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Abstract
Purpose  Hemorrhoidectomy remains the gold-standard treatment for advanced hemorrhoidal disease, but long-term out-
comes vary depending on the surgical technique and assessment method. This study aims to  show the long-term results 
achieved using a combination of transperineal ultrasound (TPUS) and endoscopy in patients who underwent Milligan-Morgan 
hemorrhoidectomy (MM).
Methods  A consecutive series of MM patients treated between February 2020 and December 2023 were contacted and 
underwent a clinical proctological evaluation, a Doppler TPUS, and an endoscopic check of the anal canal. All investigations 
were performed using the ESAOTE MyLab XPRO80. TPUS anatomy, including Doppler views, was assessed on the axial, 
sagittal, and coronal planes. Outcome measures consisted of the description of Doppler TPUS modifications following MM, 
and their relationship with clinical and endoscopic findings. 
Results  Twenty-three patients were available for the analysis at 26 months of follow-up (range 14–48). Fifteen patients had 
a Doppler vascular pattern (65.2%), eight patients a scattered pattern (34.8%). No correlation was present between residual 
symptoms and the Doppler vascular pattern (p = 0.089). The vascular pattern was associated with endoscopic signs of recur-
rences (p = 0.003), and its absence was able to predict the lack of internal recurrences in all patients (100%).
Conclusion  Doppler TPUS could help in the long-term assessment of patients presenting residual symptoms after MM. If 
confirmed in larger future cohort studies, the 100% negative predictive value of the vascular pattern could be used to exclude 
internal recurrences during postoperative follow-up.
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Introduction

The transperineal ultrasound (TPUS) is one of the sono-
graphic options for the assessment of pelvic floor dis-
eases, along with both the endoanal and the transvaginal 
approaches [1, 2]. Although endoanal and transvaginal 
probes are necessary for the definition of pelvic floor mus-
cles and fascias, and represent the gold-standard techniques 
for the assessment of obstetric injuries and perianal sepsis, 
they are not readily available in non-referral tertiary hospi-
tals and may alter the mucosal anatomy and vascularization 
by exerting a direct pressure on tissues, thereby changing 
the US signals derived.

TPUS would be more “physiologic” for the study of proc-
tologic diseases, as no internal pressure is applied [3]. Convex 
and linear probes has already been used on idiopathic perianal 
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sepsis [4–6], perianal Crohn’s [7–9] and anal incontinence [3, 
10]. Hemorrhoidal disease (HD), a widespread vascular dis-
ease, has generally been left apart. In 2010, Zbar et al. meas-
ured the anal cushions area in a group of normal subjects 
(n = 22), in patients affected by III and IV degree HD (n = 
36) and in 31 who underwent hemorrhoidectomy [11]. Probe 
wavelength included a 7.5–10 MHz curvilinear transducer (C4 
- 7 and C8 - 12) and a 5–10 MHz linear transducer. Results 
found that TPUS is easy to perform, reproducible, and shows 
marked differences between normal individuals, patients with 
symptomatic HD, and patients after hemorrhoidectomy [11]. 
Limitations consisted of the small sample size of the study, 
which impairs the generalizability of the findings, and the lack 
of comparison with other well-established diagnostic modali-
ties of HD, like anoscopy or flexible sigmoidoscopy.

Despite the widespread use of TPUS in other proctologic 
and pelvic floor disorders, its role in assessing long-term 
outcomes of hemorrhoidectomy remains poorly explored. 
The current study aims to show long-term results achieved in 
our hospital on patients with III–IV degree HD that under-
went Milligan-Morgan hemorrhoidectomy (MM), assessed 
with a clinical proctological evaluation, a Doppler TPUS, 
and an endoscopic check of the anorectum.

Materials and methods

This is a prospective observational study and has been 
reported according to the Strengthening the Reporting of 
Observational Studies in Epidemiology (STROBE) guide-
line [12]. All procedures in studies involving human par-
ticipants were performed by the ethical standards of the 
institutional and/or national research committee and with 
the 1964 Helsinki Declaration and its later amendments or 
comparable ethical standards. The study was approved by 
the Local Ethical Committee (IRCSS Istituto Oncologico 
“Gabriella Serio” Prot. 2146/CEL).

