
Instruction

Endometrial cancer (EC) is a common type of reproduc-

tive-tract malignancy in females of which endometrioid

carcinoma (EEC) is the most common [1]. Although gen-

erally favorable, the prognosis of EC can range from ex-

cellent with a high curability to poor in highly aggressive

tumors. According to recent research, lymphovascular

space invasion (LVSI) is a significant and consistent poor

prognostic factor that is predictive recurrence and survival.

LVSI appears to be a better predictor than other risk fac-

tors, such as tumor stage, grade, histologic type, and depth

of myometrial invasion. Furthermore, LVSI correlates with

lymph node involvement, and is reported to be a predictor

of prognosis. LVSI invasion is defined as the presence of

tumor cells inside endothelium-lined channels of uterine

specimens outside the main tumor. Importantly, this patho-

logic finding correlates directly with lymphatic tumor

metastasis. Among patients with endometrial carcinoma,

approximately 8-10% of those with early stage and 93.5%

of those with advanced stage can have LVSI [2]. LVSI is

known to be associated with an increased risk of lymph

node metastasis and decreased survival outcomes in en-

dometrial cancer [3-5]. However, LVSI can only be diag-

nosed intraoperatively or based on postoperative pathology,

and there is no effective technique to evaluate LVSI preop-

eratively. Identification of an effective method of predict-

ing LVSI would aide clinicians in evaluating the extent of

lymph node involvement and guiding surgical and postop-

erative treatment strategies.

Transvaginal ultrasonography (TVS) is a routine exami-

nation performed to visualize genital masses. The princi-

ple of TVS is based on alterations in the frequencies of

acoustic or ultrasonic waves, which are related to the dis-

tance between body tissues and the ultrasound probe [6, 7].

Resistance index (RI) is the ratio of the difference between

systolic peak velocity and end-diastolic flow speed com-

pared to the systolic peak velocity (RI= (Vsp-Ved)/Vsp),

and reflects the distal vascular bed resistance at points of

measurement. Due to the use of the velocity ratio value, re-

sults are not affected by beam and blood flow direction

angle; thus, RI has high credibility, repeatability, and ob-

jectivity. It has been universally used for the preoperative

evaluation of benign and malignant tumors.

Evaluation of RI is simple, fast, and reproducible. If RI

can be proven to correlate with LVSI, RI could be used at

the time of surgery as a surrogate marker of LVSI. Thereby

enabling the identification of patients who may benefit
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Summary

Background: Lymphovascular space invasion (LVSI) is an independent factor that affects the survival of patients with endometrioid

carcinoma (EEC). However, few preoperative methods that can predict LVSI. Transvaginal ultrasonography (TVS) is a routine exam-

ination performed in patients with EEC. Therefore, the authors sought to assess whether there is a correlation between uterine blood flow

resistance index (RI), determined by TVS, and LVSI. Materials and Methods: The authors performed a case-control study to examine

patients with LVSI-positive (n = 30) and LVSI-negative (n = 148) Stage I-III endometrial cancer (EC) who underwent hysterectomy-

based surgical staging. The risk associated with TVS intrauterine echo flow RI was estimated based on LVSI patterns. Results: Among

178 patients, the mean RI of patients without LVSI was 0.486 ± 0.15 and that of patients with LVSI was 0.581 ± 0.18. Univariate analy-

sis showed that RI was a risk factor for LVSI (p = 0.027). Multivariate logistic regression analysis indicated that RI was not related to

BMI, endometrial thickness, or uterine length. Hypertension, endometrial thickness, and length of intrauterine echo may increase risk

through changes in RI (p < 0.05). Conclusion: Increased RI in EEC can predict the presence of LVSI. History of hypertension, en-

dometrial thickness, and length of intrauterine echo also influence RI. Preoperative RI measurement is a useful tool for guiding clini-

cal and surgical treatment.
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from full surgical staging. The aim of the present study was

to investigate the association of RI with other histologic

factors and the impact of RI in patients with EEC.

