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Introduction

Radiation therapy (RT) is one of the most effective treatment 
modalities for a wide range of malignancies, about 70% of 
cancer patients are treated with RT during the disease course. 
Stereotactic body radiotherapy (SBRT) yields excellent 
control rates for many types of solid malignancies, especially 
in oligometastatic and metastatic tumors (1,2). High dose 
rate brachytherapy (HDR-BR); with the advantage of precise 
positioning of the source, infinitely variable dwell times/
positions, and shorter treatment time, is widely used to treat 
gynecological malignancies (3-5). HDR-BR serves to boost the 
gross tumor and has been confirmed to improve tumor control 
and survival rates (6,7). However, extreme caution should be 

taken not to over-irradiate the adjacent organs at risk (OARs) 
because of high fractionation size in SBRT and HDR-BT.

The rectum is one of the important OARs, which should 
be strictly protected during pelvic radiotherapy. Radiation-
induced rectal toxicities such as inflammation, bleeding, 
and even rectovaginal fistula formation, will impair the 
patient’s quality of life and impact the course of treatment. 
Furthermore, the variable gas filling in the rectum adds 
difficulty to the radiotherapy treatment planning. Related 
studies (8) have shown that in as many as 35% of cases, gas 
accumulation occurs for the entire course of RT. Several 
methods have been proposed to reduce rectal dose rates 
clinically, such as use of a radioprotective spacer to shift 
the rectum away from the lesion or an endorectal balloon 
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to reduce the internal target volume (ITV) (9-11). Because 
currently in China both of the above techniques are widely 
unavailable, we alternatively hypothesized that removal of 
the rectal gas can achieve the similar effect by reducing the 
rectal volume and ITV. This is because the distance of the 
rectum to lesions can be increased with decreasing rectal 
volumes, which also makes it easy for the physicists to avoid 
the rectum during field arrangement. Besides, a reduced 
ITV can be obtained due to constancy in the rectal volume, 
as with use of an endorectal balloon. 

We present the following article in accordance with the 
Case Series reporting checklist (available at http://dx.doi.
org/10.21037/apm-20-1063).

Methods

Three cases of patients with pelvic malignancies receiving 
SBRT or HDR-BT were retrospectively analyzed in 
single center. Our institution is a comprehensive hospital 
integrating teaching, scientific research and clinical 
practice. The case report is presented following the 
CARE Guidelines (12). All patients underwent simulation 
computed tomography (sim-CT) scans with proper bladder 
and bowel preparations prior to either SBRT or HDR-BT. 
After the first acquisition of CT images, excessive gas in 
the rectum was confirmed and subsequently extracted by 
inserting a catheter into the rectum. Then, a second sim-
CT was taken, and together with the first one transported 
to the radiotherapy treatment planning system (TPS). Both 
SBRT and HDR-BT plans were made based on the two 
sim-CTs, and compared using dose-volume histograms 
(DVH). The patients had no discomfort after a catheter in 
section. We further present the clinical factors, treatments, 
ages, and stages of the patients in Table 1.

All procedures performed in studies involving human 
participants were in accordance with the ethical standards of 
the institutional and/or national research committee(s) and 
with the Helsinki Declaration (as revised in 2013). Written 
informed consent was obtained from the patient.

Case 1

A 61-year-old man with prostate cancer had received 
pelvic radiation for five years after surgery. At the time 
of admission, the patient had multiple bone metastases 
with continuous endocrine therapy and was diagnosed 
as stage IV. Before admission, the patient was found to 
have pain in their left lower limb and left hip. A pelvic 
magnetic resonance imaging (MRI) scan revealed a soft-
tissue mass near the left piriformis muscle. A positron 
emission computed tomography (PET-CT) scan suggested 
there to be a high metabolism rate; therefore, a new 
local metastasis was considered. The use of a local lesion 
SBRT for palliative and analgesic treatment was planned, 
and the prescribed dose was 2,400 cGY/3F, 800 cGY/f,  
5F/W. The sim-CT (Figure 1) scan found the rectum to be 
significantly inflated after the patient’s stool was drained. The 
closest point of the rectal mucosa to the tumor target was 
0.1 cm, as shown by the yellow arrow in Figure 1A. After a 
single prescription dose of 800 cGY was given to the target 
planning target volume (PTV), the dose D2 cm3 of rectal 
was as high as 662 cGY. Considering that the patient had 
a history of pelvic radiotherapy, the rectal reaction of the 
patient was severe after direct treatment was administered; 
therefore, the rectal dose needed to be urgently reduced. 
During SBRT treatment, catheters were inserted into the 
rectum after defecation, and the excess gas in the rectum 
was extracted using a 50 mL syringe after each treatment. 
The radiotherapy plan was reformulated to treat the patient 
according to the real-time rectal volume. Table 2 shows the 
data diagram of the rectal irradiation doses after rectal gas 
was extracted during the first three SBRT treatments. The 
pictures of the first three SBRT treatments are shown in 
Figure 1B,C,D. Next, we calculated the distance between the 
rectal mucosa and the target volume after the rectal gas was 
extracted. We then compared the results with the sim-CT 
(Figure 1A), which was widened to 2.04, 2.0, and 2.14 cm 
(as shown by the yellow arrow Figure 1B,C,D). The patient’s 
rectal D2 cm3 dose was reduced to 385 cGY (Figure 1B),  

