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1. Introduction

Uterine myomas are the most common benign uterine tumors in women of 
reproductive age [1]. These lesions rarely appear before puberty, and their 
incidence decreases with menopause. Factors that increase overall exposure 
to estrogen throughout life, such as obesity or early first menstruation, 
among others, increase the risk of uterine myomas in women. On the other 
hand reduced estrogen exposure found during exercise and increased 
number of childbirth, have a protectective effect [2]. Heavy menstrual 
bleeding often leading to patient anemia and a feeling of pressure or 
distension in the pelvis are the main symptoms associated with myomas 
[3]. Other symptoms include infertility, increased urinary frequency or 
incontinence, constipation, abdominal bloating, dyspareunia and fatigue 
(due to anemia from heavy bleeding) [4,5]. The spectrum and severity 
of symptoms often depends on the size, location and number of tumors 
in the uterus. [6] Currently, there are various options for the effective 
treatment of myomas, ranging from the most conservative approach to 
the most invasive: symptomatic treatment with oral contraceptive pills 
or levonorgestrel-releasing IUDs, treatment with ulipristal acetate, HIFU, 
embolization of the myoma, surgical removal of the lesion (hysteroscopy, 
laparoscopy, laparotomy) and removal of the affected uterus (laparoscopy, 

laporotomy). Various factors will influence a patient’s choice: personal 
preference, age, desire for pregnancy and future fertility, individual 
symptoms, and medical availability of various treatments. [7] 

Uterine sarcomas account for about 1% of all reproductive tract cancers 
in women and 3-7% of all uterine cancers. Since malignant sarcomas are 
now classified as metaplastic carcinomas, smooth cell sarcomas remain 
the most common subtype. [8] The most common symptoms in women 
with smooth cell myxosarcoma include abnormal uterine bleeding (56%), 
palpable pelvic tumor or enlarged uterus (54%), and pelvic pressure or 
pain (22%) [9]. Other nonspecific symptoms such as discharge, frequent 
urination, constipation and abdominal bloating may also occur. Some 
patients may present with acute peritoneal hematoma due to tumor rupture 
or ectopic spread of the tumor. Because these symptoms are not specific 
and may mimic other more common lesions, such as smooth cell myxoma 
or gatroenetrological abnormalities, it is difficult to diagnose LMS prior 
to histopathological examination of the specimen. Lactate dehydrogenase 
(LDH) is an enzyme that is found in the cells of the human body and 
is involved in the conversion of glucose. It permeates the blood serum 
without major complications due to cell death, blood ionic imbalance or 
increased permeability of the cell membrane. Its elevated levels result 
from LDH escaping outside the cell when it is damaged. [10] In clinical 
practice, serum LDH levels are most commonly measured in patients with 
suspected organ damage or dysfunction, such as myocardial infarction, 
acute hepatitis or hemolytic anemia. As for cancer, serum LDH levels 
increase in patients with tumor growth and tissue destruction, determining 
survival time in patients with Hodgkin’s disease and non-Hodgkin’s 
lymphoma [11]. In ovarian cancer, serum LDH levels can serve as a 
reliable marker to distinguish ovarian cancer from benign ovarian tumors.

Currently, there are no validated fully reliable or tested markers for 
diagnosing and assessing the malignancy of uterine lesions prior to the 
implementation of surgical treatment, and in established pathology of 
this organ. The presence of elevated levels of lactate dehydrogenase, 
especially its isomers, may be related to the presence of a uterine tumor, 
the prognosis of the potential malignancy of the lesion, and affect the 
extent of prognostic surgical treatment[12]. The inability to completely 
rule out the preoperative presence of a malignant lesion is currently one of 
the safety concerns regarding the use of morcellation during laparoscopy. 
Work is underway to find a specific and sensitive marker that will give 
the possibility of making a confident diagnosis before the implementation 
of surgical treatment, thus allowing procedures to be performed in a 
minimally invasive manner. [13,14].While the number of publications on 
the use of examination of lactate dehydrogenase isomers levels in patients 
with uterine tumors is considerable, there are few publications describing 
unequivocally the possibility of confidently using the above-mentioned 
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enzymes to differentiate the nature of uterine tumors, which may have 
implications for the possibility of using minimally invasive procedures 
to treat the pathology of this organ. Also, the standards for LDH and its 
isomers for which, a suspicion of a malignant lesion can be raised have 
not been exhaustively described, so little can be said about their sensitivity 
and specificity.

