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ABSTRACT
Background: To clarify clinical importance of serum CA19-9, CA-125, and plasma D-dimer (D-D)
levels in detecting spontaneously ruptured ovarian endometriosis (OE).
Materials and Methods: We retrospectively examined 173 patients with endometriosis out of
735 cases of OE between 2013 and 2019. Among these, 21 cases were diagnosed as
“spontaneously ruptured” after surgery, while the remaining cases were unruptured. Venous
blood was collected pre-operatively to detect CA19-9, CA-125, and D-D levels. A receiver operat-
ing characteristic curve analysis was applied to test clinical value of each marker.
Results: Among the 21 patients with ruptured OE, 16 had a history of pelvic cysts, 19 claimed
sudden onsets of lower abdominal pain, and fluid accumulation were detected in cul-de-sac in
only six participants by ultrasound. For serological investigation, both CA19-9 and D-D were sig-
nificantly elevated in the ruptured OE group (343.09 ± 367.67U/ml vs. 36.84±40.01U/ml,
3.39 ±4.90mg/L vs. 0.43 ±0.29mg/L, both p< .0001). The area under curve (AUC) value for the
combination of CA19-9 and D-D was 0.975 (95% CI, 0.939� 0.993), with specificity of 96.69%,
and sensitivity of 85.71%. The combination of CA-125, CA19-9 and D-D showed the highest AUC
value that up to 0.976 (95% CI, 0.940–0.993), with sensitivity of 95.24%, and specificity
of 87.50%.
Conclusion: The combination of CA19-9 and D-D can be chosen as an effective and economical
indicators to identify patients with spontaneously ruptured OE in pre-operation assessment.
However, from the perspective of differential diagnosis, the combination of CA-125, CA19-9 and
D-D is the best choice.

KEY MESSAGES

� Taking into account the economic effect, the combination of CA19-9 and D-D can be chosen
as an effective indicators to identify patients with spontaneously ruptured OE in pre-oper-
ation assessment.

� From the perspective of differential diagnosis, the combination of CA-125, CA19-9 and D-D is
the best choice to identify patients with spontaneously ruptured OE.

ARTICLE HISTORY
Received 11 January 2022
Revised 21 March 2022
Accepted 2 May 2022

KEYWORDS
CA19-9; D-dimer; CA-125;
biomarker; endometriosis

1. Introduction

Endometriosis, being widely considered as oestrogen-
dependence, is defined as the presence of active
endometrial glands and stroma tissue outside the ute-
rus. Endometriosis usually causes chronic inflammation
and infertility [1–3]. In women of reproductive age,
the incidence rate of endometriosis is 5–10%, and for
infertile women, the prevalence of endometriosis
reaches as high as 50% [4,5]. Ovarian endometriosis
(OE) is a common type of endometriosis, occupying
17–44% of total cases [6].

Serum CA19-9 and CA-125 levels are typically
applied as biomarkers for malignancies. CA19-9 was
initially reported as an antigen associated with colo-
rectal carcinoma and used as a biomarker for potential
malignant tumours and metastasis [7]. Lately, it has
been reported that the combination of CA19-9, CEA,
CA72-4, CA-125, and Ferritin showed promising results
in diagnosing colorectal cancer, appraising tumour
status, and even evaluating therapeutic effect [8].
Besides, in advanced ovarian cancer, the level of
CA19-9 was also elevated [9]. CA-125, another high
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molecular weight glycoprotein, is used as the first-line
screening method for ovarian cancer [10,11]. Recent
reports showed that the Symptom Index, along with
CA-125 and HE4, had inspiring performance statistics
in predicting cancer in women with pelvic masses,
with high sensitivity and acceptable specificity [12].

