uterus. 
Adenomyosis occurs when the normal boundary 
between the endometrial basal layer and the 
myometrium is disrupted 1-3. The cause of this disruption 
is not fully understood but may be due to uterine 
trauma, pregnancy, postpartum endometritis, or 
cesarean delivery. The initial histopathological finding 
of this pathology was referred to as osteosarcoma 
adenoids uterinum4. However, most of the patients 
with adenomyosis are asymptomatic. It is reported 
that painful menstruation, heavy vaginal bleeding 
during menstruation, and pelvic pain are the common 
presenting symptoms5. Pelvic tenderness is elicited on 
examination. Recent data suggest the prevalence of 
adenomyosis is around 10%-31%6,7. According to 
another study, adenomyosis is found in 20.9% of 
patients8. In the Pakistani population, adenomyosis is 
found in 68.3% of the patients9. A theory of altered 
lymphatic pathway has been proposed for 
adenomyosis development 10.

Ultrasound, hysterosalpingography and magnetic 
resonance imaging (MRI) are the common modali-
ties usually used for evaluation of adenomyosis. 
Hysterosalpingography is a minimally invasive tech-
nique for diagnosis but carries the risk of radiation 
exposure11. Transvaginal ultrasound (TVS) is the 
preferred initial imaging investigation. It is cheap, 
non-invasive without ionizing radiation, and readily 
available modality12. MRI is the modality without 
ionizing radiation and its excellent spatial resolution 
and soft tissue contrast make it useful for adenomyo-
sis evaluation. However, it is an expensive modality 
and not readily available. 

The rationale of the study is that adenomyosis is an 
important benign gynecological condition among 
females. Menorrhagia as a result of adenomyosis 
can cause significant blood loss which may lead to 
anemia and significant morbidity. Moreover, 
dysmenorrhea and chronic pelvic pain are other 
presenting symptoms that may impair the quality of 
life in women13. Therefore, it is important to diagnose 
it early so that prompt management can be initiat-
ed. This study evaluated the frequency, diagnostic 
precision, and clinical relevance of adenomyosis 
using TVS. Moreover, it also revealed the most 
frequent radiological features of adenomyosis on 
TVS and its association with the patient’s clinical 
symptoms. 

METHODS
This cross-sectional study was carried out at the 
radiology department of Dow University Hospital, 
Ojha campus Karachi, Pakistan from January 2022 
to March 2023. Ethical approval was obtained from 
the Institutional Review Board of Dow University of 

Health Sciences prior commencement of the study 
(IRB #: IRB-2323/DUHS/Approval/2021/659). More-
over, signed informed consent was also obtained 
from all study participants before the enrolment in 
the study. All married females of reproductive age 
group between 18-50 years presented with symp-
toms of adenomyosis for more than 7 days were 
included. Patients already diagnosed with adeno-
myosis and presented with follow-up after treat-
ment, diagnosed cases of uterine fibroids, and 
already diagnosed cases of pelvic inflammatory 
disease were excluded.

Patients' records were evaluated for the diagnosis of 
adenomyosis determined by hysterectomy and for 
sonography performed within 2 months of surgery. 
Sonograms were evaluated by radiologists without 
knowledge of the extent of adenomyosis. Sonograph-
ic categories included visualization of the endometri-
um, presence of a diffuse uterine process, presence of 
fibroids, and normal findings. Pathologic results includ-
ed mild, focal, and severe adenomyosis. 

Epi Info sample size calculator was used and the 
estimated sample size was 280. Clinically suspected 
adenomyosis was defined as based on the 
presence of menorrhagia (any episode of bleeding 
during the menstrual cycle lasting for more than 7 
days) or dysmenorrhea (any episode of painful men-
struation of any intensity during the menstrual cycle) 
or pelvic pain (Visual analog Scale VAS score 4-10).

Adenomyosis on TVS was labeled as positive based 
on the presence of any one of the following charac-
teristics: Globular uterus (rounded configuration of 
uterus) asymmetrical anteroposterior myometrial 
wall or indistinct endometrial myometrial interface 
(poor differentiation of endometrial myometrial 
interface) or myometrial cysts or hyperechoic linear 
striations or heterogeneous appearance of myome-
trium. On histopathology, adenomyosis was defined 
as the presence of endometrial glands and endo-
metrial stroma within the myometrium of the uterus. 
This information along with baseline characteristics 
such as age, parity, infertility, and previous in-vitro 
fertilization (IVF) were noted along with symptoms 
such as dysmenorrhea, dyspareunia, urinary symp-
toms, or gastrointestinal (GI) symptoms. Additionally, 
sonographic characteristics such as rounded Glob-
ular configuration of the uterus, asymmetry of the 
anteroposterior wall of the myometrium, poor defini-
tion of the endometrial-myometrial junction, 
myometrial cysts, sub-endometrial linear echogenic 
striations, heterogeneous myometrium, and asym-
metrical thickening was observed.