Materials and Methods

In the present retrospective, cohort study, data from women

who were treated for primary EEC at the Department of Obstet-

rics and Gynecology, Lanzhou University of the First Hospital be-

tween January2010 and January 2015, were reviewed and

analyzed. This study was performed in accordance with the ethi-

cal standards of the Declaration of Helsinki and was approved by

the institution ’ s local ethics committee.The records of all patients

who underwent surgical staging for EEC were reviewed, and de-

mographic, clinical, and pathologic data were collected. Clinical

and pathologic variables included patient age, BMI (calculated as

weight in kilograms divided by the square of the height in me-

ters), menopausal status, surgical procedure, FIGO Stage, and

final pathological analysis (histology type, grade, myometrial in-

vasion, lymph node metastasis, and LVSI). All patients with a

EEC FIGO Stage reported according to the 2009 staging system

who underwent primary surgery were included in this analysis.

Appropriate surgical staging was performed by gynecologic on-

cologists, and histopathologic analysis was conducted by a single

dedicated gynecologic pathologist.

LVSI was defined as the presence of tumor cells in the space

lined by endothelial cells outside the immediate invasive border.

microcystic, elongated and fragmented (MELF) type invasion was

used in diagnosing foci as LVSI. Intratumoral LVSI foci were not

considered. The supportive criteria used to define LVSI included

foci near other vessels and the presence of a lymphocytic infil-

trate around the involved vessel.

Patient, tumor, and treatment characteristics were analyzed

using SPSS16.0. Univariate analysis exact tests were used to de-

termine the association between RI and myometrial invasion,

grade, and LVSI. Multivariate logistics regression analysis was

performed to evaluate the influence of variables on RI. Variables

included in the logistic regression were based on bivariate analy-

sis findings and model selection. P values less than 0.05 were con-

sidered to be statistically significant.

Results

During the study period, 125 patients with EEC were

treated for Stage I, 38 patients were treated for Stage II, and

15 patients were treated for Stage III. The mean patient age

was 55.4 ± 9.8 years; 81.2% of the patients were post-

menopausal. The mean BMI was 25.6 ± 4.6. The FIGO

grade distribution was as follows: G1: 69 (38.7%) cases,

G2: 75 (42.1%) cases, G3: 34 (19.1%) cases. Myometrial

invasion involved less than half the myometrium in 128

(71.9%) cases and more than half the myometrium in 50

(28.1%) cases. Cervical involvement was present in 30

(16.8%) cases and LVSI was present in 30 (16.8%) cases

(Table 1).

The mean RI of patients without LVSI was 0.486 ± 0.15

and that of patients with LVSI was 0.581 ± 0.18. Univari-

ate analysis showed that RI was a risk factor for LVSI (p =
0.027) (Table 2). Multivariate logistic regression analysis

showed that RI was independent of BMI, endometrial

thickness, and uterine length. History of hypertension, en-

dometrial thickness, and length of intrauterine echo may

influence LVSI risk through changes in RI (p < 0.05) (Table

3).

Discussion

Surgery is the preferred treatment method for EEC. How-

ever, a subset of patients, who are difficult to identify, can

benefit from full lymphadenectomy. Thus, pelvic lymph

node excision is still controversial, particularly in patients

with early-stage disease [8]. This controversy is reflected

by the various recommendations of different authorities.

For example, the most recent FIGO guidelines suggest that

women with low-risk EEC (well-differentiated with less

than 50% myometrial invasion) do not require full surgical

staging. PORTEC-1/2,GOG-99, SEPAL, and ESMO have

suggested that, for risk stratification and prognosis, the ex-

istence of LVSI is an important factor that can indicate the

need for pelvic lymph node excision [9].

