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INTRODUCTION

Cervical cancer is more invasive than endometrial and
ovarian cancers. Surgery, radiation, chemotherapy and
their combination are its therapies. The characteristics
of its circulation have been histologically proven to
be different from the normal cervical network. In ad-
dition, the parameter of cervical cancer blood circula-
tion can be evaluated by using color Doppler ultra-
sonography and pulsatile Doppler ultrasonography.
The mean of resistance index value has been found
to be significantly different from the mean of pulsatile
index concerning the patient and healthy control.1-4

Ultrasonography is one of imaging techniques used
for evaluating the pathological process of cervical
cancer. The absence of neovascularization and high

pulsatile index indicate no invasive process take place
on such a cancer. When the vascular resistance is low
and the blood circulation is fast, the angiogenesis
process takes place which is one of the characteristics
of invasiveness.2,4-15

DOPPLER ULTRASONOGRAPHY UTERINE
ARTERY VELOCIMETRY

Angiogenesis refers to the production of new blood
vessels in a specific area. It has been indicated that
neoangiogenesis is an incident needed by a cancer to
grow and develop. The process of angiogenesis initia-
tes the degradation of the basalis membrane of the
capillary blood vessel. Through this process, the mi-
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Abstrak
Tujuan: Telah dilakukan penelitian studi potong lintang ter-

hadap 49 kasus kanker serviks yang telah tegak diagnosanya se-
cara histopatologis. Evaluasi awal sudah dilakukan spesialis On-
koginekologi di poliklinik Obstetri dan Ginekologi Onkologi Rumah
Sakit Umum Pusat Sanglah. Setiap kasus dilakukan pemeriksaan ul-
trasonografi Doppler untuk melihat Indeks Pulsatil (IP), Indeks Re-
sistant (IR) dari arteri intratumoral dan diameter massa tumor
kanker serviks yang operable maupun non operable.

Metode: Pemeriksaan ultrasonografi Doppler pembuluh darah
intratumoral dilakukan di poliklinik Obstetri Ginekologi Graha
Amerta RSUP Sanglah dengan alat ultrasonografi merek Medison
tipe Sonoace 8000 live prime. Analisis data dengan uji normalitas
Kolmogorov Smirnov, kemudian dipilih untuk uji statistik Inde-
pendent Samples Test.

Hasil: Rerata usia dan paritas, antara kelompok kanker serviks
operable dengan non operable tidak berbeda secara statistik (p >
0,05). Pada penelitian ini didapatkan rerata IP pada kelompok op-
erable 0,66 ± 0,9 dan kelompok non operable 1,11 ± 0,84 dengan p
= 0,089 (p < 0,05), sedangkan untuk IR pada kelompok operable
0,32 ± 0,36 dan kelompok non operable 0,49 ± 0,28 dengan p =
0,118 (p > 0,05).

Kesimpulan: Tidak ada perbedaan yang bermakna IP dan IR
pada kelompok kanker serviks operable dengan non operable, pada
kecepatan rata-rata (velocity mean) didapatkan perbedaan.
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grating endothelial cell forms sprouts and proliferates
to form new lumen and to further maturate the blood
vessels.1,4,7,12,14

As far as cervical cancer is concerned, angiogene-
sis has been shown to be an independent prognostic
factor and to predict recurrence. The tumoral angio-
genesis is commonly evaluated from Vascular Endo-
thelial Growth Factor (VEGF), by painting immuno-
histochemical. This means that a set of histological
equipment is needed for evaluating. The angiogenesis
evaluation in a vivo manner is made possible by the
ultrasound Doppler, which can be adopted in several
ways:1,13,16-19

Pulsed Doppler
The velocity of the blood circulation and its resis-
tance in particular blood vessels can be evaluated
at a particular time by analyzing what is referred
to as Circulation Velocimetry Waveform, which is
abbreviated to FVW, and by calculating the veloc-
ity of the blood circulation along the heart cycle
which includes the Peak Systolic Velocity, which
is abbreviated to PSV/cm/second, mean of the ve-
locity and diastolic final velocity, and its resistance
to the circulation by calculating a number of velo-
cimetric index such as Resistance Index or Pulsa-
tile Index. The higher the velocity, the lower RI or
PI will be, meaning that the blood circulation will
be getting higher.
Color Doppler
It has the same principles as the pulsatile Doppler
(Doppler frequency shift). It makes possible to
visualize the blood vessel by encoding the colors.
This method is useful for determining the existence
of the blood vessels and for preparing information
on the number of the blood vessels, their distribu-
tion and composition.
Power Doppler
This method is based on the shift of the Doppler
signal amplitude rather than on the shift of fre-
quency. It has more strengths than the color Dop-
pler, making it more proper for evaluating vascu-
larity.

