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ABSTRACT

Background: To date, there is no single standard for conducting HAL-RAR operations. The constant
discussion raises the question of the number of terminal branches of the superior rectal artery, which
must be ligated in the submucosal layer of the rectum in order to provide the adequate dearterialization
of hemorrhoids. Aim: To study the anatomy of the branches of the superior rectal artery and to develop
recommendations for the optimal ligation of the terminal branches of the superior rectal artery. Methods:
150 protocols of the previous operations have been studied. In order to further objectify our results,
the results of radiation diagnostics (CT and MRI) were revised for 100 patients without pathological
changes of the rectum and anal canal to study the variant anatomy of the superior rectal artery and
its terminal branches in the rectal wall. Results: In 148 patients, 6 terminal branches were identified,
in 2 (1.333%) patients, 5 branches were found. 100 cases without pathological changes were also analyzed
(60 MRI and 40 CT scans). In all the cases, 6 terminal branches of the superior rectal artery were determined,
located at 1, 3, 5, 7, 9 and 11 o'clock positions of the conventional dial. At the same time, a large number
of identified anatomical options for the branching of the VPA and the method for reaching the rectal wall
should be noted, which we used as a basis to propose a classification. Conclusion: In the vast majority of
cases, there are 6 terminal branches of the superior rectal artery, located in the lower ampulla of the rectum
at approximately 1, 3, 5, 7, 9 and 11 hours of the conventional dial. A number of variants of the vascular
anatomy of the proximal branches are possible, but 6 distal branches are involved in the direct blood supply
of the hemorrhoids. When performing selective Doppler-controlled dearterialization of hemorrhoids, it is
expedient to ligate 6 arterial vessels.
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BACKGROUND

Selective Doppler-guided hemorrhoid artery
ligation with recto-anal repair (HAL-RAR surgery)
is a minimally invasive treatment for hemorrhoidal
disease. Considerable experience has been gained
in performing this surgery, defining indications, and
studying possible complications. However, there is
currently no standard technique for performing this
intervention. Equipment from different manufacturers
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is used with significant technological differences,
and the technique for arterial ligation and mucosal
dissection varies among surgeons. The number of
terminal branches of the superior rectal artery that
should be ligated in the submucosal layer in the lower
ampullary rectum to achieve adequate disarterization

of hemorrhoidal nodes is controversial.
This study aimed to evaluate the anatomy of the
terminal branches of the superior rectal artery using
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AHHOTALMUA