For diagnosis of OE, not only is ultrasonography a
very effective and straightforward tool [13], CA-125
and CA19-9 levels have also been recommended as
useful markers [14–16]. Ruptured OE is rare. The accur-
acy for transabdominal ultrasound to diagnose rup-
tured ovarian cysts was 57.42–88.88%, and the
accuracy for intracavitary ultrasound was
68.75–91.89%, the accuracy improved to 91.24–98.79%
combining these two methods [17]. However, misdiag-
nosis still exists. A non-invasive and effective method
is needed. As an infrequent gynaecological emer-
gency, ruptured OE is often associated with sudden
onset of lower abdominal pain combined with nausea
and vomiting, abdominal or uterine tenderness [18].
However, these symptoms are not specific, and it is
formidable to discriminate the condition from other
gynaecological or non-gynaecologic emergencies. A
report claimed the diagnostic rate was as low as 11%
for ruptured OE when only symptoms and physical
examinations were considered [19]. In patients with
endometriosis, Douglas’ pouch is usually tightly closed
or adhered. Therefore, in most cases of ruptured OE,
typical intraperitoneal fluid and Douglas’ pouch effu-
sion are not able to be observed under ultrasonog-
raphy [20]. Accordingly, the function of
ultrasonography in pre-operative diagnosis of ruptured
OE is limited.

Some cases reported extremely elevated serum
CA19-9 or CA-125 levels in patients with ruptured OE
[18,19,21,22]. Few studies focussed on the relationship
between diagnostic efficiency of ruptured OE and
abnormally elevated CA-125 or CA19-9 levels [23].
Besides, it is essential to discriminate benign ruptured
OE from malignant ovarian tumours [24]. Here in, this
report, we aimed to make clear serodiagnosis of
abnormally elevated CA-125, CA19-9 along with D-D
in assisting pre-operative diagnosis within the context
of clinical assessment.

2. Materials and methods

2.1. Patients

The Ethics Committee of the First Affiliated Hospital of
Xi’an Jiaotong University approved our study. All the
patients recruited either underwent laparotomy or
laparoscopy. The revised classification, issued in 1985

by the American Society for Reproductive Medicine,
was applied to diagnose and classify the patients. A
total of 735 cases of OE were included between 2013
and 2019. Among them, 21 cases were clarified as
“spontaneously ruptured” before the surgery and were
collected into the experimental group. The remaining
714 cases were unruptured diagnosed during the sur-
gery. After filtered by inclusion criteria and selected in
randomisation, 152 unruptured OE participants were
chosen as the control group.

The inclusion criteria were: (i) aged 21–45 years, (ii)
underwent surgery via either laparotomy or laparo-
scopic procedure. (iii) diagnosed as OE by postopera-
tive pathology. Exclusion criteria were: (i) combined
with malignant ovarian or other tumours, (ii) diag-
nosed as myoma, adenomyosis, or pelvic inflammatory
disease, (iii) had a history of deep venous thrombosis
of the lower limbs.

2.2. Tumour marker test and coagulation
functional test

Venous blood samples were collected from all patients
before surgery and tested for serum CA-125 and
CA19-9. Coagulation function, including plasma D-D,
FIB, was also tested before surgery. Serum CA19-9 and
CA-125 levels were measured using Roche electro-
chemiluminescence immunoassay (Roche Co., COBAS
e 602, Mannheim, Germany) with CA19-9 test Kit
(Roche Co., YZB/GER 5395-2014) and CA-125 test Kit
(Roche Co., YZB/GER 1568-2015), following manufac-
turer’s instructions. The normal reference value of
CA19-9 was 0–39U/ml, and that of CA-125 was
0–35U/ml. Detection of D-D was performed by Latex
immunoturbidimetry (SYSMEXM, CS-5100, Tokyo,
Japan) using a D-D test kit(SEKISUI Co., GS1-128). The
normal reference value of D-D was 0–1.0mg/L. Those
above the upper limit value were considered positive.

2.3. Statistical methods

Data were examined using the Statistical Package for
the Social Sciences software package (SPSS Statistics
ver. 17.0). Levels of CA19-9, CA-125, and D-D, ages of
the patients, and diameter of OE were presented as
continuous data and were expressed as means with
standard deviations (SDs). An unpaired t-test was used
to compare individual markers between the experi-
mental and control groups. To clarify the importance
of levels of CA-125, CA19-9, and D-D in identifying
ruptured OE, a receiver operating characteristic (ROC)
curve analysis was applied. The sensitivity, specificity,
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and positive and negative predictive values were cal-
culated using SPSS Statistics version 17.0. Further, the
cut-off value depended on Youden index of each
marker was assessed using area under curve (AUC) by
MedCal software, version19.05. P values less than .05
were considered as statistically significant.