THE ULTRASONOGRAPHY OF COLOR
DOPPLER ON THE CERVICAL CANCER

Evaluating the cancer vascularization non invasively
on the cervical carcinoma is made possible by the
color Doppler ultrasonography or Doppler power ul-
trasonography. Although most of the studies publish-
ed are derived from two groups, they have indicated
that the cancer vascularization, as that evaluated using
this technique, is related to a number of individual
cancer characteristics such as its volume, the involve-
ment of lymph nodes and its staging. So far, there is
no consensus pertaining to which Doppler parameters
or which parameters are better related to the tumoral
characteristics.3,8,9,11-15

The transvaginal ultrasonographic observation tech-
nique on the cervical cancer is that after the vaginal
transducer or probe is softly inserted into the vagina,
the uterus and adnexa regio are scanned. The size of

the cervical cancer is estimated using the electronic
caliper on the screen. After the size of the cervical
cancer is estimated, the color Doppler ultrasonogra-
phy is activated in order to identify the intratumor
blood vessels.3,8,9,11-16

The peripheral blood vessels cannot be guaranted
to be have neovascularizations or the blood vessels
which have been already in existence before. There-
fore, the only central blood vessels, especially those
which are located at least 5 mm from the cancer
boundaries, are evaluated. The number of vasculari-
zations is subjectively stated to be few or not too
many. After one blood vessel is identified, the sample
volume of pulsed Doppler is activated in order to ob-
tain the FVW, the pulsed index, the resistance index
and the maximum velocity of the systolic circulation
for the blood vessels as the branches of uterine ar-
tery.3,4,9,11-16

The ability of the color Doppler ultrasonography
in evaluating the intratumor blood circulation on the
cervical cancer, the velocimetric index and the color
signal are related to a number of prognostic factors
on the cervical cancer. The higher the vascular index
(VI), the higher the cancer vascularization is. In ad-
dition, the stoma is getting more invaded as well. The
vascular index is better related to the density of the
micro intratumor blood vessels as evaluated immuno-
histochemically. In the early stage of the cervical can-
cer, in which the cancer angiogenesis is evaluated by
the three-dimensional power Doppler, it has been
found out that the cancer vascularization is related to
the cancer volume. The vascular circulation, as that
evaluated by velocimetric index (the lowest PI), is
only related to the more than 10 mm invasion to the
stoma.

The relationship between the cancer angiogenesis
and prognostic factors for recurrence on the cervical
cancer is the increased vascularization, and the lowest
PI is related to the response and prognostic of the
cervical cancer.2,4,12

METHOD

The research design adopted in this study is the cross
sectional study. The data used in this study was the
values of the pulsatile index (PI) and resistance index
(RI) of the intratumoral blood vessels which were ob-
tained from those who suffered from the cervical can-
cer whose stadium had already been identified based
on the criteria of Federation Internationale Gynecol-
ogyque d’obstetricque (FIGO) 2000.

Population

The population of this study includes the women who
suffered from the cervical cancer at the Sanglah Ge-
neral Hospital Denpasar and who were treated with-
out being hospitalized at the Obstetrics policlinics
(Poli 108) and hospitalized at IRNA Cempaka Timur,
obstetrics ward starting from June 2009 until all of
the samples were fulfilled.
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Samples of the Study
The samples were those who suffered from the cer-
vical cancer and fulfilled the criteria. The criteria of
being included: The people with cervical cancer, who
were voluntarily prepared to take part in this study.
The criteria of being excluded: Those who suffered
from the cervical cancer with pregnancy, in the pur-
pureal period, and cervical cancer with grade 4 uterine
prolaps.

