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SUMMARY – Our aim in this study was to demonstrate the usefulness of endoscopic rectal ultra-
sound scan (ERUS) in providing information that can help surgeons decide on therapeutic approach 
and type of surgical procedure in patients with rectal cancer. We compared ERUS findings with postop-
erative pathological data in 41 patients with endoscopic and pathological (PH) diagnosis of rectal cancer. 
These patients underwent ERUS examination to determine the extent of the disease and the findings 
were subsequently compared with postoperative pathological diagnosis. After ERUS examination, there 
were three patients in group T0, five in group T1, 12 in group T2, 17 in group T3, two in group T4, and 
two patients had a mucinous metastatic type of cancer. After excluding 15 patients who met the exclu-
sion criteria, we compared ERUS findings of 26 patients with their pathological diagnosis to determine 
the sensitivity and accuracy of ERUS. The total sensitivity of the ERUS in preoperative staging of the 
tumor stage T0-T4 was 96%. Accuracy was 89%. This study showed that a surgeon can rely on the find-
ings of ERUS performed by an experienced endoscopist before deciding of type of surgical procedure for 
T0-T2, and even T3 degree of rectal cancer. T3 rectal cancers are in the “gray zone”, so both procedures, 
ERUS and nuclear magnetic resonance imaging (NMR), are needed to decide on the final therapeutic 
approach. NMR remains the gold standard for staging T4 rectal cancer.
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Introduction

The incidence of colorectal cancer is around 40-
44/100,000 (55.5/100,000 in the Republic of Croatia) 
per year in both sexes. In the period of 2017-2019, 
approximately 23,720 new cases of rectal cancer were 
diagnosed in men (23%) and 16,190 in women (16%) 
in the United States (1). Mortality from rectal cancer 
is around 14.8 per 100,000 inhabitants, whereas the 
5-year survival is 64.9% (2).

In Croatia in 2015, the incidence of rectal, re-
ctosigmoid, and anal cancers was 7% in men and 5% 
in women (3). The total number of newly diagnosed 
patients with invasive cancers (all sites, excluding skin 
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cancer) was 22,503 (11,969 in men and 10,534 in wo-
men). The incidence rate was 535,3/100,000 in men 
and 484,3/100,000 in women, with the men-to-wo-
men ratio of 53:47. The colon, rectum, and anus have 
a common incidence of 16% in men and 13% in wo-
men. In Croatia, 14,012 people (8030 men and 5982 
women) died of cancer in 2015 despite the national 
early cancer detection program. Mortality rates were 
333,3/100,000 (men) and 278,0/100,000 (women), 
with the men-to-women ratio of 57:43 (3).

The incidence of colorectal cancer is higher in 
affluent, western countries due to the lifestyle and 
influence of environmental factors, which can be pre-
vented (4). Anal cancer is closely related to the sexually 
transmitted infection of human papillomavirus type 16 
and 18 (HPV). Most cases of anal cancer develop in 
people aged over 55, and one-third develops in youn-
ger people. Pelizzer T et al. (5) performed a systematic 
review with meta-analysis to assess the association 
between HPV infection and rectal cancer and confir-
med that the two were connected, with no difference 
between the sexes and with similar values for HPV 
16 and HPV 18. Preoperative workup in rectal cancer 
includes nuclear magnetic resonance (NMR) imaging 
of the pelvic region, especially in T3 and T4 stages of 
the disease, and endorectal ultrasound (ERUS) scan 
proved equally accurate in T1 and T2 stages (6). The 
presence of a stenotic tumor was the only parameter 
significantly related to a poorer performance of ERUS 
in N staging.

Endoscopic ultrasound (EUS) is now well establi-
shed as an important tool in clinical practice. From 
purely diagnostic imaging, it has progressed to inc-
lude tissue acquisition which provided the basis for 
therapeutic procedures. Even as interventional EUS 
developed, there has been ongoing progress in EUS 
diagnostic capabilities due to improved imaging 
systems, better needles for tissue acquisition and 
development of enhanced imaging functions such as 
contrast-enhanced harmonic EUS (CH-EUS) and 
EUS elastography. EUS can be performed using either 
radial or linear echo-endoscopes. The former provides 
imaging with a 360° view like computed tomograp-
hy (CT), while the latter provides a narrower sector 
longitudinal imaging, which is important for real-time 
tracking of a puncture needle crucial for EUS-guided 
interventions (7).

Stephen Hasak et al. (8) concluded that ERUS 
continues to be an important modality for evaluation of 
benign and malignant disorders of the lower gastrointe-
stinal tract, although its use as a cancer staging modality 
has declined due to improvements in MRI technology. 
Various technologies to enhance ultrasound imaging 
and for therapeutics have been developed that have or 
may contribute to expanded indications for rectal EUS.

Patients and methods

In Croatia, endoscopic ultrasound (EUS) is perfor-
med in five University Hospital Centers and our hos-
pital, General Hospital Zadar. About 170,000 people 
gravitate to General Hospital Zadar.