SPSS version 24 was used for statistical analysis. Mean 
standard deviation (SD) was reported for quantita-
tive variables whereas frequency and percentages 
were calculated for qualitative variables. Indepen-

dent t-test and chi-square test were applied to see 
the mean difference and association of adenomyo-
sis with baseline characteristics. The p-value of ≤0.05 
was considered significant. Additionally, the diag-
nostic accuracy of TVS in diagnosing adenomyosis 
was assessed by calculating sensitivity, specificity, 
positive predictive value (PPV), and negative 
predictive value (NPV) using contingency tables 
taking histopathology findings as the gold standard.

RESULTS
Of 280 patients, the mean age of the patients was 
44.51 ±13.16 years. There were 172 (61.4%) parous 
women whereas previous cesarean section was 
observed in 141 (50.4%) patients. In addition, infertili-
ty was observed in 172 (61.4%) and previous IVF was 
observed in 107 (38.2%) patients.  Dysmenorrhea 

was the most common symptom observed in 237 
(84.6%) patients followed by dyspareunia in 192 
(68.6%), urinary symptoms in 182 (65.0%), whereas GI 
symptoms were observed in 179 (63.9%) patients. 

Ultrasonographic findings showed that a rounded 
Globular configuration of the uterus was observed in 
116 (41.4%) patients, asymmetry of the anteroposte-
rior wall of myometrium in 99 (35.4%), poor definition 
of endometrial-myometrial junction in 115 (41.1%), 
myometrial cysts in 127 (45.4%), sub endometrial 
linear echogenic striations in 93 (33.2%), heteroge-
neous myometrium in 138 (49.3%), and asymmetrical 
thickening in 90 (32.1%) patients. Adenomyosis on 
TVS was observed in 180 (64.3%) patients whereas on 
histopathology in 176 (62.9%) patients (Figure 1).

DISCUSSION
Sonography has emerged as a primary preferred 
and valuable tool in the diagnostic workup of 
adenomyosis due to its non-invasive nature and 
widespread availability. The findings of the study 
revealed that the sensitivity of TVS in detecting 
adenomyosis was found to be 89.20%, specificity 
77.88%, PPV 87.22%, NPV 81.00%, and overall diag-
nostic accuracy 85.00%. These values suggest that 
sonography can be a reliable tool for evaluating 
adenomyosis, with a relatively high sensitivity for 
ruling out the condition and a respectable specifici-
ty for confirming its presence. This finding is consis-
tent with previous studies that have also reported 
somewhat similar diagnostic accuracy parame-
ters14-16. A recent international study by Maudot et al 
has reported moderate sensitivity as compared to 
the current study findings. According to their study 
findings, sensitivity was found to be 52%, specificity 
85%, PPV 77%, and NPV 86%17. The author empha-
sized that within the field of gynecology, TVS stands 
out as the most frequently employed non-invasive 
diagnostic procedure. Furthermore, it is the initial 
and preferred diagnostic method for adenomyosis 
due to its widespread acceptance and cost-effec-
tiveness, despite its moderate diagnostic accuracy. 
In a systematic review and meta-analysis carried out 
by Liu et al, it was noted that the diagnostic perfor-
mance of TVS was found to be high and compara-
ble to the performance of MRI18.

Our study yielded valuable insights into the frequen-
cy of adenomyosis detection using sonography. The 
overall frequency of adenomyosis in the studied 
population was found to be 64.3%. This finding is 
somewhat consistent with previous research 
suggesting that adenomyosis is a prevalent condi-
tion among women of reproductive age, although 
the reported prevalence can vary significantly 
across different populations17,19. 
Furthermore, our study explored the relationship 
between patient clinical demographics and 
adenomyosis detection. We observed that patients 
presented with infertility, endometriosis, pelvic 
inflammatory disease dysmenorrhea, dyspareunia, 
and urinary and GI symptoms were found to have a 
significantly higher likelihood of adenomyosis. This 
observation aligns with existing literature suggesting 
that adenomyosis may be more common in specific 
subgroups of the population, providing important 
clinical context for identifying at-risk individuals20-22.

Among features of TVS, sub-endometrial linear 
striations were found to be the most specific feature 
for adenomyosis in a previous study15. Moreover, the 
enlarged globular uterus had high accuracy for 
adenomyosis diagnosis. There may be focal or 
diffuse thickening of the uterine myometrium with 
indistinct endometrial myometrial and heteroge-
neous appearing uterine myometrium. This appear-

ance has been described as Venetian blind shad-
owing23. In the current study, heterogeneous 
myometrium, and myometrial cysts were found to 
be the most frequent features along with a poor 
definition of the junctional zone between endome-
trium and myometrium with associated globular 
uterine enlargement.  First and foremost, our findings 
emphasize the importance of considering adeno-
myosis as a potential diagnosis in women presenting 
with symptoms such as dysmenorrhea and pelvic 
pain, especially in those who fall within the identified 
at-risk demographic groups. Healthcare providers 
should be aware of the utility of sonography as a 
non-invasive and accessible diagnostic tool for 
adenomyosis.