Size of the Samples
The size of the samples were calculated from the cer-
vical cancer prevalence in Indonesia. This study
adopted a 95% level of confidence interval and a 20%
erroneous prediction was accepted. The total samples
in this study was 49.

Variable and Operating Definition

Variable
Free variable : Cervical cancer
Dependent
variable:

Cervical cancer stadium, Pulsatile In-
dex (PI), Resistance Index (RI), and
the Vascular Index of the cervical
cancer intratumoral blood vessels.

Definition of the Operating Variable
Cervical cancer is an invasive disease of the cervix
which might be derived from epithelial cells, fibru-
blast blood vessels, and lymph both individually and
collectively. As far as the samples in this study are
concerned, the cervical cancer was identified based
on the biopsy result. The cervical cancer staging re-
fers to what is stated in the Federation Internationale
Gynecologyque d’obstetricque (FIGO) 2000.19-27

Doppler ultrasonography refers to the ultrasono-
graphy which adopts the Doppler waves for detecting
the blood circulation which can be measured by Dop-
pler, in which the values of S/D ratio, Pulsatile Index
and Resistance Index are obtained.

Intratumoral blood vessel means the blood vessels
which supply utery cervix and direct downward to the
utery cervix. Doppler ultrasonography is used for exa-
mining the intratumoral blood vessels. The tumoral
central blood vessels examined are the central ones
which are located at least 5 mm from the tumor
boundaries.

Tumor Mass Diameter refers to the measurement
of the outmost upright distance of the cancer in the
two-dimensional figure with an assumption that the
tumoral mass is assumed to look like a ball so that
the mass diameter of the tumor is obtained.

When and Where the Study was Conducted
This study was conducted at the policlinic and the
obstetrics ward at Sanglah General Hospital. The
study was conducted from June 2009 to the time when
the number of samples was fulfilled (January 2010).

Procedure and Mechanism of the Study

Data Collection
The data was obtained from those has cervical cancer
and prepared to take part in this study after explana-
tion was provided and letter of approval was signed.
Their identities, the results of observation and the sta-
dium were recorded in the form prepared for the study
or on the data collection sheet.

The Procedure of How the Samples Were Exa-
mined
Those who suffered from the cervical cancer were di-
agnosed and their stadium were determined by the
obstetricians at the Sanglah General Hospital. The
data and clinic information were not included when
ultrasonographic examination was undertaken. The
objective is to confirm the staging made by the doctor
evaluating the ultrasonography. The ultrasonography
used is Medison type sonoace 8000 live prime with
transducer abdomen (intratumoral blood vessel)
which supplies blood to the cervix.

RESULTS

The Characteristics of the Subjects of the Study
Table 1. The distribution of the subjects of the study based on

age and parity.

Charac-
teristic

Mean Oper-
able (n = 12)

Mean Non Oper-
able (n = 37)

p

Age 44.08 ± 8.25 46.59 ± 11.67 0.494

Parity  2.25 ± 1.42  2.86 ±  1.83 0.293

Table 1 above shows that in the operable group the
age ranges from 33 to 55 with 44.08 ± 8.25 years of
age as the mean and that in the non operable group
the age ranges from 25 to 73 with 46.59 ± 11.67 years
of age as the mean. From the operable group, the par-
ity obtained ranges from 0 to 5 with 2.25 ± 1.42 as
the mean. In the non operable group, the parity ob-
tained ranges from 0 to 7 with 2.86 ± 1.83 as the
mean. Statistically, there is no significant difference
between the operable group and non operable group
with regard to age and parity, with p > 0.05.

The Difference of Pulsatile Index (PI) from Re-
sistance Index (RI)
The data in this study was processed using software
SPPS v 17. Before the data was analyzed, normality
test was undertaken using Kolmogorov-Smirnov.
Then the means variables were compared using Inde-
pendent Samples Test.
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Table 2. The average of Pulsatile Index (PI) and Resistance
Index (RI) of the intratumoral blood vessels of
the operable and non operable cervical cancer.