3. Results

3.1. Measurement of clinical data in the
experimental and control groups

A total of 173 patients with OE were identified and
retrospectively examined. Among them, 21 patients
had spontaneously ruptured OE and were enrolled in
the experimental group. Seven patients in the experi-
mental group were classified as early stages (I - II), and
the other 15 exhibited advanced disease (III - IV). The
remaining 152 unruptured OE cases were defined as
the control group. In this group, 59 patients were in
early stages, the remaining 93 cases were advanced.

In the experimental group, mean age was
33.0 ± 7.3, that in the control group was 32.2 ± 6.9. The
levels of CA-125, CA19-9, D-D, FIB, CA-153, and CA72-4
levels in the experimental and control groups were
shown in Table 1.

In the experimental group, the level of CA-125 was
significantly elevated compared to that of the control
group (852.51 ± 1002.71U/ml vs. 70.53 ± 64.49U/ml,
p< .0001). There was a statistically significant differ-
ence in the level of CA19-9 between the experimental
group (343.09 ± 367.67 U/ml) and the control group
(36.84 ± 40.01U/ml, p< .0001). D-D level and FIB were
remarkably increased compared with that of the con-
trol group, both with statistically significant difference
(3.39 ± 4.90mg/L vs. 0.43 ± 0.29mg/L, 6.42 ± 6.44 g/L vs.
2.55 ± 0.58 g/L, respectively, both p< .0001).

3.2. General information, pre-operative
symptoms, and operation findings of ruptured OE

For patients with ruptured OE, we summarized their
last medical history, pre-operative data, and perform-
ance during the operation. Among the 21 ruptured OE
patients, 16 of them ever did ultrasonography and
reported pelvic or ovarian cysts. The period from pre-
existing ovarian cysts to the onset of lower abdominal
pain was arranged from 17 days to 4 years, and the
size of tumour was arranged from 4 to 10 cm. Among
them, two patients (case 16, case 20) had a history of
endometrioma surgery. Nineteen out of the 21
patients had acute lower abdominal pain, accompa-
nied by nausea and vomiting, and appeared

abdominal tenderness by physical examination. Four
(case 8, 16, 17, 21) out of 19 patients who accepted
pelvic examination showed chocolate fluid by culdo-
centesis (two patients had no sexual experience). Fluid
accumulation was detected in the cul-de-sac in six
cases (case 6, 8, 10, 16, 17, 21) using ultrasonography.
Fever was noted in only one patient with temperature
being 39.2 �C. Twenty patients accepted surgery, and
the interval from pain attack to surgery arranged from
8h to 7 days, among which, surgery was performed
within 48 h in 11 patients. Only one patient (case 1)
accepted selective operation fivemonths after abdom-
inal pain. During the operation, 19 patients were
found ruptured ovarian cyst along with chocolate fluid
flowing out. Two patients showed haemosiderin stain-
ing of the peritoneum, omentum, surface of ovarian
cyst, or the intestinal canal (data were shown in
Supplemental Table 1). Sixteen patients had laparo-
scopic surgery and five patients underwent laparot-
omy. Three patients underwent oophorectomy, and
the rest had endometriosis enucleation.

3.3. CA-125, CA19-9 levels, and plasma D-D in the
experimental group

We subdivided the experimental group into unilateral
and bilateral cases. The experimental group was also
subdivided into early and advanced disease groups.
We then analysed the levels of CA-125, CA19-9, and
D-D according to various subgroups (Table 2).

Our results showed no statistically significant differ-
ence in the levels of CA-125 (884.92 ± 1039.83U/ml
vs. 658.00 ± 892.96U/ml, p¼ .796), CA19-9 (369.18 ±
386.250U/ml vs. 186.52 ± 202.10U/ml, p¼ .503), or
D-D (3.56 ± 5.238mg/L vs. 2.40 ± 2.19mg/L, p¼ .51)
between the unilateral and bilateral subgroups.