Furthermore, the diagnostic accuracy parameters 
we reported highlight the value of sonography in 
the initial assessment of adenomyosis. This imaging 
modality can aid in triaging patients for further 
evaluation and treatment planning. It has been 
reported in the literature that the widespread avail-
ability of ultrasound and the rising expenses associ-
ated with MRI have resulted in TVS being favored as 
the primary imaging modality for initial assessments, 
with MRI being reserved for non-invasive diagnosis 
where the diagnosis is uncertain or ambiguous17,24,25. 
However, it is essential to recognize that sonogra-
phy, while valuable, may not be the definitive diag-
nostic tool in all cases. In instances where clinical 
suspicion remains high despite negative sonograph-
ic findings, additional imaging modalities or invasive 
procedures may be warranted.

One key limitation is the relatively small sample size 
inherent to a single-center study. Larger, multi-cen-
ter studies with more diverse patient populations are 
needed to provide more robust estimates of sonog-
raphy's diagnostic accuracy in detecting adenomy-
osis. Second, the diagnostic criteria used in sonogra-
phy for adenomyosis may not be standardized 
across all institutions and radiologists. Variations in 
the interpretation of sonographic findings, such as 
uterine wall thickness and myometrial cysts, could 
impact diagnostic accuracy.  

CONCLUSION
TVS in the evaluation of adenomyosis is an important 
reliable diagnostic tool. The most reliable sono-
graphic finding is the presence of sub-endometrial 
linear striation with other features that support the 
diagnosis of adenomyosis including heterogenous 
myometrium, myometrial cysts, and globular config-
uration of the uterus. A considerably higher number 
of patients with clinical features of infertility, endo-
metriosis, pelvic inflammatory disease, dysmenor-
rhea, dyspareunia, and urinary and GI symptoms 
were found to have a higher prevalence of adeno-
myosis on TVS and detected positive on histopathol-
ogy. 
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DISCUSSION
This research revealed the frequencies for thrombo-
cytopenia, leukopenia, and neutropenia as 26.2% 
(25), 20.5% (25), and 18.9% (23) respectively. In a 
study from Qatar analyzing newborns of pre-ec-
lamptic females, 13% of the newborns developed 
neonatal thrombocytopenia, which is lower than 
what we found in this study (26.2%)15. Our findings 
are closer to what Kiran et al found from India 
(22%)16. Harms et al noted the frequency of throm-
bocytopenia among newborns of pre-eclamptic 
mothers as 33% which is higher than what we 
found17.  Relatively higher proportions of thrombocy-
topenia have been found by Eltink et al (34%), and 
Bhat et al (36%)18,19. The variations observed in these 
outcomes may be linked to several factors. One 
contributing factor could be the efforts made in the 
field of obstetrics to enhance the assessment and 
monitoring of women with a history of PE. Additional-
ly, the economic and social status of diverse popu-
lations may also play a role in these differences.

The frequency of leukopenia was 20.5% in the 
present study. Bayoumi et al found the frequency of 
leukopenia among newborns of pre-eclamptic 
mothers as 11%. Our findings are very similar to what 
was noted by Harms et al (21%)17. In a prospective 
case-control study, preeclamptic mothers' 
neonates were studied with an equal number of 
patients in both groups. In newborns of preeclamp-
tic mothers, there was substantial increase in means 
of hemoglobin (17.6±1.17 vs. 14.6±0.65 g/dl, 
p<0.001), red blood cell count (4.96±0.32 vs. 
4.56±0.22 x 106/mm3, p<0.001), mean corpuscular 
volume (108.9±4.7 vs. 104.76±1.93 fl, p<0.001), and 
reticulocyte count (10.75±2.52 vs. 2.04±0.87 %, 
p<0.001). Moreover, total leucocyte count 
(8989±818 vs. 15382±992 per mm3, p<0.001), mean 
neutrophil count (45.9±2.12 vs. 52.2±1.72, p<0.001), 
absolute neutrophil count (4723.15±255 vs. 
9233±630, p<0.001), lymphocyte count (43.03±2.29 
vs. 44.91±2.25 %, p<0.001), and platelet count 
(94.2±10.3 vs. 202.6±31.05 x103/mm3, p<0.001) 
showed significantly declined values20. Another 

Nigerian study included 200 neonates, with 100 
belonging to mothers with pregnancy-related 
hypertensive disorders and 100 belonging to normo-
tensive mothers. A comparison showed that  the 
neonates of normotensive moms had considerably 
lower mean hematocrit and higher neutrophil and 
platelet counts compared to the neonates of hyper-
tensive mothers. The neonates of hypertensive 
mothers had polycythemia, neutropenia, and 
thrombocytopenia of 8%, 15%, and 38%, respective-
ly, whereas the respective findings for the neonates 
of normotensive mothers were 0%, 2%, and 8%, 
showing a significant variance between the group 
findings21. These findings established that the 
frequency of hematological abnormalities among 
newborns of pre-eclamptic mothers is significantly 
high when compared to controls. Although 
newborns of hypertensive mothers show significant 
changes in their hematological profiles, these were 
not significantly related to rising neonatal morbidity 
as has been found by some researchers22.