Included patients were those with III–IV-degree HD 
treated with MM between February 2020 and December 
2023 in a district general hospital (Azienda Sanitaria Locale 
ASL Lecce, “Francesco Ferrari” Hospital, Casarano). 
Excluded  patients were those with associated anorectal 
diseases (i.e., anal fistulas or abscesses, anal fissures, con-
dylomas, tumors, rectocele, internal intussusception, rectal 
prolapse, ulcerative colitis, Crohn’s disease or any other anop-
erineal disease), that received previous anorectal surgery or 
hemorrhoidal procedures other than MM, and with less than 
one year of follow-up from MM. All operations, as well as 
clinical, TPUS, and endoscopic assessments, were performed 
by a well-trained colorectal surgeon (GGr) with more than 
20 years of activity, 700 proctologic operations, and 5000 
endoscopic procedures. TPUS images were further reviewed 

by a second Author (GGa), and discrepancies were resolved 
by discussion or consultation with a third author (VDS).

Routine perioperative management

Patients were assessed preoperatively with history and a 
proctological evaluation, including a perineal and digital 
rectal examination, and anoscopy. When bleeding per rec-
tum or other symptoms suspicious for colorectal cancer were 
present, a complete colonoscopy or computed tomography 
colonography was performed before surgery (unless a recent 
one was already available). Indications for MM consisted of 
symptomatic III–IV-degree HD according to the Goligher 
classification [13, 14]. Following surgery, all patients were 
routinely followed up after 1, 3, and 6 weeks in our outpa-
tient clinic. On these occasions they were asked about the 
presence of bleeding or pain, and a digital rectal examination 
was performed to assess the calibre of the anal canal and the 
tone of the sphincters (both resting and squeeze pressures).

Study protocol

Between November 2024 and February 2025, patients were 
selected from a prospectively maintained database according 
to the inclusion and exclusion criteria, were contacted by 
phone, and the study protocol was explained. Subsequently, 
those who agreed underwent a single-stop outpatient clinic 
visit consisting of an interview about pre- and postoperative 
residual symptoms and a complete proctological evaluation 
that included TPUS and endoscopy. Data collected from the 
original database consisted of basic demographics (age, sex), 
American Society of Anesthesiologists (ASA) score, and 
date of surgery.

During the clinic, patients were asked about the presence 
of residual hemorrhoidal symptoms. Furthermore, a modi-
fied version of the Patient Reported Outcome Measure‐Hem-
orrhoidal Impact and Satisfaction Score (PROM‐HISS) was 
calculated and recorded for both the preoperative and the 
current follow-up visit [15]. The PROM-HISS score con-
sists of three domains: five HD symptoms (bleeding, pain, 
prolapse, soiling, itching; each is scored from 1 — less wor-
rying to 5 — most worrying), impact of symptoms on daily 
activities (score 0 — lowest to 10 — highest impact), and 
satisfaction with treatment (score 0 — lowest to 10 — high-
est satisfaction) [15]. In order to be able to compare the 
pre- and postoperative values of the score, the third domain, 
satisfaction with the treatment received, was not included 
because not available before surgery.

Radiology

All investigations were performed using the ESAOTE MyLab 
XPRO80® (Genova-Italy). Five probes were available: C1 - 8 
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Convex Array transducer — frequency range 1.0–8.0 MHz; 
L4 - 15 Linear Array transducer — 4.0–15.0 MHz; mC3 - 11 
microConvex Array Transducer — 3.0–11.0 MHz; L8 - 24 
Linear Array transducer — 8.0–24.0 MHz; L3 - 11 Linear 
Array Transducer — 3.0–11.0 MHz. Based on our prelimi-
nary experience, the most adapt for the assessment of proc-
tological diseases is the mC3 - 11 microConvex Array Trans-
ducer: its spatial resolution is adequate for approximately 
8-cm depth and the peculiar shape allows easily to scan all 
axes (sagittal, coronal, axial); linear probes are incapacitated 
on the coronal and axial views due to the pelvic bony promi-
nences that limit movements and angulations.