When we compared patients with early versus
advanced stages, we detected no statistically signifi-
cant difference in the levels of CA-125, CA19-9, or
D-D. To be specific, the level of CA-125 was
960.08 ± 907.93U/ml (early) vs. 786.31 ± 1087.37U/ml
(advanced; p¼ .962), CA19-9 was 427.65 ± 519.979U/
ml (early) vs. 291.05 ± 244.72 U/ml (advanced; p¼ .271),

Table 1. Analysis of clinical value in the ruptured OE group
and control group.

Ruptured OE Unruptured OE p Value

Numbers of patients 21 152
Age(y) (mean ± SD) 33.0 ± 7.3 32.2 ± 6.9 NS
CA-125 (U/ml) (mean ± SD) 852.50 ± 1002.70 70.53 ± 64.49 .0001
D-dimer (mg/L) (mean ± SD) 3.40 ± 4.90 0.43 ± 0.29 .0001
FIB (g/L) (mean± SD) 6.41 ± 6.44 2.55 ± 0.58 .0001
CA19-9 (U/ml) (mean ± SD) 343.09 ± 367.67 36.84 ± 40.01 .0001
Diameter (cm) (mean± SD) 7.51 ± 3.33 7.07 ± 2.09 .160
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D-D was 4.27 ± 5.918mg/L (early) vs. 1.98 ± 2.177mg/L
(advanced; p¼ .242).

3.4. Serum CA-125 and CA19-9 levels in the
control group

Same subgroup dividing strategy was performed in
the control group. We then explored difference
between CA-125, CA19-9 and D-D levels in patients
with different stages of unruptured OE, and difference
between unilateral and bilateral subgroups. Both levels
of CA-125 and CA19-9 were much higher in the bilat-
eral group compared to the unilateral group; however,

the difference of CA-125 was not statistically signifi-
cant (89.90 ± 67.56U/ml vs. 58.91 ± 59.99U/ml,
p¼ .095), as shown in Table 3. However, the level of
CA19-9 was significantly higher in the bilateral group
versus the unilateral group (47.09 ± 51.72U/ml vs.
30.69 ± 29.60U/ml, p¼ .036).

The levels of CA-125 and CA19-9 were higher in
patients with advanced stage vs. early-stage disease.
As shown in Table 3, the difference in CA-125 levels
was statistically significant (80.00 ± 77.45U/ml vs.
55.59 ± 30.71U/ml, p¼ .004), while there was no statis-
tically significant difference in the CA19-9 levels
(42.99 ± 44.64U/ml vs. 27.13 ± 29.16U/ml, p¼ .093).

3.5. Performance of serum concentration of CA-
125, CA19-9, and D-D in identifying
spontaneously ruptured OE

A ROC curve was applied to assess the importance of
CA-125, CA19-9, and D-D in differentiating patients
with spontaneously ruptured OE. The results were
shown in Figure 1(A), Table 4, and Supplemental
Table 1.

The AUC showed a statistically significant difference
from the null hypothesis (AUC¼ 0.5), except for OE
diameter (shown in Figure 1(B) and Table 4). The AUC
for CA-125 was 0.912 (95% CI, 0.859–0.950), with the
sensitivity of 85.71% and a specificity of 85.53%. The
AUC for CA19-9 was 0.918 (95% CI, 0.867–0.955), with
sensitivity and specificity of 80.95% and 94.08%,
respectively. Besides, the AUC for D-D was 0.924 (95%
CI, 0.874–0.959), with a sensitivity and specificity of
85.71% and 81.46%, respectively. The cut-off values
of CA-125, CA19-9, and D-D were calculated as
108.1, 95.1, and 0.6, using MedCal version19.05.

Table 3. Level of CA-125 and CA19-9 in the unruptured
OE group.

CA-125 (U/ml) CA19-9 (U/ml)
(mean ± SD) (mean ± SD)

Side of occurrence
Unilateral 58.91 ± 59.99 30.69 ± 29.60
Bilateral 89.89 ± 67.56 47.09 ± 51.72
p Value 0.095 0.036

Stage
Minimal to mild(I-G) 55.59 ± 30.71 27.13 ± 29.16
Moderate to severe (III-IV) 80.00 ± 77.45 43.00 ± 44.64
p Value 0.004 0.093

Table 2. Level of CA-125, CA19-9 and D-dimer in the rup-
tured OE group.