Table 1 Patient characteristics 

Case Disease Stage Age Gender Radiotherapy method

1 Prostate cancer Metastatic (IV) 61 Male SBRT

2 Endometrial cancer Early (IA) 60 Female HDR-BR

3 Cervical cancer Locally advanced (IIB) 53 Female HDR-BR

HDR-BR, high dose rate brachytherapy; SBRT, stereotactic body radiotherapy.
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Figure 1 Changes of rectal volume and distance between rectum and tumor target area before and after extraction of gas by catheter in 
different SBRT groups. (A) shows the relationship between the rectum and the target area during the CT positioning, which is the initial 
image with no catheter insertion. The yellow arrow indicates a gap of 0.1 cm. (B,C,D) The SBRT images obtained three times after rectal 
gas was extracted. The yellow arrow represents the widened distance. (E) The relationship between the four images of the rectum and the 
target area after fusing the images. (F) The image of the rectum’s sagittal plane after the insertion of the catheter. The blue arrow shows the 
catheter. SBRT, stereotactic body radiotherapy.

Table 2 The rectal dose values and decline rates were compared between the initial CT scan and then after the gas extraction from the rectum 

Rectum
Before the 
catheter  
(D2 cm2)

After the 
catheter 
(D2 cm2)

D2 cm3 
reduction, %

Before the 
catheter  

(D0.1 cm2)

After the 
catheter  

(D0.1 cm2)

D0.1 cm3 
reduction, %

Extracted gas  
volume, mL

Rectum 1  
(Case 1 + SBRT1)

662 cGY 385 cGY 43 833 cGY 403 cGY 51.6 25

Rectum 2  
(Case 1 + SBRT2)

662 cGY 408 cGY 39 833 cGY 423 cGY 49.2 20

Rectum 3  
(Case 1 + SBRT3)

662 cGY 578 cGY 14 833 cGY 673 cGY 19.2 15

Rectum (Case 2) 448 cGY 393 cGY 12.3 625 cGY 540 cGY 13.6 50

Rectum (Case 3) 458 cGY 365 cGY 20.3 633 cGY 539 cGY 14.8 45

The last column is the amount of gas extracted. SBRT, stereotactic body radiotherapy.

408 cGY (Figure 1C), and 578 cGY (Figure 1D) (Table 2). 
Rectal D0.1 cm3 dose was reduced to 403 cGY (Figure 1B),  
423 cGY (Figure 1C), and 673 cGY (Figure 1D). The 
DVH of the rectal irradiation dose is shown in Figure 2. 
Compared with the sim-CT image without the catheter 
(Figure 1A), the patient’s rectal D2 cm3 dose reduction was 
43%, 39%, and 14%, respectively. The rectal D0.1 cm3 
dose reduction was 51.6%, 49.2%, and 19.2%, respectively 
(Table 2).

Case 2

The patient, female, 60 years old, was diagnosed with 
poorly differentiated endometrioid adenocarcinoma. The 
postoperative pathological stage was IA. The patient had 
several high-risk factors after surgery, prompting an HDR-
BT of the vaginal stump. For postoperative high-dose-
rate vaginal brachytherapy, we preferred regimens include 
5.5GY*4 fractions prescribed to 5 mm below the vaginal 
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surface in our department (NCCN 2020). The rectum 
dosage was evaluated at D2 cm3 and D0.1 cm3. The patient 
had excessive gas before the insertion of the catheter  
(Figure 3A). 50 mL of gas was extracted by inserting the 
catheter, as shown by the blue arrow in Figure 3B. The 
prescription dose in the target volume remained unchanged, 
and the rectal doses required in Figure 3A,B were calculated. 
D2 cm3 was 448 cGY and 393 cGY, and D0.1 cm3 was  
625 cGY and 540 cGY, respectively. The dosimetry of 
D2 cm3 and D0.1 cm3 decreased by 12.3% and 13.6%, 
respectively, after the catheter was inserted (Table 2).