O6ocHoBaHue. EQuHbii cTaHaapT nposegeHus onepauymii HAL-RAR otcyTcTByerT. [MoCTOsIHHbIE ANCKYC-
CUM BbI3bIBAET BOMPOC O KOJINYECTBE TEPMUHATIbHbIX BETBEV BEPXHEN MPSMOKULLEYHO apTepum, KOTOPbIE
HEeobXoaMMO rnepeBs3aTh B MOLCN3NCTOM CJI0€ MPSIMOV KULLKY C L{eJIbI0 OCYLLECTBJIEHNST afeKBaTHOM
Jesaprepusaymv reMoppovaasbHelX y3/108. Liesib nuccnegoBaHns — n3y4unTb aHaTOMUKO BETBEN BEPXHEN
MPSIMOKULLIEHHON apTepun 1 BblpaboTaTb peKoMeHaaumy rno onTuMasabHOMY JIMMMPOBaHNI0 TEPMUHASIb-
HbIX BETBEN BEPXHEN NPsIMOKULLIEYHOM apTepun. MeTogbl. V13y4eHo 150 npoTOKO10B paHee BbIMOJIHEHHbIX
onepauyui. C yenbko fasbHenLuen 00bekTUBU3aLMn Hallmx pesy1bTaToB /151 UCCEeN0BaHVsS BapUaHTHOM
aHaToMUY BePXHEV MPSIMOKULLIEYHOM apTepum n €€ KOHEYHbIX BETBEN B CTEHKE MPSIMO KULLIKV Obliv rnepe-
CMOTPEHbI Pe3ysibTaTbl KOMbOTEPHbIX (KT) v MarHUTHO-pe3oHaHCHbIX (MPT) Tomorpamm 100 naymeHToB
6e3 nNaTosIorn4eCcKmX N3MeHeHWI NMPsIMO KULLIKW 1 aHaslbHOro kaHasnaa. Pe3ynbrartsl. Y 148 (98,7%) naum-
€HTOB BbISIBJIEHO 6 TepMuHasibHbIX BeTBeN, y 2 (1,3%) — 5 BeTse. [poaHam3npoBaHbl TakxXe pesyibTaTsl
nyqeBon aunarHocTukm 100 naumeHToB (60 MPT n 40 KT) 6e3 naTtosorn4ecKmnx n3MeHeHW rnpsiMor KULLIKU
M aHasIbHOro KaHasia. Bo Bcex cryyasx onpenensnochb 6 TepMuHasibHbIX BETBEN BEPXHEN MPSIMOKULLIEYHOM
aprepuy, 10Kam3oBaHHbIX Ha 1, 3, 5, 7, 9 n 11 yacax ycnoBHoro ymngepbnara. lNpy 3ToM caegyet OoTMETUTL
60/1bLLIOE KOJINYECTBO BbISIBJIEHHbLIX aHAaTOMUYECKNX BaPUaHTOB BETB/IEHVSI BEPXHEN MPSIMOKULLEYHOM ap-
TEPUN U Criocoba AOCTVXKEHUS CTEHKU MPSIMON KULLKU, Ha OCHOBaHUW Hero npeaioXeHa Kiaaccuuka-
yms. 3aknr4veHue. B nogasrsioLem 60bLLNHCTBE C/lyYaeB UMEETCs] 6 TepMuHasibHbIX BETBEN BEPXHEN
MPSIMOKULLIEYHON apTepuy, JIOKaN30BaHHbIX B HUXKHEaMyIspHOM OTAes1e MPsIMOVi KULLIKM OPUEHTUPO-
BOYHO Ha 1, 3, 5, 7, 9 u 11 wacax ycioBHoro yugepbnara. Bo3MOXHbI pasinydHble BapuaHTbl COCYAUCTON
aHaToMuM NMPOKCUMaIIbHbIX BETBEN, HO B HEMNOCPEACTBEHHOM KPOBOCHabXXeHU reMoppovaasibHbIX y3/10B
yyacTByeT 6 gucTtasibHbiX BETBEN. B xone BbINOSIHEHUS CE/IEKTUBHOM [OMMIEPKOHTPOINPYEMON [e3ap-
TepU3aLny reMoppougasibHbIX y3/108 Lies1eco0bpas3Hol ABASETCS nepessiska 6 apTepuasibHbIX COCY4O0B.

KnroueBble csioBa: reMoppoi; gesaaptepusaumnsi; inptuHr; nnrnpoBaHne; HAL-RAR.

Ansa yntupoBaHus:

Dasupgosud [.J1., ®unuctee l.A., CmupHoB A.B., bypoeckunn A.K., Conomka A.A., TapuBepan-
eB AM., Tomawesckun IC., PazbupuH [O.B., NoweHoB M.C. AHaTtomusi TepMuHalbHbIX BETBEN
BEPXHEN MPSAMOKULLEYHON apTepuy Mpu  BbIMOSHEHWN CENEKTUBHON [OMNMNAEPKOHTPONIMPYEMON
nesaptepusauun remoppouganbHbix y3nos (HAL-RAR). KnuHnydeckasi npaktuka. 2023;14(4):26-33.
doi: https://doi.org/10.17816/clinpract568027

MocTtynuna 04.08.2023 MpuHaTa 13.11.2023 Ony6nukosaHa online 15.12.2023

computed tomography (CT) and magnetic resonance METHODS
imaging (MRI) and develop an optimal technique for Study design
hemorrhoidal nodule disarterization. Retrospective cohort study
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Eligibility criteria

Inclusion criteria: patients with hemorrhoidal
disease who underwent selective HAL-RAR between
2018 and 2022 and patients with no organic pathology
of the rectum and anal canal who underwent pelvic CT
or MRI for screening purposes

Inclusion criteria: patients who had previously
undergone Milligan-Morgan hemorrhoidectomy

Exclusion criteria:  technical unsuitability for
interpreting the medical images obtained.