CA-125 (U/ml) CA19-9 (U/ml) D-dimer (mg/L)
(mean ± SD) (mean ± SD) (mean ± SD)

Side of occurrence
Unilateral 884.92 ± 1039.83 369.18 ± 386.25 3.56 ± 5.24
Bilateral 658.00 ± 892.96 186.52 ± 202.10 2.40 ± 2.19
p Value 0.796 0.503 0.510

Stage
Minimal to mild(I-II) 960.08 ± 907.93 427.65 ± 519.98 1.98 ± 2.18
Moderate to severe

(III-IV)
786.31 ± 1087.37 291.05 ± 244.72 4.27 ± 5.92

p Value 0.962 0.271 0.242

Figure 1. ROC curve for CA-125, CA199, D-dimer and the combined markers for differentiating patients withspontaneously rup-
tured OE. (A) The AUC value of CA-125, CA199 combined with D-dimer wasthe highest compared with the other groups . (B) The
AUC value of OE diameter.
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Furthermore, the AUC value of the combination of
CA19-9 and D-D was 0.975 (95% CI, 0.939–0.993), with
the most valuable specificity of 96.69%, LRþ of 25.89
and LR� of 0.15, while the sensitivity was 85.71%. The
AUC value for the combination of CA-125, CA19-9 and
D-D, showed the highest value of 0.976 (95% CI,
0.940–0.993), with the sensitivity of 95.24%, and the
highest specificity of 87.50%. The AUC for the diam-
eter of OE was 0.514 (95% CI, 0.436–0.591), with a sen-
sitivity of 66.67%, and a specificity of 21.33%.

We then compared the AUC of each marker alone
and in combination using the MedCal software (ver-
sion19.05). The AUC value for CA-125 was G1, for
CA19-9 was G2, and for D-D was called G3. The AUC
of the combined groups, CA-125 and CA19-9, CA-125
and D-D, CA19-9 and D-D were named G4, G5, and
G6, respectively. For the combined group, CA-125
along with CA19-9 and D-D, the AUC was named as
G7. As a result (showed in Supplemental Table 2),
there was no significant difference for AUC value
between CA125, CA199 and D-D alone. While the dif-
ference was significant when G7 was compared with
G1 (p¼ .0412), G2 (p¼ .0378) or G3 (p¼ .0461). And
also, data showed statistical difference when we com-
pared G6 with G1 (p¼ .0495), G2 (p¼ .0407) or G3
(p¼.0456). The AUC value obtained by joint detection
of 2 or 3 of the serum concentration of CA-125, CA19-
9, and D-D was with statistically difference from that
of a single marker. However, there was no statistical
difference when we compared the AUC value between
G7 and G4 (p¼ .0716), G5 (p¼ .2183) or G6 (p¼ .8812)
respectively. So conclusion was made that the AUC
value for the combined CA-125, CA19-9, and D-D was
significantly highest compared with other indicators.

4. Discussion

OE is a very common ovarian cyst in women of repro-
ductive age, with patients often showing symptoms as
secondary dysmenorrhoea, dyspareunia, and even
infertility. While ruptured OE is uncommon, it has not
attracted enough attention. Ruptured OE has the

ability to cause acute abdominal pain, even severe
peritonitis which gradually leads to adhesions and sys-
temic disturbances over the long run and decreases
ovarian function [25]. To our best knowledge, few
studies have attempted to discriminate ruptured OE
from other conditions [23,26]. Yu-Hsin Huang once
suggested ruptured OE should be considered in
patients who appeared with acute abdominal pain
and previously known ovarian cysts with a history of
dysmenorrhoea [18]. There was a report claiming the
diagnostic rate was as low as 11% for ruptured OE
when only the symptoms and physical examinations
were considered [19].