PE is a maternal disease that affects the placenta and 
is linked to problems for the developing fetus23,24. The 
hematological profiles of babies born to preeclamptic 
mothers showed high abnormal proportions. Hemato-
logic follow-ups can be done on these babies for 
monitoring and timely identification of the develop-
ment of related abnormalities25. A relatively small 
sample size along with a single study center were 
some of the limitations of this study. We did not have 
any control groups so further local studies are needed 
to verify the findings of this study.

CONCLUSION
The frequency of thrombocytopenia, leucopenia, 
and neutropenia was found to be high in newborns of 
pre-eclamptic mothers. Early hematological screen-
ing of the newborns of pre-eclamptic mothers like 
complete blood count and peripheral smear exam-
inations may help in the early diagnosis of hematologi-
cal complications in these babies. There is a need for 
further research to validate these findings and 
improve neonatal healthcare outcomes.

ACKNOWLEDGEMENTS
The authors are thankful to M. Aamir Latif (RESnTEC) 
for his assistance in the statistical analysis of this 
research.

CONFLICT OF INTERESTS
The authors declare no conflict of interest.

ETHICAL APPROVAL
Ethical approval for conducting this study was 
obtained from the ethical review committee of the 
study institute (protocol number: 000239/22).

PATIENT CONSENT
Informed consent was taken from all patients before 

obtaining the data.

AUTHORS CONTRIBUTIONS
MAT is involved in the study conception, write-up, 
critical review, and approval of the final version of 
the manuscript. SI and ZM contributed to data 
collection, data analysis, and literature review.

REFERENCES
1. World health organization. Neonatal mortality. 
2021. Available at: https://www.who.int/news-room 
/fact-sheets/detail/levels-and-trends-in-child-mor-
tality-report-2021
2. Khan A, Kinney MV, Hazir T, Hafeez A, Wall SN, Ali N, 
et al. Newborn survival in Pakistan: a decade of 
change and future implications. Health Policy Plan. 
2012;27(Suppl 3):iii72–iii87. doi: 10.1093/heapol/czs047
3. Mou AD, Barman Z, Hasan M, Miah R, Hafsa JM, 
Trisha AD, et al. Prevalence of preeclampsia and the 
associated risk factors among pregnant women in 
Bangladesh. Sci Rep. 2021;11(1):21339. doi:10.1038 
/s41598-021-00839-w
4. Osungbade KO, Ige OK. Public health perspec-
tives of preeclampsia in developing countries: impli-
cation for health system strengthening. J Pregnancy. 
2011;2011. doi:10.1155/2011/481095
5. Jung E, Romero R, Yeo L, Nardhy G, Piya C, Adith-
ep J, et al. The etiology of preeclampsia. Am J 
Obstet Gynecol. 2022;226(2S):S844-S866. doi:10.10 
16/j.ajog.2021.11.1356
6. Fox R, Kitt J, Leeson P, Aye CYL, Lewandowski AJ. 
Preeclampsia: Risk Factors, Diagnosis, Management, 
and the Cardiovascular Impact on the Offspring. J Clin 
Med. 2019;8(10):1625. doi:10.3390/jcm8101625
7. Vigil-De Gracia P, Vargas C, Sánchez J, Collan-
tes-Cubas J. Preeclampsia: Narrative review for clinical 
use. Heliyon. 2023;9(3):e14187. doi:10.1016/j.heliyon. 
2023.e14187
8. Uzunov AV, Secara DC, Mehedinţu C, Cîrstoiu MM. 
Preeclampsia and neonatal outcomes in adolescent 
and adult patients. J Med Life. 2022;15(12):1488-1492. 
doi:10.25122/jml-2022-0264
9. Atamamen TF, Naing NN, Oyetunji JA, Wan-Arfah 
N. Systematic literature review on the neonatal 
outcome of preeclampsia. Pan Afr Med J. 
2022;41:82. doi:10.11604/pamj.2022.41.82.31413
10. Zhang N, Tan J, Yang H, Khalil RA. Comparative 
risks and predictors of preeclamptic pregnancy in 
the Eastern, Western and developing world. 
Biochem Pharmacol. 2020;182:114247. doi:10.1016/j. 
bcp.2020.114247
11. Ceyhan T, Beyan C, Baser I, Kaptan K, Güngör S, Ifran 
A. The effect of preeclampsia on complete blood count, 
platelet count and mean platelet volume. Ann Hematol. 
2006;85(5):320-322. doi:10.1007/s00277-006-0091-7
12. Sivakumar S, Bhat BV, Badhe BA. Effect of preg-
nancy induced hypertension on mother and their 
babies. Indian J Pediatr. 2007;74:623-625. doi:10.1 
007/s12098-007-0110-2
13. Mouzinho A, Rosenfeld CR, Sanchez PJ, Risser R. 