Cervical
cancer

Mean Oper-
able (n = 12)

Mean Non Oper-
able (n = 37)

p

Pulsatile
Index (PI)

0.66 ± 0.9 1.11 ± 0.84 0.118

Resistance
Index (RI)

0.32 ± 0.36 0.49 ± 0.28 0.089

Statistically, there is no significant difference be-
tween the operable group and non operable one, with
the p value is 0.118 (p > 0.05). As far as the Resis-
tance Index (RI) is concerned, statistically there is no
significant difference, the p value is 0.089 (p > 0.05).

The other Results of the Ultrasonographic Dop-
pler Examination

In this study, in the transabdominal ultrasonographic
Doppler examination the tumoral mass diameter was
also evaluated before identifying the intratumoral

blood vessels. When measuring the pulsatile index
and resistance index, the software of the Ultrasonog-
raphy sonoace 8000 live prime also automatically
evaluated the Peak Sistolic Velocity (PSV), End Dia-
stolic Velocity (EDV), Velocity Mean, Gradient Mean
and Gradient Peak of the cervical cancer intratumoral
blood vessels.

Table 3. The results of the tumoral diameter and the character-
istics of ultrasonograhic Doppler.

Characteristics of
Ultrasonograhic

Doppler

Mean Operable
(n = 12)

Mean Non
Operable
(n = 37) p

S/D ratio  2.43 ±  4.47  3.10 ±  2.51 0.069
Tumor diameter (cm)  2.71 ±  1.83  4.03 ±  2.05 0.053
PSV (cm/second) 14.29 ± 17.85 23.72 ± 14.16 0.067
EDV (cm/second)  4,16 ±  5.17  7.51 ±  5.06 0.054
V mean (cm/second)  7.34 ±  8.24 12.77 ±  7.52 0.039
G mean (mmHg)  0.06 ±  0.08  0.09 ±  0.08 0.173
G Peak (mmHg)  0.19 ±  0.32  0.30 ±  0.26 0.263

Figure 1. The Doppler appears in the operable cervical cancer
intratumoral vessels which are slightly seen.

Figure 2. The Doppler appears in the non operable cervical can-
cer intratumoral vessels which are excessively seen.

Figure 3. It can be seen from the figure above that after the
tumoral mass was identified with transabdominal transducer,
evaluation was conducted using the Doppler in order to identify
the intratumoral blood vessels before the characteristics of the
Doppler, S/D ratio, PI and RI were measured.

Figure 4. The figure above shows that after the tumoral mass
was identified with transabdominal transducer, the tumoral mass
diameter was measured.
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When the S/D ratio of the operable and non oper-
able groups were tested, no significant difference
were discovered, the p value was 0.069 (p > 0.05).
Statistically, as far as the tumoral mass diameter is
concerned, no significant difference was found out;
the p value was 0.053 (p > 0.05). There was no sig-
nificant difference in the Peak Sistolic Velocity (PSV);
the p value was 0.067 (p > 0.05). Similarly, no sig-
nificant difference was found in End Diastolic Veloc-
ity (EDV); the p value was 0.054 (p > 0.05).

DISCUSSION

Not many researchers have investigated whether the
characteristics of the intratumoral blood vessels of the
operable cervical cancer are different from those of
the non operable one. However, some stated that they
are not different and others stated that they are dif-
ferent.

The Characteristics of the Subjects under Study
As far as the samples of the operable cervical cancer
are concerned, the age was found out to be 44.08 ±
8.25 and as far as the samples of the non operable
cervical cancer are concerned, the age was found out
to be 46.59 ± 11.67. In some references the cervical
cancer is stated to average 47 years of age. Further-
more, it is also stated that there are two bimodals of
the range in which the cervical cancer takes place;
one ranges from 35 to 39 years of age and the other
ranges from 60 to 64 years of age. As far as the sam-
ples of this study are concerned, the age of the oper-
able and non operable groups was found out to aver-
age 45.98 ± 10.90. The average age of the samples
of this study is not much different from that of the
samples stated in the literature.

The parity of the operable group was found out to
be 2.25 ± 1.42 and that of the non operable group
was found out to be 2.86 ± 1.83. While in some ref-
erences it is stated that the occurrence of the cervical
cancer is related to the number of parities. In this
study, the operable group was found out not to differ
from the non operable group with regard to the num-
ber of parities (p < 0.05).