Settings

This study was conducted at the Coloproctology
Department of the Federal Scientific and Clinical Center
for Specialized Medical Care and Medical Technologies
of the Federal Medical and Biological Agency of Russia
(FMBA) in 2018-2022.

Description of the medical intervention

Selective Doppler-guided hemorrhoid artery

ligation with recto-anal repair (HAL-RAR)

Surgical procedures were performed using the
HAL Doppler 2 device (AMI, Austria) with original AMI
RAR Flexi Probe 2081 sensors under local regional
anesthesia (pararectal, presacral, and pudendal
block with 0.5% ropivacaine solution, Naropin) with
intravenous sedation. After intraoperative revision of
the anal canal and lower ampullary region, an operative
Doppler proctoscope with Categel was inserted into the
rectum. Sequential localization of hemorrhoidal artery
projections was performed at 1, 3, 5, 7, 9, and 11 o’clock
on the conventional dial at a height of 2-7 cm from the
dentate line. The hemorrhoidal arteries were ligated
sequentially using Polysorb Covidien 2/0 sutures on
a 5/8 circumference atraumatic needle. Stitching was
performed using an eight-shaped suture consisting
of two stitches. In cases of prolapse and increased
mobility of the mucosa and internal hemorrhoidal
nodes, mucosa lifting is performed using “tightening”
sutures in the form of a pyramid. The first row requires
one stitch, the second row requires two stitches, and
the third row requires three stitches. Lifting should be
completed at 1.0 cm above the dentate line. The vessel
was ligated with a second 8-shaped suture located
distally in the absence of pronounced mucosal prolapse.
Hemostasis was carefully controlled, and control
Dopplerometry was performed. Arterial pulsation
below the level of arterial ligation was not detected
in any patient. Upon removal of the device, the anus
was completely closed. A postoperative dressing was
applied from the outside.
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In the postoperative period, conservative analgesic
and anti-inflammatory therapy and local treatment were
administered. Antibacterial therapy was prescribed
in exceptional cases. Early activation of patients was
performed after surgery. Full nutrition was resumed
immediately after surgery. In most cases, patients were
discharged in the evening of the day of surgery or the next
morning. Control examination was conducted 7-8 days
and 1.5-2 months postoperatively; the first stool of the
patients did not cause significant discomfort, which is
an advantage of this method, and was not accompanied
by traumatization of the tissues of the anal canal.

We performed an anatomical study using our
existing archive of contrast-enhanced CT and MRI
studies of the anal canal to further prove our findings.
In studying the normal anatomy, the exclusion criterion
was the presence of organic pathology in the anal canal
that could significantly alter anatomical landmarks.

Radiological diagnostic methods, specifically CT
and MRI with intravenous contrast enhancement, were
used to investigate the anatomy of the superior rectal
artery and its terminal branches in the rectal wall in
norm. In total, 100 cases were analyzed, comprising
60 MRI and 40 CT scans.

No special new studies were performed to visualize
the anatomy, and the evaluation was retrospective
based on previous studies performed for screening
purposes (cancer screening, check-up).

MRI studies were conducted using a GE Signa
Pioneer 3 Tesla MR scanner. Arterial phases after
intravenous contrast injection (gadobutrol at 7.5 mL)
were used to analyze the variant anatomy of the
superior rectal artery division and evaluate the rectal
artery. A multiphase protocol based on LAVA Flex was
used as the sequence.

CT studies were conducted using a GE Revolution
HD 128 CT scanner. The arterial phase of the standard
three-phase contrast protocol was selected to evaluate
the superior rectal artery.

Normal visualization of the superior rectal artery and
its branches was achieved in only 20% of CT studies
(8 patients). On MRI, 75% of the studies (45 patients)
were suitable for analyzing the superior rectal artery
and its branches. This is because of the higher spatial
resolution of MR images compared with CT and the

T LAVA Flex is a 3D imaging technique with FSPGR sequencing that
allows imaging of only water, only fat, in phase and counterphase
simultaneously and in a single breath hold. This imaging method
provides excellent homogeneous suppression of the adipose
tissue signal over the entire field of view, including areas that are
difficult to visualize, with traditional fat suppression functions
owing to magnetic susceptibility effects.
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superior contrasting features (on MRI, the number of
scanning phases ranged from 9 to 11, making it more
possible to select images with high-quality contrasting
of the branches of the superior rectal artery).