Both CA-125 and CA19-9 levels were abnormally
elevated in patients with benign tumours[27]. It was
widely accepted that CA-125 level was a classic marker
for diagnosis of endometriosis because patients with
endometriosis had significantly higher levels of CA-125
[14,28,29]. Moreover, the use of serum HE4, CA-125
and CA72-4 were able to distinguish patients with
ovarian endometrioma or other benign adnexal
masses from those with ovarian malignancy [30]. And
elevated levels of CA19-9 in combination with CA-125
had also been examined for evaluation of endometri-
osis severity [23]. In 2002, Tatsuya Harada et al. found
that CA19-9 levels were significantly higher in patients
with endometriosis compared to patients without
endometriosis and were correlated with the severity of
endometriosis [15]. Zehra Kurdoglu et al. claimed that
CA19-9 was a valuable marker for diagnosing endo-
metriosis and was expected to be used to identify
patients with severe endometriosis when combining
with CA-125 [16]. On the other hand, some studies
claimed that patients with endometriosis had signifi-
cantly higher levels of CA-125; however, CA19-9
alone—or even in combination with CA-125—did not
have satisfied results in discriminating patients with or
without endometriosis [31,32].

In this study, we focussed on the phenomenon that
patients with spontaneously ruptured OE showed
unusually high expression of both CA19-9 and CA-125.
We found that CA19-9 and CA-125 levels were

Table 4. Performance of serum concentration of CA-125, CA19-9 and D-dimer in distinguishing the ruptured ovarian
endometriosis.

AUC AUC (95% CI) Youden index J Cut off value Sensitivity (%) Specificity (%) þLR �LR p Value

CA-125 0.912 0.859� 0.950 0.7124 108.1 85.71 85.53 5.92 0.17 <.0001
CA19-9 0.918 0.867–0.955 0.7503 95.1 80.95 94.08 13.67 0.2 <.0001
D-dimer 0.924 0.874–0.959 0.6717 0.6 85.71 81.46 4.62 0.18 <.0001
CA-125þ CA19-9 0.945 0.899–0.974 0.7798 – 90.48 87.50 7.24 0.11 <.0001
CA-125þD-dimer 0.964 0.924� 0.986 0.7789 – 90.48 87.42 7.19 0.11 <.0001
CA19-9þD-dimer 0.975 0.939� 0.993 0.8240 – 85.71 96.69 25.89 0.15 <.0001
CA-1251 CA19-91D-dimer 0.976 0.940–0.993 0.8274 - 95.24 87.50 7.62 0.05 <.0001
Diameter 0.514 0.436� 0.591 0.1200 5.7 66.67 21.33 – – .8510
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significantly elevated in the ruptured OE group com-
pared with the unruptured (control) OE group.
However, in cases of ruptured endometriosis, no differ-
ence was detected in the level of either CA-125 or
CA19-9 between subgroups of patients with early or
advanced stages. The combination of CA-125 and
CA19-9 was proven effective in distinguishing spon-
taneously ruptured OE from the unruptured one, the
AUC for CA19-9 combined with CA-125 was 0.945
(95% CI, 0.899–0.974), with sensitivity and specificity of
90.45% and 87.5%, respectively. Our results were in
accordance with the findings which stated that the
AUC value for the combined biomarkers, CA-125 and
CA19-9, was 0.992 (95% CI, 0.981–1.000) [23].

At the same time, we focussed on elevated D-D lev-
els in patients with ruptured OE. D-D is a secondary
product of polymerised fibrin that is degraded by plas-
min after blood coagulation. High D-D levels usually
indicate fibrinolytic activity. Early in 2003 [20], Hiroshi
Fujiwara reported a case with ruptured OE with rapid
elevation in serum D-D. When applied immunohisto-
chemical staining, D-D was found deposited in the
endometriotic cyst wall. They assumed the rapid eleva-
tion of D-D was a result of peritoneal absorption of
cyst fluid from ruptured OE which contained fibrin-
degraded products, including D-D. In 2015, Kei Tanaka
et al. [26] focussed on the association between the
elevated expression of D-D and ruptured OE. They
examined 22 cases of OE. Of these, six cases were rup-
tured, and 16 cases underwent planned surgery. They
clarified that elevated D-D levels were associated with
rupture of endometriotic cyst, which was in accord-
ance with our results. However, there was no statistic-
ally significant difference in levels of CA-125 between
ruptured and unruptured cysts (163.6 ± 126.4 U/ml vs.
86.1 ± 87.5 U/ml, p¼ .12). The authors did not measure
the level of CA19-9. We assumed the contradictory
result in regard to the level of CA-125 might be
caused by limited number of cases in their study.