This study revealed that the operable group was
significantly different from the non operable regard-
ing the age and parity. Therefore, it can be inferred
that in this study the characteristics of the operable
group and the non operable one are similar with re-
gard to age and parity.

The Differences of the Pulsatile Index (PI) from
the Resistance Index (RI)
When the ultrasonographic Doppler was conducted
the tumoral mass of three samples from the operable
group and five samples from the non operable one
was not found out. As a result, the intratumoral blood
vessels could not be measured. The same condition
was also reported in the studies previously conducted,
in which it was stated that the tumoral mass could
not be found out in every cervical cancer. Therefore,
the characteristics of the intratumoral blood vessels

could not be evaluated; however, cervical ramus uter-
ine artery of the blood vessels could be evaluated.

The three samples out of the five from the non
operable group, whose tumoral mass could not be
found out was treated with a four-series chemothe-
rapy; one was treated with a combined chemotherapy
referred to as BOMP (Bleocyn, Oncovin, Mitocyn,
Paclitaxel) and two were treated with a combined che-
motherapy of Paclitaxel-Cisplatin. This condition might
be a good chemotherapy response but could not be
inferred as such as the Doppler characteristics of the
intratumoral blood vessels had not been evaluated be-
fore chemotherapy was conducted.

In this study the pulsatile index (PI) for the oper-
able group was 0.66 ± 0.9 and the non operable group
was 1.11 ± 0.84. Statistically, no significant difference
in pulsatile index with p < 0.05. (Table 2)

In some references it is stated that PI < 0.82 means
the cut off point of the cervical cancer which has bad
prognosis, meaning that the response to chemotherapy
is insufficient and that the tumoral neovascularization
is invasive. In another study it is stated that PI > 0.45
serves as the predictor that the treatment of the cer-
vical cancer with chemotherapy is successful.1,4,13

Statistically, this study did not show a significant
difference between the PI of the operable group and
that of the non operable one; however, if the average
of the non operable group is compared to that of the
operable one, a great difference was shown, the av-
erage PI for the operable group and non operable
group were 0.66 and 1.11 respectively. In some ref-
erences it is stated that if the PI < 0.82 has bad prog-
nosis, then this theory is in line with the study con-
ducted, in which while the mean for the non operable
group was 0.66 (PI < 0.82), the mean for the operable
group was 1.11 (PI > 0.82).

In this study the resistance index (RI) for the op-
erable group was 0.32 ± 0.36 and that for the non
operable group was 0.49 ± 0.28. When the Pulsatile
Index was statistically tested, it was found out that there
was no significant difference; p > 0.05. (Table 2)

Some references stated that there is no significant
difference with regard to the characteristics the RI of
the intratumoral blood vessels between the early stage
and the late stage of the cervical cancer. In one study,
the average RI of the intratumoral blood vessels of
the cervical cancer was found out to be 0.54 ± 0.13
and the average RI of the healthy cervix was 0.93 ±
0.09. Another study found that the cut off point of
the RI was 0.573. The mean of both the operable
group and non operable one was discovered to be 0.45
± 0.31. In this study, the operable group did not differ
from the non operable one in terms of the RI value.
However, compared to the previous study the RI of
the intratumoral blood vessels of the cervical cancer
was < 0.54, meaning what was discovered in this
study, in which the average RI of the operable group
was 0.32 and that in the non operable one was 0.9,
was supported.

The Doppler Characteristics of the Intratumoral
Blood Vessels of the Cervical Cancer

When the pulsatile index and resistance index were
measured, the software of the ultrasonography sono-
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ace 8000 live prime also automatically evaluated the
Peak Sistolic Velosity (PSV), End Diastolic Velocity
(EDV), Velocity Mean (VM), Gradient Mean (GM)
and Gradient Peak (GP) of the intratumoral blood ves-
sels of the cervical cancer.

For the operable group the S/D ratio 2.43 ± 4.47
and for the non operable group 3.10 ± 2.51. When
the S/D ratio of both the operable and non operable
groups were examined, no significant difference was
discovered; the p value was 0.087 (p < 0.05).