All scans have been performed via the perineal 
approach with the mC3 - 11 probe gently touching the 
anal verge. For each patient, three Doppler images, one 
for each anatomic axis (sagittal, coronal, and axial), were 
collected at rest with no Valsalva manoeuvre (Fig. 1–2). A 

minimal pressure was exerted on the anal verge to achieve 
a complete view of the anal canal mucosa without closing 
the internal vessels. The structural anatomy has been inter-
preted according to previous reports [16, 17]. Two patterns 
of vascularity were assigned (Fig. 3). The first pattern, 
“vascular”, identified a complex vascular architecture con-
sisting of multiple tortuous submucosal vessels that dis-
play a robust and widespread arterial signal. Dynamically, 
the vascular flow was characterized by high-velocity, pul-
satile arterial signals in synchrony with the cardiac cycle, 
prominent systolic pulsations, and a lower, continuous, 
diastolic component. The second pattern, “scattered”, cor-
responded to smaller calibre arteries (small coloured dots), 
less prominent pulsations, and less differences between 
systole and diastole (Fig. 3). TPUS images were recorded 
with a non-recognizable numeric code corresponding to 
the patient’s identity on the main database.

Fig. 1   Images achieved with the mC3 - 11 probe (sagittal and coronal view)
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Endoscopy

Endoscopic images of the anorectum have been collected 
with the Pentax EPK i7010 column and the E38-i10L colo-
noscope. For each patient, four images were gathered by 
rotating the scope every 90° during the retroflexion manoeu-
vre. Images were stored anonymously using the same cor-
responding numeric code used for the TPUS. On subsequent 
analysis, “no recurrence” or “recurrence” was interpreted 
according to the presence or absence of internal vascular 
congestion.

Outcomes

The primary outcome of this study was to describe the 
radiological anatomy of the anal canal using the TPUS 
along the three axes. Secondary outcomes were to define 
which probes, among those available, were most sensi-
tive for the definition of the anal canal anatomy, examine 

postoperative alterations, and assess the eventual utility and 
results achieved with the Doppler assessment. US findings 
were checked with the retroflexed endoscopic views as gold 
standard for eventual internal recurrences.

Statistical analysis

All data were inserted into an Excel database (Microsoft, 
Redmond, Washington, USA) and analyzed with the Sta-
tistical Package for the Social Sciences Windows version 
27.0 (SPSS, Chicago, Illinois, USA). Descriptive statistics 
used were the mean ± standard deviation for continuous 
parametric variables, the median and range for continuous 
non-parametric variables, and frequencies for categorical 
variables. Normality assumptions were demonstrated with 
histograms and the Shapiro–Wilk test. Analysis of compari-
son between groups was conducted with the ANOVA one-
way test for continuous parametric variables, Wilcoxon test 
for continuous non-parametric variables, and Chi-Square test 

Fig. 2   Images achieved with the mC3 - 11 probe (axial view)
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for categorical variables (Fisher’s exact test if the counts in 
cells were inferior to 5). A p value less than 0.05 was con-
sidered statistically significant.

Results

The selection process of patients included in the study 
is illustrated in Fig. 4: ninety out of 125 patients who 
underwent MM met the inclusion criteria, but ultimately 
only 23 agreed and were enrolled in the study. Descriptive 

statistics are presented in Table 1. Most patients were 
males and all had an ASA score I or II (Table 1). A sig-
nificant difference was present between the preoperative 
and postoperative HISS score (Wilcoxon test p < 0.001). 
Eleven patients (47.8%) had no residual symptoms at the 
time of follow-up, the remaining twelve still claimed a 
significant improvement after MM. In particular, five 
patients referred spots of occasional bleeding, two soil-
ing, two pain on defecation, two itching and one a residual 
prolapse. On physical exam, sixteen patients (69.6%) had 
no recurrent hemorrhoidal piles  or skin tags.

Fig. 3   Patterns of Doppler 
vascularity: vascular (top panel) 
and scattered (bottom panel)
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Radiology

The Doppler study uncovered the local tissue vasculariza-
tion. Fifteen patients had a vascular pattern (65.2%; Fig. 5) 
and eight patients a scattered pattern (34.8%; Fig. 6). There 
was no association between the presence of residual symp-
toms and the type of Doppler US pattern (Fisher’s exact test 
2-sided, p = 0.089).

Endoscopic correlation

The endoscopic analysis showed that ten patients had endo-
scopic signs of recurrence (43.5%; Fig. 5–6). A significant 

correlation was present between the presence of residual 
symptoms and the endoscopic findings (Fisher’s exact test 
2-sided, p = 0.036). Endoscopic recurrences were also sig-
nificantly associated with the Doppler US vascular pattern 
(Fisher’s exact test, 2-sided, p = 0.003). The positive predic-
tive value of the US vascular pattern was 66.7% (95% CI: 
50.1%–79.9%) and the negative predictive value was 100% 
(95% CI: 63.1%–100%) (Table 2).