In the period from June 2013 to March 2018, aro-
und 1000 EUS examinations were performed at our 
hospital, including 41 ERUS examinations in patients 
with rectal carcinoma. 

In our study, we included patients who met the inc-
lusion criteria as follows: aged 18 years and older, have 
proven rectal adenocarcinoma (colonoscopy and pat-
hological findings), have not undergone previous sur-
gery and/or preoperative radiation and chemotherapy, 
and were planned to undergo surgery at our hospital. 
We excluded patients who met the exclusion criteria, 
i.e., who were under the age of 18, who underwent 
radiation and/or chemotherapy prior to surgery, who 
were undergoing surgery at an external institution, and 
who had a tumor other than adenocarcinoma.

Of 41 eligible patients with rectal cancer confir-
med by colonoscopy and pathology. After ERUS exa-
mination, three of 41 patients were in group T0, five in 
group T1, 12 in group T2, 17 in group T3, two in gro-
up T4, and two patients had mucinous metastatic type 
of cancer. We excluded 8 patients who were operated 
on in other institutions because we could not obtain 
the pathologist’s findings after surgery, 5 patients who 
underwent preoperative radiation and chemotherapy 
because the PH finding is different than PH before 
radiation and chemotherapy so comparison between 
the second PH and first ERUS is not adequate, and 2 
patients with metastatic mucinous cancer. Thus, only 
26 patients were analyzed.

The median age of these 26 patients was 63.5 years 
(range: 40-83 years). There were 16 men and 10 women. 
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These patients underwent preoperative ERUS staging 
using PENTAX linear probe. After the therapy pro-
tocol (surgery, chemotherapy, irradiation), their ERUS 
findings were compared with their pathological dia-
gnosis to determine the ERUS sensitivity and accuracy.

Statistical analysis
To analyze the data, we used Wilcoxon signed-rank 

test, contingency test, Kendall’s tau correlation coeffi-
cient, and negative predictive value.

Results

The ERUS sensitivity was defined as the ability of 
the test to identify correctly patients with the disease. 
ERUS and PH findings matched in 96% of all cases 
that we examined. ERUS sensitivity was thus 96%.

Table 1. Sensitivity of endoscopic rectal ultrasound (ERUS)

Test 2 (PH)
Ill

(T=1,2,3,4)
Healthy
(T=0) total

Test 1
(ERUS)

Positive 23 3 26
Negative 1 2 3
total 24 5

Positive = tumor stages T1-T4; Negative = tumor in situ;  
PH = pathological diagnosis 
Sensitivity = 23/(23+1) = 23/24 = 0.958.

Accuracy of the test was defined as the number of 
correctly diagnosed patients among the total number of 
patients. Thus, the ERUS accuracy was = 23/26 = 0.884.

Table 2. Contingency test for spread of the tumor to the 
lymph nodes

Test 2 (PH)

Test 1 
(ERUS)

Positive Negative total
Positive 3 6 9
Negative 0 14 14
total 3 20

ERUS = endoscopic rectal ultrasound; PH = pathological 
diagnosis; Sensitivity = 3/(3+0)=3/3 =1.

Using Wilcoxon signed-rank test (two-tailed), we 
found that tumor size measured during ERUS and on 
pathological examination were not significantly diffe-
rent (z = 0.707).

The correlation between ERUS findings and 
pathological examination results was examined with 
Kendall’s tau correlation coefficient (used when there 
is a large number of bound ranks). The result was 0.82 
(p<0.01).

Discussion

We demonstrated, albeit on a small sample of pa-
tients, that ERUS in the hands of an experienced en-
doscopist can be used to determine the size of tumor 
and degree of its penetration through the bowel wall 
with great certainty regarding the accuracy of the fin-
ding. This provides strong confidence when discussing 
local disease spread with surgeons and helps them 
determine the appropriate type of surgery. The final 
result is extremely important for therapeutic approach 
(Fig. 1).

Fig. 1. Endoscopic rectal ultrasound (ERUS) findings in 
64-year-old woman: tumor penetrates through all rectal 
wall layers and into the perirectal fatty tissue (T3N0). 
Postoperative pathological diagnosis confirmed the 
penetration into all layers and subserosa (pT3N0M0).
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Accurate staging of rectal cancer is essential for se-
lecting patients who can undergo sphincter-preserving 
surgery, and ERUS provides many advantages in that 
respect. In addition, it is non-invasive and reproducible, 
the procedure itself does not last long, and the patient 
preparation is not demanding. Therefore, ERUS has 
become an important part of the diagnostic algorithm 
for rectal cancer and the standard of care as it allows 
for identification of patients who require preoperative 
neoadjuvant therapy (9).