For the operable group, the tumoral mass diameter
was 2.71 ± 1.83 and for the non operable one was
4.03 ± 2.05. When the tumoral mass diameter was
examined, no significant difference was found out; the
p value was 0.053 (p < 0.05). In another study it was
stated that if the tumoral mass diameter was > 1.75
cm, then the cervical cancer would spread to the para-
metrial area. The tumoral mass diameter which is
more than 4 cm is directly related to the increase in
the intratumoral blood pressure, in which the PI and
RI are found out to be low.

The Peak Sistolic Velocity (PSV) or the Maximum
Systolic Circulation Velocity of the operable group
was 14.29 ± 17.85 and that of the non operable one
was 23.72 ± 14.16. When the PSV diameter was ex-
amined, it was found out that the operable group did
not significantly differ from the non operable one, in
which the p value was 0.067 (p < 0.05). While in
another study the PSV of the cervical cancer sufferers
were obtained to be 12.62 ± 0.61, in this study the
PSV of all the samples were found out to be 21.40 ±
15.05.

The End Diastolic Velocity (EDV) of the operable
group was 4.16 ± 5.17 and that of the non operable
one was 7.51 ± 5.06. When the EDV was statistically
examined, the two groups were found out not to be
significantly different; the p value was 0.054 (p <
0.05). The average EDV of the operable group ap-
peared to be bigger, indicating that the blood vessel
circulation of the non operable group was bigger.

The velocity mean of the operable group was 7.34
± 8.24 and that of the non operable one was 12.77 ±
7.52. When the VM of the two groups was statisti-
cally examined, significant difference was observed;
the p value was 0.039 (p < 0.05). The VM mean of
the operable group showed higher speed, indicating
that the non operable group had a bigger blood vessel
circulation.

 The gradient mean (GM) of the operable group
was 0.06 ± 0.08 and that of the non operable one was
0.09 ± 0.08. When the GM of the two group were
statistically examined, no significant difference was
found; the p value was 0.173 (p < 0.05). The GM of
the operable group shows lower gradient.

The gradient peak of the operable group was 0.19
± 0.032 and that of the non operable group was 0.30
± 0.26. When the GP was statistically examined, both
group showed no significant difference; the p value
was 0.263 (p < 0.05). The GP mean shows that the
operable group had lower gradient.

Weaknesses of the Study

One of the weaknesses of the study is that it has
adopted the cross sectional method; as a result, the

characteristics of the blood vessels of the cervical
cancer sufferers already treated cannot be compared
to the characteristics of their blood vessels after being
treated. In addition, the samples in this cross sectional
study that had been treated were not differentiated
from those who had not been treated. In this study,
the cervical cancer stadium was only clinically eva-
luated. In addition, the evaluation was done without
any narcosis and was not followed by any other sup-
porting evaluation.

CONCLUSION

This study does not show any differences in charac-
teristics between the Pulsatile Index (PI) and Resis-
tance Index (RI) as far as the intratumoral blood ves-
sels of both the operable and non operable groups of
the cervical cancer sufferers are concerned. No dif-
ference is shown by the operable and non operable
groups with regard to the other Doppler parameter
such as S/D ratio, tumoral mass diameter, PSV, EDV,
GP. However, they are different with regard to VM.

SUGGESTIONS

From the literature, this is the first study that com-
pares the Doppler characteristics of the intratumoral
blood vessels of the cervical cancer with the transab-
dominal probe. This study also firstly compares the
group with operable cervical cancer to that with non
operable one. This means that this study prepares the
initial data of the Doppler characteristics of the blood
vessels of those who suffer from both the operable
and non operable cervical cancer employing the
transabdominal probe. Financially, it is not too expen-
sive, and clinically, it is highly beneficial to use the
transabdominal Doppler ultrasonography for evaluat-
ing cervical cancer.

The Doppler ultrasonography can be applied to
copy with the cervical cancer which is already clini-
cally identified. Hence, it should be so continuously
used to identify the characteristics of the intratumoral
blood vessel of the cervical cancer so that proper data
can be obtained to be used for clinical application.
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