2. Aim of the study:
 
The project aimed to evaluate the usefulness of biochemical tests (LDH 
and its isomers 3 and 5) in the diagnosis and differentiation of uterine 
tumors. Lactate dehydrogenase is a cytoplasmic enzyme present in all 
human cells. It occurs in 5 isoforms. There are reports describing elevated 
values of lactate dehydrogenase, particularly its isomers 3 and 5, in 
patients diagnosed with uterine lesions. The purpose of this study is to 
evaluate the possibility of using the examination of lactate dehydrogenase 
isomer 3 and 5 levels in the diagnosis of uterine tumors.

3. Material and Methods

The study included 149 patients aged 25-81 years who were the patients of 
the Department of Maternal and Child Health of the Karol Marcinkowski 
Medical University in Poznan. Patients referred for surgery to remove the 
uterus because of established uterine myomas or for extirpation of the 
myoma/myomas of the uterus and for surgery to repair pelvic organ statics 
without uterine lesions were included in the analysis. Data on the analyzed 
patients were obtained from the medical history and questionnaires. The 
diagnosis was established on the basis of a clinical examination including 
in each case: history with a detailed analysis of the diagnosis and internal 
medicine treatment, gynecological examination and ultrasound evaluation. 
The following parameters were also assessed: age, weight, height, body 
mass index (BMI), co-occurrence of chronic diseases gynecological and 
obstetric history, indications for surgical treatment, number of myomas 
and menstrual cycles.  In addition, in each patient, after signing the 
appropriate consent, blood was drawn for biochemical tests. This was 
followed by quantification of lactate dehydrogenase isoenzyme 3 and 5. 
At a later stage, the result of the biochemical tests was matched with the 
result of the histopathological examination. Approval was obtained from 
the Bioethics Committee at the Karol Marcinkowski Medical University 
in Poznan to perform the above procedures. TIBCO Software Inc. (2017), 
Statistica (data analysis software system), version 13, and Microsoft 
Excel (version 2019) - Microsoft Office were used for data analysis. 
Mann-Whitney U test and Kruskal Wallis ANOVA test were used for 
comparisons between the groups. Using Spearman’s R test, Kendall’s tau, 
and the Chi2 of highest reliability test, the relationships between variables 
were examined. The significance level in all calculations was taken as 
p<0.05.
 
4. Results

The analysis included 149 patients hospitalized at the Department 
of Maternal and Child Health of the Karol Marcinkowski Medical 

University in Poznan, Poland, from 2020 to 2022. In the study group, 
laparoscopic supracervical uterine removal (LASH) was performed in 104 
patients (~70%), myomectomy in 22 (~15%), and in the control group, 
laparoscopic lateral uteropexy using the Dubuisson method was performed 
in 19 patients (~13%), and hysterolaparoscopy in 4 (~2%). 

In the study group, the average age of the patients was 45 years, with a 
BMI of about 25.6. The youngest patient was 25 years old, and the oldest 
was 81 years old. The lowest BMI was 17.99, and the highest BMI was 
39.44. The number of fibroids was also dectermined amoung the examined 
patients: without myomas 15 (10.07%), with 1 myoma 53 (35.57%), with 
2 myomas 12 (8.05%), with 3 myomas 4 (2.68%), with 4 myomas 5 
(3.36%), with 5 myomas and more 60 (40.27%). The study demonstrated 
that higher body weight was associated with a higher number of myomas 
(τ=0.11; p=0.047). 