Case 3

The patient, a 53-year-old female, was admitted to the 
radiotherapy department after being diagnosed with cervix 

middle differentiated squamous cell carcinoma (stage IIB). 
The patient was treated with external irradiation plus three-
dimensional brachytherapy. HRCTV D90 600 cGY was 
given as a single prescription dose for BR treatment. The 
individual was treated with CT-guided three-dimensional 
brachytherapy, and the rectum dose was evaluated with  
D2 cm3 and D0.1 cm3. The CT scan of the patient revealed 
a slight increase in rectal gas, as shown in Figure 4A. A 
catheter was inserted, and 45 mL of gas was extracted with 
a syringe. The CT image was then rescanned (Figure 4B). 
The prescribed dose of HRCTV D90 600 cGY was given, 
the dose of rectal irradiation was D2 cm3 was 458 cGY 
and 365 cGY, respectively. Simultaneously, D0.1 cm3 was  
633 cGY and 539 cGY, respectively. The dosimetry of 
D2 cm3 and D0.1 cm3 decreased by 20.3% and 14.8%, 
respectively, after the catheter was inserted (Table 2).
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Figure 2 DVH of rectal irradiation dose in four SBRT radiotherapy plans. DVH, dose-volume histogram; SBRT, stereotactic body 
radiotherapy.

Figure 3 Rectal volume before and after insertion of a catheter. (A) The relationship between the significantly expanded rectum and the 
target volume, before the insertion of the catheter. (B) The relationship between the rectum and the target volume after the extraction of  
50 mL gas. The blue arrow represents the catheter.
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Discussion

Although patients were recommended not to eat less gas-
producing food during treatment, we still find that many 
patients can accumulate large quantities of gas in the 
rectum and even the whole intestine before and during 
radiotherapy. These accumulations happen because the 
origins of gas are poorly understood.

In the first case (prostate cancer patient), we found 
that the rectal lumen still expanded significantly after the 
patient emptied his stool. There was no space between 
the intestinal wall and the target volume. After the 
prescribed dose was given, the volume dose of rectal  
D2 cm3 was as high as 662 cGY. The patient had undergone 
pelvic radiotherapy in the past, so it was urgent to reduce 
the doses of rectal irradiation. During the three SBRT 
treatments, gas extraction ranged from 10 to 20 mL each 
time. The rectum D2 cm3 volume was significantly reduced 
by 43%, and the distance between the rectum and the 
target area was widened sharply. The maximum distance 
between the rectum and the target area was widened by 
about 2.14 cm. This method dramatically reduces radiation 
exposure and doses to the rectum while being very safe and 
straightforward.

In SBRT of tumors near the rectum, sparing of the 
rectal wall is a prerequisite for the safe delivery of doses 
beyond 78 Gy, as it is an organ at risk (9). However, 
rectal doses exceeding 70 Gy are predictors of rectal 
toxicity (10); therefore, it is very important to reduce 
the rectal radiation doses required. There are many 
clinical methods for reducing rectal doses, and each has 
its advantages and disadvantages. Spatial sparing of the 
rectum can be achieved by introducing a spacer material 
into the rectoprostatic space, thus separating the anterior 

rectal wall from the PTV (13-15). However, hyaluronate 
gel injection requires local anesthesia and intravenous 
sedoanalgesia, which is time-consuming and traumatic 
for the patients. Also, since tissues may become fibrotic 
after RT, it seems unreasonable that HGI would be 
meaningful and feasible in the reirradiation setting. HGI 
works by widening the distance between the rectum and 
the vagina or prostate to lower the rectal doses, but it 
does not address the problem of rectal volume caused by 
rectal inflation. If the patient has no previous history of 
pelvic radiotherapy, rectal aspiration plus hyaluronate gel 
injection may be the best option.

Among the two patients with gynecological diseases treated 
with HDR-BR, the second case had rectal flatulence. The 
transverse diameter of the intestinal cavity was larger than  
5 cm, which could not be alleviated by an oral laxative. After 
performing rectum aspiration on the patient, the patient 
was repositioned with CT, and the radiotherapy plan was 
customized to ensure that the patient received the highest 
prescribed dose with the lowest possible organ toxicity. The 
patient’s rectal dose dropped by up to 20% using this method. 
Based on a conclusion drawn from these three patients, we 
believe that there is a positive correlation between the decrease 
in rectal dose and the amount of aspiration. However, the 
specific scope and degree still need to be verified with a larger 
number of patients. This part of the work is being collected 
and conducted clinically by our unit.

An intravaginal balloon catheter (16) was developed 
in 2004, which has decreased high-dose-rate-induced 
organ toxicity in the bladder and rectum. Nevertheless, 
in a randomized study of patients with cervical carcinoma 
treated with HDR-BT (17), one patient was reported to 
have a minor vaginal tear as a result of overinflation of the 

Figure 4 Rectal volume before and after insertion of a catheter. (A) The rectal volume before the insertion of the catheter. The rectum is 
filled with gas. (B) An image of 45 mL of gas extracted after the insertion of the catheter. The blue arrow represents the catheter.
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bladder-rectum spacer balloon. Furthermore, there are 
some other clinical methods, such as the use of volumetric 
modulated arc therapy (VMAT), to reduce rectal dose in 
radiotherapy for prostate cancer (18). However, the use of 
this method in reducing the dose is limited.

Conclusions

Our rectal gas extraction technique is feasible in reducing 
rectal toxicities during pelvic SBRT and HDR-BT.
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