ERUS has limitations, which need to be conside-
red. It cannot estimate vascular invasion (mucinous 
tumors) (Fig. 2), differentiate benign lesion from ma-
lignant one without using elastography or CETRUS 
(contrast-enhanced transrectal ultrasound), distingui-
sh hypoechoic inflammatory response of the surroun-
ding tissue from the extension of the primary process, 
and estimate tumor microinvasion into the next layer.

However, ERUS is the best method for local 
T1-T2 staging of rectal cancer. It seems to improve 
disease-free survival because ERUS facilitates the 
appropriate selection of patients for neoadjuvant the-
rapy. The use of ERUS has also increased the number of 
sphincter-preserving surgeries performed in patients 

with rectal cancer. In comparison with MRI, Haddad 
et al (10) find NMR better for locally advanced tumors 
(T3/T4). Rectal cancer staging with ERUS or NMR 
is not accurate in patients who have received neoadju-
vant therapy. NMR is the most useful staging tool for 
determining the status of the circumferential resection 
margin, which is important in the assessment of the 
risk of local recurrence. Cost-benefit analysis shows 
significant savings in performing ERUS compared to 
NMR, which is extremely expensive, time-consuming, 
unsuitable for patients with metal implants, and often 
has long waiting times. 

This study showed that ERUS of the rectal region 
may be considered equally valuable as NMR in the 
interpretation of the disease propagation.

Conclusion

In our study, we demonstrated that ERUS has high 
sensitivity in estimating the tumor penetration throu-
gh the rectal wall and perirectal tissues. It is ideal for 
preoperative T1 and T2 staging but may also be useful 
in T3 staging if performed by an experienced endos-
copist. It is essential for the assessment of the need for 
neoadjuvant radiotherapy or endoscopic therapy, such 
as endoscopic submucosal dissection (ESD), and may 
be considered equally valuable as NMR in the inter-
pretation of the disease propagation. It is also ideal for 
postoperative monitoring and follow-up after radiot-
herapy. Our study also showed that an experienced en-
doscopist can determine, with certainty, the tumor size 
and degree of tumor penetration through the bowel 
wall, so the surgeon can rely on these endoscopic fin-
dings when deciding on the type of surgical procedure 
for T0-T2, and even T3 rectal cancer. This does not 
minimize the importance of NMR imaging, but sim-
plifies the procedure for the patient. Any patient can 
undergo preoperative ERUS. Still, NMR remains the 
gold standard for T4 staging of rectal cancer.
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Fig. 2. Mucinous carcinoma recti  
(staining: hemalaun-eosin, 10´).
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Sažetak

ULOGA ENDOSKOPSKOG ULTRAZVUKA REKTALNE REGIJE U ODREĐIVANJU STADIJA 
REKTALNOG ADENOKARCINOMA: MOŽE LI SE KIRURG PREOPERATIVNO OSLONITI NA 

ENDOSKOPSKI NALAZ? – USPOREDBA S POSTOPERATIVNOM PATOLOŠKOM DIJAGNOZOM

M. Ražov Radas i N. Lisica Šikić

	 Ovim se ispitivanjem pokušala dokazati korist endoskopskog ultrazvuka rektalne regije (ERUZ) kod oboljelih od karcinoma 
rektuma na odluku o terapijskom pristupu i vrsti kirurškog postupka. Uspoređeni su nalazi ERUZ-a s postoperativnom 
patološkom dijagnozom, gdje je jasno prikazan prodor tumora kroz slojeve rektuma. ERUZ-om je pregledan 41 bolesnik 
kako bi se odredio prodor tumora kroz stijenku. Naknadno je učinjena usporedba ERUZ-a s postoperativnim patološkim 
nalazima. Na temelju nalaza ERUZ-a, tri su bolesnika bila u skupini T0, pet u skupini T1, 121 u skupini T2, 17 u skupini 
T3, dva u skupini T4, a dva su imala mucinozni metastatski tip karcinoma. Dio bolesnika je operiran izvan naše ustanove 
i stoga nije uključen u ispitivanje. Bolesnici koji su primili kemoterapiju i prošli protokol zračenja prije operacije takođe 
su bili isključeni. Konačno je uspoređeno 26 nalaza ERUZ-a s patološkom dijagnozom kako bi se utvrdila osjetljivost i 
točnost ERUZ-a . Ukupna osjetljivost ERUZ-a za sve tumore (stadij T0-T4) iznosila je 96%. Točnost je bila 89%. Ovim 
istraživanjem dokazano je da se kirurg može osloniti na nalaz iskusnog endoskopičara prije nego što odluči o vrsti kirurškog 
zahvata posebno za tumore stadija T0-T2, pa čak i tumore rektuma stadija T3. Međutim, tumori T3 stadija se nalaze u “sivoj 
zoni”, tako da nam je za konačni terapijski pristup osim ERUZ-a potrebna nuklearna magnetska rezonancija (NMR). NMR 
ostaje zlatni standard za T4 stadij karcinoma rektuma..
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