Patients in the Lash group had a significantly higher number of myomas 
compared to the other groups. 
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                                                             Grupa
Lash Inne

0 2(1,92%) 13(28,89%)
1 32(30,77%) 21(46,67%)
2 10(9,62%) 2(4,44%)
3 3(2,88%) 1(2,22%)
4 4(3,85%) 1(2,22%)
5 53(50,96%) 7(15,56%)
Chi2 NW                          X2=36,05; df=5; p<0,001

Table 2: Grupa a liczba miesniakow

In the analysis of the patients, it was also noted that those in the Lash 
group had a higher number of pregnancies compared to the others. 

The study demonstrated that patients in the Lash group were significantly 
less likely to take HRT medications compared to the others. 

Those in the Lash group significantly more often had Group D diseases, 
these were patients with a diagnosis of myoma (96.15% vs 64.44% p 
<0.001). Other diseases including: thyroid diseases, metabolic diseases 
- diabetes mellitus, cardiovascular disease, gastrointestinal diseases with 
the exception of liver diseases in the Lash group were more common, but 
statistical significance was not obtained. There were no differences in the 
length of the hospitalitation between the study groups, and no differences 
in the evaluation of menstrual cycles between the study groups. In the 
study, it was observed that uterine adenomyosis was significantly more 
common in the Lash group (49.04% vs 14.71%) while myomas were 
significantly more common among the other subjects (85.29% vs 50.96%). 

These results had a statistical significance of p <0.001.

In the analysis of histopathological results, it was found that Lash subjects 
were significantly more likely to have Leiomyomata corporis uteri (92.1% 
vs. 60%; p <0.001), Endometrium cum signisproliferationis (65.5% vs. 
2.22% p < 0.001), Adenomiosis (49.04% vs. 11.11% p <0.001). 
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The results of physical and subject tests, including laboratory tests, were 
also analyzed, it was shown that higher age of the subjects was associated 
with higher measurements of HGB (r=0.26; p=0.0045), HTC (r=0.2; 
p=0.03) and LDH (r=0.19; p=0.02) but this result was not statistically 
significant. As the weight of the subjects increased, there were increases 
in leukocyte (r=0.3; p=0.001) and LDH (r=0.21; p=0.01) results and 
decreases in LDH5 (r=-0.18; p=0.025), but the results were not statistically 
significant. Higher BMI scores were associated with higher levels of 
leukocytes (r=0.34; p<0.001), platelets (r=0.21; p=0.02), and LDH 
(r=0.21; p=0.01) and lower LDH5 (r=-0.19; p=0.02), but no statistical 
significance was found. Statistical significance (p<0.001) was found 
for HTC values, peripheral blood erythrocyte count (r=0.78; p<0.001) 
and HGB (r=0.94; p<0.001) for patients in the control group relative 
to patients in the study group.  The study demonstrated a statistically 
significant relationship between the number of myomas diagnosed by 
imaging studies - ultrasound, and laboratory analysis of peripheral blood 
- lower peripheral blood erythrocyte results (τ=-0.13; p=0.04) and higher 
peripheral blood platelet results (τ=0.13; p=0.03) and elevated LDH3 
values (τ=0.16; p=0.005) were significantly more common in patients 
with myomas; however, these results did not have statistical significance. 

Lash subjects were characterized by significantly higher age and height of 
the subjects - but there were no significant differences between the groups 
in body weight and BMI. 

The study demonstrated that women who did not menstruate were 
characterized by significantly higher age compared to those with irregular 

menstruation (z=5.67; p<0.001) and regular menstruation (z=6.08; 
p<0.001). The study showed that non-menstruating subjects, compared to 
subjects with regular monthly cycles, were characterized by significantly 
lower platelet counts (z=2.51; p=0.04) and significantly lower LDH3 
values with concomitantly higher LDH levels (z=2.62; p=0.03).