In this study, the D-D levels in the experimental
group were remarkably increased compared to that of
the control group. The AUC for the D-D was 0.924
(95% CI, 0.874–0.959), with sensitivity and specificity of
85.71% and 81.46%, respectively. To our knowledge,
this is the first assertion that the combination of
CA19-9 and D-D was a useful biomarker for the diag-
nosis of spontaneously ruptured OE. Our results
showed that the AUC value for the combined CA19-9
and D-D was 0.975 (95% CI, 0.939–0.993), with the
highest specificity of 96.69%, LRþ of 25.89, and
LR� of 0.15, while the sensitivity was 85.71%. And the
combination of CA-125 along with CA19-9 and D-D

showed the highest AUC value of 0.976 (95% CI,
0.940–0.993), with the sensitivity of 95.24%, and the
highest specificity of 87.50%. From the above result,
we suggested choosing the combination of CA19-9
and D-D as a more effective and economical indicator
in the clinic. However, from the perspective of differ-
ential diagnosis, we suggested CA-125, CA19-9 and D
-D should be chosen for the serum test.

This research, however, is subjected to several limi-
tations. First, spontaneously ruptured OE is rare and
only 21 patients enrolled in our study, which may
cause false-negative result. For example, our result
showed no statistically significant difference with
respect to OE diameter between patients with spon-
taneously ruptured OE and the control group
(7.50 ± 3.33 U/ml vs. 7.07 ± 2.09U/ml, p¼ .16), which
was discrepant from results of prior literature [23].
Second, our data presented large SDs. The large SD
represented the large variation, appropriate and rea-
sonable number of samples can reduce it. However,
this study was a retrospective randomised controlled
study, in which only 21 cases of ruptured OE patients
treated surgically were collected. The low incidence of
ruptured OE limited the sample size, ledding to large
data dispersion. In addition, based on the clinical data,
the serum values of CA-125, CA19-9 of each patient
with ruptured OE were objectively discrete, which was
also the reason for the large SDs. Similar to our
results, Kurdoglu Z et al [16] and Dai X et al [23] also
showed large SDs. However, the difference between
the two groups was statistically significant. More cases
will be collected at multi-centre institution for more
precise results.

5. Conclusions

In this study, we found the combination of extremely
high levels of CA19-9 along with elevated D-D was
expected to be applied as an effective and economical
indicator to identify patients with spontaneously
ruptured OE pre-operatively. However, from the per-
spective of differential diagnosis, the combination of
CA-125, CA19-9 and D-D is the best choice.

Acknowledgments

The authors thank the participating infertile women as well
as all doctors, study nurses, nurses and laboratory staff
employed at the First Affiliated Hospital, Xi’an
Jiaotong University.

ANNALS OF MEDICINE 1449



Disclosure statement

The authors declare that they have no competing interests.

Funding

This research was funded by the Shaanxi Provincial
Collaborative Technology Innovation Plan [2017XT-026,
2017ZDXM-SF-068, 2017ZDJC-11, 2018XT-002, 2019QYPY-
138]. The authors have no financial relationships relevant to
this article to disclose.

Data availability statement

Data generated or analysed during this study are included in
this published article. The datasets generated during and/or
analysed during this study are available from the corre-
sponding author on reasonable request.

References

[1] Saunders PTK, Horne AW. Endometriosis: etiology,
pathobiology, and therapeutic prospects. Cell. 2021;
184(11):1444–2824.

[2] Taylor HS, Kotlyar AM, Flores VA. Endometriosis is a
chronic systemic disease: clinical challenges and novel
innovations. Lancet. 2021;397(10276):839–852.

[3] Berveiller P, Ropert S, Mir O. Endometriosis. N Engl J
Med. 2020;383(2):193–194.

[4] Eskenazi B, Warner ML. Epidemiology of endometri-
osis. Obstet Gynecol Clin North Am. 1997;24(2):
235–258.

[5] Meuleman C, Vandenabeele B, Fieuws S, et al. High
prevalence of endometriosis in infertile women with
normal ovulation and normospermic partners. Fertil
Steril. 2009;92(1):68–74.