Discussions

The present study had two major purposes. The first origi-
nated from the scarcity of data describing the US normal 
anatomy of the anal region with the transperineal approach. 
Images of the anorectal normal anatomy were already avail-
able only for the axial plane [10, 16–19]. All these studies 
focused on the application of TPUS to investigate obstetric 
anal sphincter injuries (OASIS) and started with the descrip-
tion of the sonographic appearance of the normal anal 
sphincter complex. The initial purpose of the present study 
was to describe US findings in other planes (sagittal and 
coronal) still uninvestigated with the transperineal approach. 
Based on our personal experience, the probe with a tapered 
shape that created relatively higher wavelengths was the 
most useful for the purpose (microConvex 3–11). The anat-
omy described in this study showed similar sonographic 

Fig. 4   Flow chart illustrating 
the selection and enrolment 
of patients in the study. MM: 
Milligan-Morgan hemorrhoid-
ectomy

Table 1   Descriptive statistics of the cohort of patients

Age (years) 58 ± 12
Sex (males; %) 18 (78.3%)
ASA score
  • I 4 (17.4%)
  • II 19 (82.6%)

Follow-up (months) 26 (14–48)
HISS score
  • Preoperative 25 (range 13–35)
  • Postoperative 6 (range 5–24)

Residual symptoms (n; %) 11 (47.8%)
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appearances of the sphincters complex to those already pub-
lished (hypoechoic the internal one, hyperechoic the external 
one). In the axial plane our images presented the internal 
anal sphincter as an hypoechoic ring, the anal mucosa as 
mixed echogenicity bunched image, and the external sphinc-
ter as a hyperechoic less-defined ring (Fig. 2) — similarly 
to Huang and colleagues [16]. The absence of internal com-
pression allowed a clearer and better-defined appearance of 
the anal mucosa as a thick layer of mixed echogenicity. This 
was more visible in the sagittal and coronal images when 
aligning the US waves with the anal canal. In this setting, 
the thick mixed-echoic layers corresponded to the anal canal 
mucosa, located anteriorly and posteriorly to a hypoechoic 
central region that corresponded to the air inside the anal 
canal. The internal sphincter was as thin hypoechoic streaks 
outside the mucosa (anterior and posterior to it), and the 
external sphincter was a less defined hyperechoic area out-
side the internal sphincter layers (Fig. 1).

The second point was about the application of Doppler 
technology to HD. Its use could be particularly useful after 
surgery, in example to screen symptomatic patients for HD 
recurrence with an easy, quick and non-invasive way. The 

peculiarity of TPUS, due to the absence of internal compres-
sion of the anorectal mucosa, allows the visualization of 
unaltered vascular flows. Doppler images collected on the 
three axial planes depicted two patterns, one clearly resem-
bling a pulsatile flow (vascular pattern) and the second con-
sisting of small, scattered dots, without clear pulsations. Our 
hypothesis was that such patterns corresponded to internal 
residual — or recurrent — congested vessels [20]. However, 
it was necessary at this stage to compare US images with a 
gold-standard method in order to test this hypothesis. We 
preferred as gold-standard technique the endoscopic ret-
roflexion manoeuvre over anoscopy to minimize, as much 
as possible, the local vessels compression. Results showed 
that the “vascular” US pattern had a significant correla-
tion with endoscopic engorged vessels. These were mostly 
located at the anorectal junction, visible in retroflexion, 
and presented as one or more close to the MM scars. The 
statistical analysis showed that the vascular pattern had a 
positive predictive value of 66.7%, in other words two out 
of three patients with the vascular pattern have an internal 
recurrence. Although statistically significant, this predictive 
value implies that TPUS alone cannot replace endoscopy 

Fig. 5   Comparison of the 
vascular pattern on transper-
ineal US Doppler (left panels) 
with corresponding endoscopic 
images (right panels)
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in identifying all cases of recurrence. Still, it represents a 
useful, non-invasive first-line screening tool, especially in 
settings where endoscopy is not immediately available or 
in patients for whom invasive procedures are poorly toler-
ated. Even more interesting, the negative predictive value is 
100%, in other words all patients with the scattered pattern 
had no signs of endoscopic pattern of internal recurrence, 
rendering useful as an initial screening tool in the outpatient 

clinic. This finding has substantial practical implications: 
in symptomatic patients with a “scattered” Doppler pattern, 
clinicians may safely avoid or defer endoscopic evaluation, 
reserving it only for those with vascular signals. This could 
help optimize resource use, reduce patient discomfort, and 
streamline follow-up workflows.