In the results of the study, it was found that patients with E group diseases 
such as: obesity, hypothyroidism, thyroiditis, lipid metabolism disorders 
and other lipidemias, insulin-dependent diabetes mellitus, and nontoxic 
goiter, were characterized by statistically significantly higher body weight 
(76.5 [ 67.5-85] vs 68 [61-75] p <0.001) and BMI ( 27.2 [24.67-31.35] 
vs 24.48 [21.88- 27.24] p<0.001) compared to Patients without E group 
diseases. 
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In the study, it was observed that patients with group I diseases: 
hypertension, lower extremity varicose veins, ischemic heart disease, 
other acute forms of ischemic heart disease, non-rheumatic mitral valve 
disease, portal vein thrombosis, were characterized by significantly higher 
age, height and BMI. The patients in the group of concomitant diseases 
N including urinary-genital diseases: prolapse of the female reproductive 
organs, intrauterine adenomyosis, other abnormal uterine and vaginal 
bleeding, non-inflammatory diseases of the ovary, fallopian tube and 
uterine broad ligament, kidney and ureteral stones, female infertility, 
except cervical, polyp of the female reproductive system, menopause 
and heavy, frequent and irregular menstruation, were characterized by 
significantly lower BMI and statistically significantly higher LDH3 levels.

In the study, it was observed that patients with uterine adenomyosis 
were characterized by significantly higher age, height and body weight 
compared to patients with myometrium.  

The postoperative material showed that patients with the histopathological 
diagnosis of Endometrium cum signisproliferationis had significantly 
lower HGB levels. There is a tendency for elevated LDH3 values in the 
study group, but this correlation did not show statistical significance.

In the study, it was observed that patients with a postoperative 
histopathological diagnosis of Adenomiosis were characterized by 
significantly higher age, height and body weight.

5. Discussion

Based on the results of our analysis, the significance of lactate 
dehydrogenase isomers in the diagnosis of uterine tumors cannot be 
clearly determined, this requires further analysis in future studies. 
Referring to medical publications, we can note the significant value of 
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lactate dehydrogenase isomers for suspected malignant uterine lesions. 
Several papers have found statistically higher preoperative serum LDH 
levels in patients with uterine sarcoma compared to patients with myomas. 
[15-17] In addition, other studies have shown that the use of serum LDH 
levels and various imaging modalities (fluor-18-deoxyglucose positron 
emission tomography (FDG-PET), PET-CT or MRI) increased the 
sensitivity and specificity of preoperative uterine diagnosis of uterine 
sarcomas and myomas, respectively. [15,16,18] In the study by Di Cello 
A et al., LDH isoenzyme levels differed significantly between patients 
with benign uterine tumors and sarcomas. The LDH3 isoenzyme showed 
better predictive properties than the other four isoforms. A group in 
Italy at Magna Graecia University proposed a mathematical index 
of LDH3 + (24/LDH1), in which elevated ratios correlated with an 
increased likelihood of uterine sarcoma. LDH isoenzyme levels differed 
significantly between the patients with benign uterine tumors or sarcomas. 
The LDH3 isoenzyme showed better predictive properties than the other 
four isoforms, as confirmed by our study.Combining LDH3 with LDH1 
isoenzymes into an inverse algebraic relationship, named the Uterine 
Mass Magna Graecia Risk score (UMG), the accuracy of the markers in 
distinguishing between benign and suspicious malignant uterine lesions 
was significantly increased, with a sensitivity of 100% and specificity 
of 99.6%, with nine false positives in 2211 benign cases and no false 
negatives in 43 sarcomas. [17] Goto et al. proposed an association of an 
increased total LDH activity with suggestive MRI findings, reporting both 
a positive and negative predictive value of up to 100%. [19] Nagai et al. 
(2015) proposed a scoring system for the preoperative diagnosis of uterine 
sarcomas [Preoperative Sarcoma Score (PRESS)] using age at diagnosis, 
serum LDH levels, MRI findings and endometrial cytology results, and 
revised it a year later (revised PRESS=rPRESS). [17]