Effect of maternal hypertension on neonatal neutro-
penia and risk of nosocomial infection. Pediatrics. 
1992; 90:430–435.
14. Mosayebi Z, Nariman S, Hosseini L, Movahedian AH. 
Evaluation of laboratory disorders in admitted 
neonates in nicu who were born to preeclamptic 
mothers. J ComprPed. 2013;4(4):194-9. doi:10.17795/-
compreped-12755
15. Bayoumi MAA, Ali AAH, Hamad SG, Ali AAM, Elmalik 
EE, Elkalaf MIR, et al. Effect of Maternal Preeclampsia on 
Hematological Profile of Newborns in Qatar. Biomed Res 
Int. 2020;2020:7953289. doi:10.1155/2020/7953289
16. Kiran S, Bhaskar G, Jayashree N. A Study of Throm-
bocytopenia in Sick Neonates in a Tertiary Care 
Centre. Sch J App Med Sci, 2017;5(9B):3609-3616. doi: 
10.36347/sjams.2017.v05i09.027
17. Harms K., Rath W., Herting E., Kuhn W. Maternal 
hemolysis, elevated liver enzymes, low platelet count, 
and neonatal outcome. American Journal of Perina-
tology. 1995;12(1):1–6. doi: 10.1055/s-2007-994387
18. Eeltink CM, van Lingen RA, Aarnoudse JG, Derks 
JB, Okken A. Maternal haemolysis, elevated liver 
enzymes and low platelets syndrome: specific prob-
lems in the newborn. European Journal of Pediatrics. 
1993;152(2):160–163. doi: 10.1007/BF02072496.
19. Bhat YR, Cherian CS. Neonatal thrombocytope-
nia associated with maternal pregnancy induced 
hypertension. Indian Journal of Pediatrics. 
2008;75(6):571–573. doi: 10.1007/s12098-008-0110-x
20. Mouna K, Doddagowda SM, Junjegowda K, 

Krishnamurthy L. Changes in Haematological 
Parameters in Newborns Born to Preeclamptic Moth-
ers - A Case Control Study in a Rural Hospital. J Clin 
Diagn Res. 2017;11(7):EC26-EC29. doi:10.7860/JC-
DR/2017/29137.10303
21. Okoye HC, Eweputanna LI, Korubo KI, Ejele OA. 
Effects of maternal hypertension on the neonatal 
haemogram in southern Nigeria: A case-control study. 
Malawi Med J. 2016;28(4):174-178. doi:10.4314/m-
mj.v28i4.5
22. Tiruneh T, Kiros T, Getu S. Hematological refer-
ence intervals among full-term newborns in Ethiopia: 
a cross-sectional study. BMC Pediatr. 2020;20(1):417.  
doi:10.1186/s12887-020-02320-5
23. Nelson KM, Irvin-Choy N, Hoffman MK, Gleghorn 
JP, Day ES. Diseases and conditions that impact 
maternal and fetal health and the potential for 
nanomedicine therapies. Adv Drug Deliv Rev. 
2021;170:425-438. doi:10.1016/j.addr.2020.09.013
24. Phipps EA, Thadhani R, Benzing T, Karumanchi 
SA. Pre-eclampsia: pathogenesis, novel diagnostics 
and therapies [published correction appears in Nat 
Rev Nephrol. 2019 Jun;15(6):386]. Nat Rev Nephrol. 
2019;15(5):275-289. doi:10.1038/s41581-019-0119-6
25. Dziegiel MH, Krog GR, Hansen AT, Olsen M, 
Lausen B, Norgaard LN, et al. Laboratory monitoring 
of mother, fetus, and newborn in hemolytic disease 
of fetus and newborn. Transfus Med Hemother. 
2021;48(5):306-315. doi:10.1159/000518782

Ara et al.



30 PAKISTAN JOURNAL OF MEDICINE AND DENTISTRY 2024, VOL. 13 (01) DOI: https://doi.org/10.36283/PJMD13-1/006

INTRODUCTION
Adenomyosis is a common medical ailment of 
gynecology that occurs when endometrial tissue 
grows abnormally in the myometrium of the uterus. 
Adenomyosis occurs when the normal boundary 
between the endometrial basal layer and the 
myometrium is disrupted 1-3. The cause of this disruption 
is not fully understood but may be due to uterine 
trauma, pregnancy, postpartum endometritis, or 
cesarean delivery. The initial histopathological finding 
of this pathology was referred to as osteosarcoma 
adenoids uterinum4. However, most of the patients 
with adenomyosis are asymptomatic. It is reported 
that painful menstruation, heavy vaginal bleeding 
during menstruation, and pelvic pain are the common 
presenting symptoms5. Pelvic tenderness is elicited on 
examination. Recent data suggest the prevalence of 
adenomyosis is around 10%-31%6,7. According to 
another study, adenomyosis is found in 20.9% of 
patients8. In the Pakistani population, adenomyosis is 
found in 68.3% of the patients9. A theory of altered 
lymphatic pathway has been proposed for 
adenomyosis development 10.