[6] Jenkins S, Olive DL, Haney AF. Endometriosis: patho-
genetic implications of the anatomic distribution.
Obstet Gynecol. 1986;67(3):335–338.

[7] Gadducci A, Ferdeghini M, Prontera C, et al. The con-
comitant determination of different tumor markers in
patients with epithelial ovarian cancer and benign
ovarian masses: relevance for differential diagnosis.
Gynecol Oncol. 1992;44(2):147–154.

[8] Gao Y, Wang J, Zhou Y, et al. Evaluation of serum
CEA, CA19-9, CA72-4, CA125 and ferritin as diagnostic
markers and factors of clinical parameters for colorec-
tal cancer. Sci Rep. 2018;8(1):2732.

[9] Zhu J, Jiang L, Wen H, et al. Prognostic value of
serum CA19-9 and perioperative CA-125 levels in
ovarian clear cell carcinoma. Int J Gynecol Cancer.
2018;28:1108–1116.

[10] Lauby A, Colomban O, Corbaux P, et al. The increas-
ing prognostic and predictive roles of the tumor pri-
mary chemosensitivity assessed by CA-125
elimination rate constant K (KELIM) in ovarian cancer:
a narrative review. Cancers (Basel). 2021;14(1):98.

[11] Zhang M, Cheng S, Jin Y, et al. Roles of CA125 in
diagnosis, prediction, and oncogenesis of ovarian

cancer. Biochim Biophys Acta Rev Cancer. 2021;
1875(2):188503.

[12] Goff BA, Agnew K, Neradilek MB, et al. Combining a
symptom index, CA125 and HE4 (triple screen) to
detect ovarian cancer in women with a pelvic mass.
Gynecol Oncol. 2017;147(2):291–295.

[13] Bean E, Naftalin J, Horne A, et al. Prevalence of deep
and ovarian endometriosis in early pregnancy: ultra-
sound diagnostic study. Ultrasound Obstet Gynecol.
2022;59(1):107–113.

[14] Hornstein MD, Harlow BL, Thomas PP, et al. Use of a
new CA 125 assay in the diagnosis of endometriosis.
Hum Reprod. 1995;10(4):932–934.

[15] Harada T, Kubota T, Aso T. Usefulness of CA19-9 ver-
sus CA125 for the diagnosis of endometriosis. Fertil
Steril. 2002;78(4):733–739.

[16] Kurdoglu Z, Gursoy R, Kurdoglu M, et al. Comparison
of the clinical value of CA 19-9 versus CA 125 for the
diagnosis of endometriosis. Fertil Steril. 2009;92(5):
1761–1763.

[17] Yang H, Wang R, Zhao L, et al. Diagnosis and analysis
of transabdominal and intracavitary ultrasound in
gynecological acute abdomen. Comput Math
Methods Med. 2021;2021:9508838.

[18] Huang YH, Liou JD, Hsieh CL, et al. Long-term follow-
up of patients surgically treated for ruptured ovarian
endometriotic cysts. Taiwan J Obstet Gynecol. 2011;
50(3):306–311.

[19] Pratt JH, Shamblin WR. Spontaneous rupture of endo-
metrial cysts of the ovary presenting as an acute
abdominal emergency. Am J Obstet Gynecol. 1970;
108(1):56–62.

[20] Fujiwara H, Kosaka K, Hamanishi S, et al. Acute eleva-
tion of plasma D-dimer levels associated with rupture
of an ovarian endometriotic cyst: case report. Hum
Reprod. 2003;18(2):338–341.

[21] Kurata H, Sasaki M, Kase H, et al. Elevated serum
CA125 and CA19-9 due to the spontaneous rupture
of ovarian endometrioma. Eur J Obstet Gynecol
Reprod Biol. 2002;105(1):75–76.

[22] Rani AK, Kapoor D. Ruptured ovarian endometrioma
with an extreme rise in serum CA 125 level - a
case report: ovarian endometrioma with very high
CA-125 level. Gynecol Oncol Case Rep. 2012;2(3):
100–101.

[23] Dai X, Jin C, Hu Y, et al. High CA-125 and CA19-9 lev-
els in spontaneous ruptured ovarian endometriomas.
Clin Chim Acta. 2015;450:362–365.
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