Among the patients undergoing the study, supracervical removal of the 
uterus by laparoscopy was predominantly performed. In our analysis of 
the histopathological results, we found no cases of uterine sarcoma. It is 
worth noting that in our Clinic, due to the lack of a reliable biomarker to 
differentiate uterine myomas from uterine sarcomas, patients are referred 
for diagnostic testing prior to surgeries performed in minimally invasive 
surgery requiring additional morcellation of myomas/ uterus inside the 
abdominal cavity. In each of these patients, prior to qualification for 
endoscopic procedures, a hysteroscopy is performed under local anesthesia 
with the collection of material for histopathological examination: a biopsy 
from the mucosa of the uterine cavity, a biopsy from the cervical canal 
and biopsy from the cervical disc, which means that patients qualified 
for this type of surgery most likely had benign lesions, since overtly 
malignant cases would be qualified for another type of surgery and would 
be immediately referred to the gynecological oncology department. 
Since the Food and Drug Administration (FDA) issued a warning against 
the use of morcellation in 2014 [20], the risk of sarcoma spread during 
morcellation of uterine myomas has become a “hot” topic [21,22]. The 
great importance of determining the preoperative assessment of the risk 
of sarcoma has been repeatedly emphasized, especially because of the 
clinical impact and the total ban on minimally invasive surgery. Similar 
conclusions were reached by Seagle et al. [23]. They write that patients 

must be adequately educated before a planned surgical procedure so that 
informed consent to the proposed surgical procedure is obtained and 
patient autonomy is preserved. Following the aforementioned guidelines, 
the thorough histopathological evaluation of the material collected during 
the qualifying hysteroscopy before the LASH procedure used at our center 
has a high efficiency for early prediction of an increased risk of uterine 
malignancy in a patient qualified for endoscopic procedures.  

Morcellation of undiagnosed uterine sarcoma without oncologic purity can 
cause tumor abdominal dissemination and recurrence, so it is important 
that preoperative evaluation of suspicious uterine tumors consider 
magnetic resonance imaging (MRI) and total serum lactate dehydrogenase 
(LDH) activity are identified as the most effective tools, while computed 
tomography (CT) and LDH isoenzymes are less frequently considered in 
the literature. [24] Taking into account the effectiveness of the qualification 
procedure used in our clinic in excluding the risk of uterine malignancy 
in patients before LASH procedures in the absence of a diagnosis of 
a malignant process of the uterine corpus in the studied population, 
as a control group we qualified patients with similar anthropometric 
parameters undergoing other endoscopic procedures. Therefore, if further 
work demonstrates that specific serum biomarkers help distinguish uterine 
myomas from uterine sarcoma, this could potentially improve referral to 
gynecologists-oncologists for initial uterine cancer surgery and reduce 
the number of secondary staging procedures, since initial aggressive 
surgical cytoreduction likely prolongs survival [25] Although the LDH 
values in the group we analyzed were within the normal range, they were 
significantly higher in patients with BMI> 30. Ultimately, this may require 
adjusting the definition of the elevated index in obese patients, so that a 
false positive result would inappropriately place these women in a high-
risk group, which could affect the mode of surgery. This is also confirmed 
in the results of the study by Spivack and co-authors [26], however, it 
raises the need and necessity for continued research to develop indicators 
to eliminate false positives for uterine malignancy risk in overweight and 
obese patients. The search for a reliable biomarker in differentiating benign 
and malignant uterine lesions is still ongoing. However, this requires 
further well-designed prospective studies.  

6. Conclusions

Based on the results of the analysis and available literature data, there is 
still no clear and reliable corrective marker with an increased risk of uterine 
tumor oncogenesis. The available literature data and the results of our 
study indicate the diagnostic potential of LDH and its enzymes especially 
LDH 3. However, it seems reasonable to conduct further analyses and 
attempt to systematize and correlate the importance of available diagnostic 
methods in the assessment of the potential malignancy of uterine tumors.  
In addition, proper preoperative qualification of patients with uterine 
tumors, preceded by the algorithm used in our center, among others, allows 
to significantly reduce the risk of intraoperative diagnosis of a malignant 
proliferative process in uterine tumors, which improves the prognosis for 
the patient.
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