LVSI refers to presence of tumor cells inside endothe-

lium-lined channels of uterine specimens outside the main

tumor. The standard for identifying LVSI is based on the

presence of tumor nests along the edges of the tumor, but

separate from the tumor itself, that are surrounded by en-

dothelial cells and exhibit a nearby stroma reaction. Ac-

Table 1. — Patient characteristics and final pathologic
analysis
Characteristics Value (n = 178)

Age (years) 55.4±9.8

BMI (kg/m

2

) 25.6±4.6

Menopause status

Yes 146 (82.1)

No 32 (17.9)

FIGO Stage

I 125(70.2)

II 38(21.3)

III 15(8.5)

Grade

G1 69 (38.7)

G2 75 (42.1)

G3 34 (19.1)

Myometrial invasion

< 1/2 128 (71.9)

≥ 1/2 50 (28.1)

LVSI

Yes 30 (16.8)

No 148 (83.2)

Cervical involvement

Yes 30 (16.8)

No 148 (83.2)

Lymph node metastasis

Yes 8 (4.5)

No 170 (95.5)

FIGO: Federation International of Gynecology and Obstetrics; LVSI: lympho-

vascular space invasion.
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cordingly, pathological analysis is the gold standard for di-

agnosing LVSI [10]. However, diagnosing LVSI based on

frozen or paraffin sections exhibits great variability due to

technical issues, position, and time required for evaluation

[11, 12]. It is reasonable to consider that this variability

might be amplified in frozen section analysis when time

constraints and sampling errors are taken into considera-

tion. Therefore, identification of an easily accessible tumor

characteristic and auxiliary indicator that can be used to

predict LVSI should be integrated into the intraoperative

algorithm for risk stratification.

Zhi-Zhang Xu first demonstrated that RI was useful for

the diagnosis of liver cancer and for the identification of

benign or malignant liver tumors. If a putative tumor mass

has an RI > 0.5, the chance of malignancy is higher [13].

Uggowitzer found that RI was higher in primary liver can-

cer and metastatic liver cancer compared to focal nodular

hyperplasia [14]. Meanwhile, Gaiani concluded that an RI

of 0.65 was the cut-off between malignant and benign

tumor identification. This cut-off value was found to be ac-

curate in nearly 83.8% of cases; however, the accuracy im-

proved that were greater than 2 cm in diameter [15].

Similarly, breast tumors were most likely malignant if the

RI was greater than 0.7.Moreover, RI combined with tumor

markers can improve diagnostic sensitivity and decrease

the incidence of misdiagnosis of ovarian cancer[16].

Positive LVSI is associated with a high-risk of lymph

node metastasis and para-aortic recurrence. The Mayo

Clinic group verified that LVSI can be used to evaluate the

risk of pelvic lymph node metastasis [17]. Weinberg also

suggested that LVSI was the only significant factor predic-

tive of recurrence and survival. Indeed, the presence of

LVSI is associated with a five-fold risk of microscopic

pelvic lymph node metastases.

The diagnosis of LVSI requires intraoperative or postop-

erative pathological evaluation. Time constraints and the

need to save tissue for a definitive diagnosis on permanent

section assessment might lead to erroneous interpretation

and inadequate sampling during frozen section analysis. In

addition, rapid freezing of the specimen produces technical

artifacts that can be misleading [18]. Therefore, based on

clinical findings that can be used to aid in the diagnosis of

LVSI in patients who would benefit from full surgical stag-

ing, different algorithms have been proposed.

The use of RI has been applied to the diagnosis of cancer,

and was shown to be useful in differentiating between be-

nign and malignant tumors [19]. The present univariate

analysis showed that intrauterine echo flow RI was associ-

ated with LVSI. Interestingly, the present authors found that

RI was a risk factor for LVSI (p = 0.027). Multivariate lo-

gistics regression analysis showed that RI was independ-

ent of BMI, endometrial thickness, and uterine length.

History of hypertension, endometrial thickness, and length

of intrauterine echo may influence LVSI risk through

changes in RI. None of the previous studies showed a cor-

relation between RI and LVSI. The present authors specu-

late that, in EEC, a higher RI correlates with an increased

risk of LVSI.