Ultrasound, hysterosalpingography and magnetic 
resonance imaging (MRI) are the common modali-
ties usually used for evaluation of adenomyosis. 
Hysterosalpingography is a minimally invasive tech-
nique for diagnosis but carries the risk of radiation 
exposure11. Transvaginal ultrasound (TVS) is the 
preferred initial imaging investigation. It is cheap, 
non-invasive without ionizing radiation, and readily 
available modality12. MRI is the modality without 
ionizing radiation and its excellent spatial resolution 
and soft tissue contrast make it useful for adenomyo-
sis evaluation. However, it is an expensive modality 
and not readily available. 

The rationale of the study is that adenomyosis is an 
important benign gynecological condition among 
females. Menorrhagia as a result of adenomyosis 
can cause significant blood loss which may lead to 
anemia and significant morbidity. Moreover, 
dysmenorrhea and chronic pelvic pain are other 
presenting symptoms that may impair the quality of 
life in women13. Therefore, it is important to diagnose 
it early so that prompt management can be initiat-
ed. This study evaluated the frequency, diagnostic 
precision, and clinical relevance of adenomyosis 
using TVS. Moreover, it also revealed the most 
frequent radiological features of adenomyosis on 
TVS and its association with the patient’s clinical 
symptoms. 

METHODS
This cross-sectional study was carried out at the 
radiology department of Dow University Hospital, 
Ojha campus Karachi, Pakistan from January 2022 
to March 2023. Ethical approval was obtained from 
the Institutional Review Board of Dow University of 

Health Sciences prior commencement of the study 
(IRB #: IRB-2323/DUHS/Approval/2021/659). More-
over, signed informed consent was also obtained 
from all study participants before the enrolment in 
the study. All married females of reproductive age 
group between 18-50 years presented with symp-
toms of adenomyosis for more than 7 days were 
included. Patients already diagnosed with adeno-
myosis and presented with follow-up after treat-
ment, diagnosed cases of uterine fibroids, and 
already diagnosed cases of pelvic inflammatory 
disease were excluded.

Patients' records were evaluated for the diagnosis of 
adenomyosis determined by hysterectomy and for 
sonography performed within 2 months of surgery. 
Sonograms were evaluated by radiologists without 
knowledge of the extent of adenomyosis. Sonograph-
ic categories included visualization of the endometri-
um, presence of a diffuse uterine process, presence of 
fibroids, and normal findings. Pathologic results includ-
ed mild, focal, and severe adenomyosis. 

Epi Info sample size calculator was used and the 
estimated sample size was 280. Clinically suspected 
adenomyosis was defined as based on the 
presence of menorrhagia (any episode of bleeding 
during the menstrual cycle lasting for more than 7 
days) or dysmenorrhea (any episode of painful men-
struation of any intensity during the menstrual cycle) 
or pelvic pain (Visual analog Scale VAS score 4-10).

Adenomyosis on TVS was labeled as positive based 
on the presence of any one of the following charac-
teristics: Globular uterus (rounded configuration of 
uterus) asymmetrical anteroposterior myometrial 
wall or indistinct endometrial myometrial interface 
(poor differentiation of endometrial myometrial 
interface) or myometrial cysts or hyperechoic linear 
striations or heterogeneous appearance of myome-
trium. On histopathology, adenomyosis was defined 
as the presence of endometrial glands and endo-
metrial stroma within the myometrium of the uterus. 
This information along with baseline characteristics 
such as age, parity, infertility, and previous in-vitro 
fertilization (IVF) were noted along with symptoms 
such as dysmenorrhea, dyspareunia, urinary symp-
toms, or gastrointestinal (GI) symptoms. Additionally, 
sonographic characteristics such as rounded Glob-
ular configuration of the uterus, asymmetry of the 
anteroposterior wall of the myometrium, poor defini-
tion of the endometrial-myometrial junction, 
myometrial cysts, sub-endometrial linear echogenic 
striations, heterogeneous myometrium, and asym-
metrical thickening was observed.

SPSS version 24 was used for statistical analysis. Mean 
standard deviation (SD) was reported for quantita-
tive variables whereas frequency and percentages 
were calculated for qualitative variables. Indepen-

dent t-test and chi-square test were applied to see 
the mean difference and association of adenomyo-
sis with baseline characteristics. The p-value of ≤0.05 
was considered significant. Additionally, the diag-
nostic accuracy of TVS in diagnosing adenomyosis 
was assessed by calculating sensitivity, specificity, 
positive predictive value (PPV), and negative 
predictive value (NPV) using contingency tables 
taking histopathology findings as the gold standard.

RESULTS
Of 280 patients, the mean age of the patients was 
44.51 ±13.16 years. There were 172 (61.4%) parous 
women whereas previous cesarean section was 
observed in 141 (50.4%) patients. In addition, infertili-
ty was observed in 172 (61.4%) and previous IVF was 
observed in 107 (38.2%) patients.  Dysmenorrhea 

was the most common symptom observed in 237 
(84.6%) patients followed by dyspareunia in 192 
(68.6%), urinary symptoms in 182 (65.0%), whereas GI 
symptoms were observed in 179 (63.9%) patients. 