Over the last decades, the US study of pelvic floor dis-
eases progressively gained a widespread acceptance. Clini-
cal indications and applications increased over the years, as 
well as the number of published studies. Results achieved 
further reinforced the theory of an integrated approach 
between the urologist, gynaecologist and colorectal surgeon 
[1, 2]. Among the various approaches available — TPUS, 
transvaginal and endoanal — the latter opened the way to 
more specific and dedicated studies of the anal canal. Its 
use mainly focused on perianal fistulas (including both idio-
pathic cryptoglandular and perineal Crohn’s disease), faecal 
incontinence and staging of anorectal neoplasms [21]. Ini-
tial bi-dimensional endoanal probes allowed the anatomical 
definition of anal sphincters, their relationship with fistulas, 
and the local level of invasion of neoplasms [21]. The intro-
duction of three-dimensional softwares achieved a better 

Fig. 6   Comparison of the scat-
tered pattern on transperineal 
US Doppler (left panels) with 
corresponding endoscopic 
images (right panels)

Table 2   Results of TPUS as a diagnostic test for hemorrhoidal dis-
ease recurrence

Statistic Value 95% CI

Sensitivity 100% 69.1% to 100%
Specificity 61.5% 31.6% to 86.1%
Positive Likelihood Ratio 2.6 1.3 to 5.2
Negative Likelihood Ratio 0
Disease prevalence 43.5% 23.2% to 65.5%
Positive Predictive Value 66.7% 50.1% to 79.9%
Negative Predictive Value 100% 63.1% to 100%
Accuracy 78.3% 56.3% to 92.5%



International Journal of Colorectal Disease          (2025) 40:104 	 Page 9 of 10    104 

definition of images, further elucidated the regional anatomy 
and the relationship with the diseases, and expanded indica-
tions [21].

Despite the well-known advantages of the endoanal US, 
it requires a dedicated probe with increased costs, therefore 
its diffusion is currently limited to tertiary care or special-
ized colorectal centers making it less accessible in smaller 
or general healthcare centers. TPUS can be performed with 
common transabdominal probes generally found in nearly 
all healthcare settings (including rural clinics and small hos-
pitals), therefore has a more capillary distribution. Further-
more, the less invasive external probes, compared to endoa-
nal ones, could be advantageous to achieve images closer 
to reality instead of compressing soft vascular tissues and 
therefore altering the local blood flows. Therefore, Doppler 
technology could be applied to investigate the true vascu-
lar component of diseases, as in example HD [22]. Finally, 
TPUS overcomes limitations of transvaginal US that can be 
performed only in women [11].

Significant limitations are present in the current study. 
The lack of preoperative TPUS assessments of HD patients, 
as well as a control group of healthy subjects, hinders base-
line comparisons, the assessment of confounding factors 
and a correct analysis of variations induced by surgery. The 
qualitative classification of patterns observed (vascular vs. 
scattered) is subjective and should be integrated with more 
objective quantitative methods (i.e., Doppler measurements 
of vascular flows). The small sample size of patients that 
agreed to participate (n = 23) out of the 90 available intro-
duces a selection bias; therefore, our results need to be con-
firmed in larger studies, already underway. Finally, the TPUS 
methodology, although easy to learn and widely available, 
still requires a formal training to be properly performed and 
interpreted.

Conclusions

Our results have shown that TPUS can be safely applied 
to the long-term postoperative follow-up of MM and could 
help screen patients before more invasive investigations are 
performed, as the 100% negative predictive value of the 
vascular pattern automatically excludes all patients with 
endoscopic signs of recurrence when a scattered pattern is 
present. Future research should involve confirmation of our 
results in larger cohort studies, quantify the vascular flows 
through the Doppler measurements, include preoperative 
flow assessments in order to compare them with postopera-
tive changes, and assess the potential advantages conferred 
by AI-based image analysis softwares.
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