In attempts to diagnose LVSI without permanent section

and frozen section analysis, Joel Laufer proposed that

tumor diameter can be used to predict LVSI. However, the

above methods for evaluating LVSI all have notable short-

comings. Permanent section and frozen section analysis

cannot be performed preoperatively, and poor agreement

between permanent and frozen section diagnoses influences

clinicians’ use of these methods. When RI was abnormal, it

was significantly and independently associated with LVSI

in patients with EEC. Given the present results and the dif-

ficulties in diagnosing LVSI intraoperatively, it seems that

preoperative RI measurement could be used to aid intraop-

erative LVSI determination and to guide the selection of an

appropriate surgical strategy.

Importantly, determining RI is limited during routine

Table 2. — Univariate analysis of risk characteristics and LVSI
Characteristics Without LVSI (n=148) With LVSI (n=30) p value

Age, years 53.4 (8.3) 54.1 (8.6) 0.675

BMI (kg/m

2

) 25.3 (2.6) 25.5 (3.8) 0.145

Menopause

Yes 118 (79.7) 22 (73.3) 0.312

No 30 (20.3) 8 (26.7)

FIGO Stage

I 120 (81.0) 5 (16.7) 0.034*

II 26 (17.5) 12 (40)

III 2 (1.5) 13 (43.3)

Grade

G1 67 (45.2) 2 (6.7) 0.019*

G2 64 (43.2) 11 (36.7)

G3 17 (11.6) 17 (56.6)

Myometrial invasion

< 1/2 123 (83.1) 5 (16.7) 0.043*

≥ 1/2 25 (16.9) 25 (83.3)

TVS of uterus (cm)

Length 0.7 (0.56) 0.66 (0.82) 0.235

Width 0.42 (0.31) 0.39 (0.51) 0.285

Endometrial 0.068 (3.2) 0.078 (1.2) 0.171

thickness

Intrauterine echo

Length 1.3 (0.82) 1.5 (0.52) 0.723

Width 1.1 (0.83) 1.4 (0.18) 0.570

RI 0.486 (0.15) 0.681 (0.18) 0.027*

FIGO: Federation International of Gynecology and Obstetrics; LVSI: lympho-

vascular space invasion. *p < 0.05 indicates a significant difference between the

two groups.

Table 3. — Multivariable logistic regression for predicting
LVSI using RI.
Variables OR (95% CI) p value

Hypertension history 1.1 (1.0, 1.1) 0.0091 *

Endometrial thickness 1.51 (0.94, 2.42) 0.0472 *

Length of intrauterine echo 3.07 (1.76, 5.35) 0.0033 *

*p < 0.05.
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clinical use. Indeed, in practice, the performance of the in-

strument used during TVS, tumor location, integrity of the

Doppler blood flow curve, experience of the physician, and

patient cooperation, directly impact the accuracy of RI val-

ues. Yet, in this study, all patients underwent operations per-

formed by gynecologic oncologists and all pathologic

analyses were performed by a single, dedicated gynecologic

oncology pathologist. This minimized the potential biases

associated with the procedure and histological assessment.

This is particularly important when analyzing data on LVSI,

given its inconsistent pathologic identification.

Conclusion

In summary, the present authors found that a higher RI is

significantly associated with LVSI, which is a key predic-

tor of lymph node metastasis. LVSI is difficult to diagnose

preoperatively and the accuracy of diagnosis is restricted

by the tumor diameter. RI should be integrally reported dur-

ing intraoperative assessment and included in the decision-

making algorithm. In clinical preoperative practice, the use

of RI to predict LVSI may influence the decision to per-

form full surgical staging, particularly for early-stage dis-

ease. Additionally, history of hypertension, endometrial

thickness, and length of intrauterine echo should be con-

sidered when evaluating RI for predicting LVSI. The intra-

operative use of RI as a marker for LVSI and its potential

incorporation into the definition of LVSI in EEC should be

further investigated.
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