Ultrasonographic findings showed that a rounded 
Globular configuration of the uterus was observed in 
116 (41.4%) patients, asymmetry of the anteroposte-
rior wall of myometrium in 99 (35.4%), poor definition 
of endometrial-myometrial junction in 115 (41.1%), 
myometrial cysts in 127 (45.4%), sub endometrial 
linear echogenic striations in 93 (33.2%), heteroge-
neous myometrium in 138 (49.3%), and asymmetrical 
thickening in 90 (32.1%) patients. Adenomyosis on 
TVS was observed in 180 (64.3%) patients whereas on 
histopathology in 176 (62.9%) patients (Figure 1).

DISCUSSION
Sonography has emerged as a primary preferred 
and valuable tool in the diagnostic workup of 
adenomyosis due to its non-invasive nature and 
widespread availability. The findings of the study 
revealed that the sensitivity of TVS in detecting 
adenomyosis was found to be 89.20%, specificity 
77.88%, PPV 87.22%, NPV 81.00%, and overall diag-
nostic accuracy 85.00%. These values suggest that 
sonography can be a reliable tool for evaluating 
adenomyosis, with a relatively high sensitivity for 
ruling out the condition and a respectable specifici-
ty for confirming its presence. This finding is consis-
tent with previous studies that have also reported 
somewhat similar diagnostic accuracy parame-
ters14-16. A recent international study by Maudot et al 
has reported moderate sensitivity as compared to 
the current study findings. According to their study 
findings, sensitivity was found to be 52%, specificity 
85%, PPV 77%, and NPV 86%17. The author empha-
sized that within the field of gynecology, TVS stands 
out as the most frequently employed non-invasive 
diagnostic procedure. Furthermore, it is the initial 
and preferred diagnostic method for adenomyosis 
due to its widespread acceptance and cost-effec-
tiveness, despite its moderate diagnostic accuracy. 
In a systematic review and meta-analysis carried out 
by Liu et al, it was noted that the diagnostic perfor-
mance of TVS was found to be high and compara-
ble to the performance of MRI18.

Our study yielded valuable insights into the frequen-
cy of adenomyosis detection using sonography. The 
overall frequency of adenomyosis in the studied 
population was found to be 64.3%. This finding is 
somewhat consistent with previous research 
suggesting that adenomyosis is a prevalent condi-
tion among women of reproductive age, although 
the reported prevalence can vary significantly 
across different populations17,19. 
Furthermore, our study explored the relationship 
between patient clinical demographics and 
adenomyosis detection. We observed that patients 
presented with infertility, endometriosis, pelvic 
inflammatory disease dysmenorrhea, dyspareunia, 
and urinary and GI symptoms were found to have a 
significantly higher likelihood of adenomyosis. This 
observation aligns with existing literature suggesting 
that adenomyosis may be more common in specific 
subgroups of the population, providing important 
clinical context for identifying at-risk individuals20-22.

Among features of TVS, sub-endometrial linear 
striations were found to be the most specific feature 
for adenomyosis in a previous study15. Moreover, the 
enlarged globular uterus had high accuracy for 
adenomyosis diagnosis. There may be focal or 
diffuse thickening of the uterine myometrium with 
indistinct endometrial myometrial and heteroge-
neous appearing uterine myometrium. This appear-

ance has been described as Venetian blind shad-
owing23. In the current study, heterogeneous 
myometrium, and myometrial cysts were found to 
be the most frequent features along with a poor 
definition of the junctional zone between endome-
trium and myometrium with associated globular 
uterine enlargement.  First and foremost, our findings 
emphasize the importance of considering adeno-
myosis as a potential diagnosis in women presenting 
with symptoms such as dysmenorrhea and pelvic 
pain, especially in those who fall within the identified 
at-risk demographic groups. Healthcare providers 
should be aware of the utility of sonography as a 
non-invasive and accessible diagnostic tool for 
adenomyosis.

Furthermore, the diagnostic accuracy parameters 
we reported highlight the value of sonography in 
the initial assessment of adenomyosis. This imaging 
modality can aid in triaging patients for further 
evaluation and treatment planning. It has been 
reported in the literature that the widespread avail-
ability of ultrasound and the rising expenses associ-
ated with MRI have resulted in TVS being favored as 
the primary imaging modality for initial assessments, 
with MRI being reserved for non-invasive diagnosis 
where the diagnosis is uncertain or ambiguous17,24,25. 
However, it is essential to recognize that sonogra-
phy, while valuable, may not be the definitive diag-
nostic tool in all cases. In instances where clinical 
suspicion remains high despite negative sonograph-
ic findings, additional imaging modalities or invasive 
procedures may be warranted.

One key limitation is the relatively small sample size 
inherent to a single-center study. Larger, multi-cen-
ter studies with more diverse patient populations are 
needed to provide more robust estimates of sonog-
raphy's diagnostic accuracy in detecting adenomy-
osis. Second, the diagnostic criteria used in sonogra-
phy for adenomyosis may not be standardized 
across all institutions and radiologists. Variations in 
the interpretation of sonographic findings, such as 
uterine wall thickness and myometrial cysts, could 
impact diagnostic accuracy.  