Study outcomes

This study aimed to determine the variant anatomy
of the branches of the superior rectal artery. Data on
the duration of surgery for complete disarterization of
all six arteries are presented. Clinical characteristics
and long-term results were not provided because of
the study’s limitations.

Ethical review

This study was approved by the local ethics
committee of the FMBA of Russia (protocol no. 9;
October 25, 2022).

Statistical analysis

In the descriptive part of the study, results are
presented as nonparametric data with median and
interquartile range.

RESULTS

Objects (participants) of the study

The study involved 150 patients with hemorrhoids
who underwent selective HAL-RAR surgery between
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2018 and 2022 and 100 individuals without organic
pathology of the rectum and anal canal who underwent
pelvic CT or MRI for screening purposes.

Main results of the study

The surgery lasted for 30.5 [15; 55] min. Terminal
branches were detected in 148 (98.6%) patients,
whereas 2 (1.33%) had 5 branches. These patients
had previously undergone surgical interventions, with
excision of single hemorrhoidal nodes (Fig. 1).

According to ultrasound Doppler-location data, the
depth of the vessels during the conventional dial was
3.94 mm [2.98; 4.97] at 1 h, 3.83 mm [2.7; 5.34] at 3 h,
4.0 mm [3.0; 5.55] at 5 h, 4.06 mm [3.1; 5.2] at 7 h,
4.0mm [2.1;5.4]at 9 h, and 3.88 mm [2.82; 4.96] at 11 h.

All six identified terminal branches were ligated in
every patient using Polysorb 2/0 polyfilament resorbable
suture material with a 5/8 circumference needle.

In all cases where interpretation was possible, six
terminal branches of the superior rectal artery were
identified, localized at 1, 3, 5, 7, 9, and 11 o’clock
positions on the conventional dial (Fig. 2). Several
anatomical variants of the upper rectal artery branching
and its path to the rectal wall were revealed (Fig. 3
and Table 1). The superior rectal artery branches into
three, with each branch subsequently splitting. This
classical variant accounts for 54% of cases, as shown
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Fig. 1. Number and location of hemorrhoidal arteries in four patients; an example of the data obtained with a HAL-Doppler 2.
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Fig. 2. Magnetic resonance tomo-
graphy: 6 terminal branches of the
superior rectal artery are visualized,
located at 1, 3, 5, 7,9 and 11 o'clock of
the conventional dial.

in Figure 3 (depicting the first, fifth, and sixth variants).
Figures 4 and 5 are also included.

In 34% of cases, two branches of the upper rectal
artery were identified, leading to trifurcation. The
posterior branches branched off in the form of arcs to
the posterior wall of the intestine at 5 and 7 o’clock
of the conventional dial (variant 2). Figure 6 displays
the first and second variants. In two observations, a
vascular arcade in the form of an arc was found, which
fed almost the entire circumference of the intestine,
according to the blood supply type of the small intestine
(variant 3) (Fig. 7). In six cases, variant 4 (Fig. 8) showed
the scattered type, with six separate branches from
the superior rectal artery to the intestinal wall, either
simultaneously or consecutively. In 4% of cases,
variant 7 had four branches of the upper rectal artery,
two of which split and two went separately.

Variants 5 and 6 should be combined with the first
type because, initially, there are three branches of the
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Fig. 3. Variants of the superior rectal artery division.

superior rectovaginal artery, which later have their
own features, such as hypoplasia or trifurcation, and a
separate trunk at 1 h of the conventional dial instead of
two bifurcations (3-1 instead of 2-2).

DISCUSSION

The objective of HAL-RAR surgery is to reduce
blood flow to the hemorrhoidal nodes, making
dearterization critical. A systematic review by Pucher
et al. [1], which included 2904 patients, reported
recurrence rates ranging from 3% to 60%. This
variation can be attributed to the lack of standardization
of the operation [2]. In the literature, the technique
of dearterization has shown considerable variability.
This may be because of the differences in the devices
used, presence or absence of mucopexy, number of
ligatures applied, and type of suture used. Therefore,
standardization of the operation is critical to improve
the results.