CONCLUSION
TVS in the evaluation of adenomyosis is an important 
reliable diagnostic tool. The most reliable sono-
graphic finding is the presence of sub-endometrial 
linear striation with other features that support the 
diagnosis of adenomyosis including heterogenous 
myometrium, myometrial cysts, and globular config-
uration of the uterus. A considerably higher number 
of patients with clinical features of infertility, endo-
metriosis, pelvic inflammatory disease, dysmenor-
rhea, dyspareunia, and urinary and GI symptoms 
were found to have a higher prevalence of adeno-
myosis on TVS and detected positive on histopathol-
ogy. 
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DISCUSSION
This research revealed the frequencies for thrombo-
cytopenia, leukopenia, and neutropenia as 26.2% 
(25), 20.5% (25), and 18.9% (23) respectively. In a 
study from Qatar analyzing newborns of pre-ec-
lamptic females, 13% of the newborns developed 
neonatal thrombocytopenia, which is lower than 
what we found in this study (26.2%)15. Our findings 
are closer to what Kiran et al found from India 
(22%)16. Harms et al noted the frequency of throm-
bocytopenia among newborns of pre-eclamptic 
mothers as 33% which is higher than what we 
found17.  Relatively higher proportions of thrombocy-
topenia have been found by Eltink et al (34%), and 
Bhat et al (36%)18,19. The variations observed in these 
outcomes may be linked to several factors. One 
contributing factor could be the efforts made in the 
field of obstetrics to enhance the assessment and 
monitoring of women with a history of PE. Additional-
ly, the economic and social status of diverse popu-
lations may also play a role in these differences.

The frequency of leukopenia was 20.5% in the 
present study. Bayoumi et al found the frequency of 
leukopenia among newborns of pre-eclamptic 
mothers as 11%. Our findings are very similar to what 
was noted by Harms et al (21%)17. In a prospective 
case-control study, preeclamptic mothers' 
neonates were studied with an equal number of 
patients in both groups. In newborns of preeclamp-
tic mothers, there was substantial increase in means 
of hemoglobin (17.6±1.17 vs. 14.6±0.65 g/dl, 
p<0.001), red blood cell count (4.96±0.32 vs. 
4.56±0.22 x 106/mm3, p<0.001), mean corpuscular 
volume (108.9±4.7 vs. 104.76±1.93 fl, p<0.001), and 
reticulocyte count (10.75±2.52 vs. 2.04±0.87 %, 
p<0.001). Moreover, total leucocyte count 
(8989±818 vs. 15382±992 per mm3, p<0.001), mean 
neutrophil count (45.9±2.12 vs. 52.2±1.72, p<0.001), 
absolute neutrophil count (4723.15±255 vs. 
9233±630, p<0.001), lymphocyte count (43.03±2.29 
vs. 44.91±2.25 %, p<0.001), and platelet count 
(94.2±10.3 vs. 202.6±31.05 x103/mm3, p<0.001) 
showed significantly declined values20. Another 

Nigerian study included 200 neonates, with 100 
belonging to mothers with pregnancy-related 
hypertensive disorders and 100 belonging to normo-
tensive mothers. A comparison showed that  the 
neonates of normotensive moms had considerably 
lower mean hematocrit and higher neutrophil and 
platelet counts compared to the neonates of hyper-
tensive mothers. The neonates of hypertensive 
mothers had polycythemia, neutropenia, and 
thrombocytopenia of 8%, 15%, and 38%, respective-
ly, whereas the respective findings for the neonates 
of normotensive mothers were 0%, 2%, and 8%, 
showing a significant variance between the group 
findings21. These findings established that the 
frequency of hematological abnormalities among 
newborns of pre-eclamptic mothers is significantly 
high when compared to controls. Although 
newborns of hypertensive mothers show significant 
changes in their hematological profiles, these were 
not significantly related to rising neonatal morbidity 
as has been found by some researchers22.

PE is a maternal disease that affects the placenta and 
is linked to problems for the developing fetus23,24. The 
hematological profiles of babies born to preeclamptic 
mothers showed high abnormal proportions. Hemato-
logic follow-ups can be done on these babies for 
monitoring and timely identification of the develop-
ment of related abnormalities25. A relatively small 
sample size along with a single study center were 
some of the limitations of this study. We did not have 
any control groups so further local studies are needed 
to verify the findings of this study.

CONCLUSION
The frequency of thrombocytopenia, leucopenia, 
and neutropenia was found to be high in newborns of 
pre-eclamptic mothers. Early hematological screen-
ing of the newborns of pre-eclamptic mothers like 
complete blood count and peripheral smear exam-
inations may help in the early diagnosis of hematologi-
cal complications in these babies. There is a need for 
further research to validate these findings and 
improve neonatal healthcare outcomes.
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