Table 1

Variant anatomy of the superior rectal artery division

Type of variant anatomy of division of the superior rectal artery
and perforation of the rectal wall

Classic type (2-2-2)

2 branches with trifurcation (3-3)
Vascular arcade (1-5)

Scattered type (1-1-1-1-1-1-1-1)

Classical variant of the conventional dial with a separate arterial trunk at 1 h (2-3-1)

Classical variant with hypoplasia of the paired branch (2-2-2 d)

2 bifurcations +2 separate trunks (2-2-1-1)

Variant, Incidence,
no. %

34
34
2
6
14

—_

N o o WwoN
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Fig. 4. Three branches of
the superior rectal artery at
the site of origin (arrows). the bifurcation (arrows).
Classical (type 1) anatomy Classical (type 1) anatomy
of the superior rectal artery.  of the superior rectal artery.

Fig. 5. Three branches of the
superior rectal artery before

Traditionally, it has been believed that there are
only three hemorrhoidal arteries, located at the 3, 7,
and 11-o’clock positions. However, our extensive
experience in performing HAL-RAR, with interventions
under objective control of ultrasound Dopplerometry,
has led us to the discovery that in most cases, there
are actually six terminal branches of the superior
rectal artery located approximately at 1, 3, 5, 7, 9, and
11 o’clock positions on the conventional dial. Ligation of
all vessels should be performed to prevent recurrence
of the pathologic process in new locations.

Few studies have been conducted on the variant
anatomy of hemorrhoidal arteries. The literature
search revealed insufficient research on this topic.
Toh et al. [3] have studied140 patients, of whom 53.6%
had four hemorrhoidal arteries, with the fourth artery
consistently in the left anterior position at the 1 o’clock
position. Moreover, 37.1% of the patients had classic
variant anatomy with three arteries in typical locations,
and 9.3% had 1, 2, 5, or 6 arteries each. Kolbert et al. [4],
who included 45 patients, have obtained similar results.
The fourth vessel was detected in 67% of the patients,
the fifth in 16%, and the sixth in 13%. An experimental
study by Schuurman et al. [5] on 10 human cadavers
showed that the upper rectal artery divides into
3-5 large branches, each of which gives rise to another
5-7 branches that penetrate the intestinal wall. In
another study, Parello et al. [6] have observed that
during HAL-RAR surgery, in most cases, six branches
of the upper rectal artery are detected.

Studies on arterial anatomy in hemorrhoidal
disease in the context of the HAL-RAR technique
are limited. No classification of possible anatomical
variants is given in any source. This aspect is crucial
in standardizing surgery, as the efficiency of ligation
of all terminal branches of the superior rectal artery

e

Fig. 6. Trifurcation of the superior rectal artery on the left

and bifurcation of the superior rectal artery on the right
(arrows). Computed tomography reconstruction.

Fig. 7.
of the
reconstruction of magnetic
resonance tomography.

arcade
MIP

Arterial
rectal wall:

Fig. 8. Six terminal branches
of the superior rectal artery
before the insertion into the
intestinal wall.

directly affects the frequency of postoperative
recurrences.

This study presents an anatomical classification
of upper rectal artery division variants in relation to
HAL-RAR surgery for the first time.

Limitations of the study

This study had limitations owing to its retrospective
nature and the variability in methods (CT, MRI, Doppler)
used to detect the anatomy of the terminal branches of
the superior rectal artery.

CONCLUSIONS

In conclusion, there are six terminal branches of the
superior rectal artery located in the lower ampullary
part of the rectum at approximately 1, 3, 5, 7, 9, and
11 o’clock positions on the conventional dial. Although
there may be variations in the vascular anatomy of the
more proximal branches, these six distal branches are
responsible for direct blood supply to the hemorrhoidal
nodes. During selective HAL-RAR surgery, six arterial
vessels should be explored and ligated.
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OONOJIHUTEJIbHAA UHOOPMALLAA

UcTtouHnk duHaHcupoBaHua. ViccneposaHue
n nybaMkauus cTaTbW OCYLUECTBMIEHbI HA JIMYHbIE
cpeacTBa aBTOPCKOro KONIEKTMBA.

KoHbAUKT nHTepecoB. ABTOPbI 3asB/sOT 06 OT-
CYTCTBWM BHELUHErO (PUHAHCUPOBaHWS NpU NpoBeLe-
HUM NccneaoBaHus.
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