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OPUT'MHAJIBHAA CTATBHA

PRE- AND POSTOPERATIVE COMPUTED TOMOGRAPHY IN PLANNING AND
POSTOPERATIVE EVALUATION AFTER AUTOLOGOUS FLAP RECONSTRUCTION

Shchekoturov I.O., Bakhtiozin R.F., Istranov A.L.,
Serova N.S., Babkova A.A., Kornev D.O.

urpose. To determine the possibilities of multi-slice computed tomography (MSCT)
with contrast enhancement at the pre- and postoperative assessment of flaps, do-
nor and recipient zone.
Materials and methods. The study involved 96 patients (100%) with different pa-
thology, who underwent autologous flap transplantation at pre- and postoperative stages.
Results. All flaps were successfully harvested and transplanted. Both immediate and
long-term examination showed good appearance reconstruction. All followed-up patients
conveyed good satisfaction degree with function and appearance reconstruction. Postopera-
tive computed tomography examination with contrast enhancement did not show hemody-
namically significant areas of narrowing or anastomotic failure in arterial vessels.
Conclusions. Computed tomography with contrast enhancement is a valuable tool
that can enhance the precision of preoperative planning and postoperative assessment for
free flap reconstruction.
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MPEA- U NOCAEONEPALULUOHHASA KOMIMbIOTEPHAA TOMOIPAPUSA B
NAAHUPOBAHUU U NOCAEONEPALUOHHOM OBCAEAOBAHUU NALUEHTOB
NOCAE PEKOHCTPYKTUBHO-NAACTUYECKUX ONEPALLUA C
UCNOAb3OBAHUEM AYTOAOCKYTOB

LLlekoTypos MN.O., baxtmosmH P.P., MctpaHoB A.A.,
Ceposa H.C., babkosa A.A., KopHes A.O.

enb uccienoBaHua. OnpeneAnTh BO3MOXKHOCTH MYABTHCIIMPAABHOM KOMITBIOTED-
HoM Tomorpaduu (MCKT) ¢ KOHTpACTHBIM YCUAEHUEM OAS OO- U IIOCAEOIEPAIIOH-
HOH OLIEHKHU AOCKYTOB, LOHOPCKOM U PEILUIINEHTHON 30HEI.
Marepuasnsr u meronsl. ObcaemoBano 96 nmarmeHToB (100%) ¢ pa3AMYHON ITATOAOTH-
eli, IepeHeCcIINX ayTOTPAHCIIAQHTAIINIO AOCKYTa Ha [0- U IIOCAEOIIEPAIITMIOHHOM JTarle.
Peaynbrarel. 3abop 1 nepecagka BCEX AOCKYTOB ObIAM IIpPOBeneHBI ycrelrHo. O6cae-
J0OBaHHE B paHHEM M IIO3[IHEM IIOCAEOIIEPAllMOHHOM IIepHOe MIPOAEMOHCTPHPOBaAM HOP-
MaAbHOE BOCCTAHOBACHHE BHEIIHErO BHAA. Bce malmeHThl, HAXOAUBIIHECS 101 HaOAIOLEeHH-
eM, ObIAM yIOBAETBOPEHBI BOCCTAHOBAEHHEM (DYHKIIMH M BHEITHero BHAa. IlocaeorepaliioH-
HOEe KOMIIBIOTEPHO-TOMOI'pacdUIecKOe MCCAELOBaHHE C KOHTPACTUPOBAHUEM He BBIBHAO Ie-
MOJAWHaMMHYECKH 3HAYHUMBIX YIACTKOB CYXKE€HHS HAH HECOCTOSTEABHOCTH aHaCTOMO30B B ap-
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TePHAABHBIX COCYAaxX.

BriBogsl. KomnbioTepHas Tomorpadus ¢ KOHTPACTHBIM YCHACHHEM — IIEHHBIH METOL,
KOTOPBIH MOXKET IIOBBICUTH TOYHOCTH IIPEIOIIEPAIIOHHOTO ITAQHHUPOBAHHUA U IIOCAEOIIEpallH-
OHHO OIIEHKH IIPU PEKOHCTPYKIINH CBOOOIHBIMU AOCKYyTaMH.
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ifferent flap reconstruction has gained
popularity over the past decade as a
means of providing excellent aesthetic
results with not expressed donor site
morbidity [1-2].

Breast cancer is the second most common
malignancy in women in Russian Federation [3].
Mastectomy remains a mainstay for treatment of
breast cancer. With increasing frequency, women
who undergo mastectomy for breast cancer treat-
ment or for prophylaxis when their breast cancer
risk is high also choose to undergo reconstructive
surgery to restore the appearance of the breast [4].
Various options for breast reconstruction exist.
Most women choose either silicone or adjustable
saline implants, although the choice may commit
them to undergo multiple surgical procedures in
order to achieve a natural and long-lasting cos-
metic result. The use of autologous tissue in place
of silicone or saline implants offers a more durable
result with less likelihood of complications. Tradi-
tionally, autologous reconstructions were per-
formed by using musculocutaneous pedicle flaps
(e.g., transverse rectus abdominis myocutaneous
(TRAM) flap) [5].

Mandibular defects after extensive resection,
due to tumors and other pathology, are quite dis-
figuring and can lead to significant cosmetic and
functional deficiency. The reconstruction of the
resected mandible could be performed with free
bone grafts or a variety of implantable construc-
tions. These operations have special application
for those situations in which the bone defect is
large, the recipient bed is poorly vascularized, and
there is an associated soft tissue deficiency. The
donor sites now include the fibula, iliac crest, rib,
metatarsal, radius, and scapula [6].

Mandibular resection due to carcinologic
imperatives or congenital/post-traumatic malfor-
mation affects not only facial esthetics but also
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swallowing, breathing and speech. Fibular free
flap mandibular reconstruction has become the
gold standard, since its first description by Hidal-
go in 1989. Esthetic and functional restoration is
all the more challenging as resection is large and
complex, involving multiple segments of the man-
dible. Surgical success is based on maintaining
symmetry and repositioning all bone segments,
and especially the condyle, in their pre-operative
positions to ensure stable dental occlusion [7].

Nowadays, a large number of different dis-
eases of the urogenital region, both congenital and
acquired, are distinguished. The methods of mi-
crosurgical autotransplantation of tissue complex
can be used for the urogenital pathology treat-
ment. Congenital hypoplasia of the penis can be
corrected by substitutional integration phalloplas-
ty with free revascularized and reinnervated mi-
crosurgical thoracodorsal autograft. Urethral
stricture and obliteration are common pathologies
that can be eliminated by replacement integration
urethroplasty using free revascularized and rein-
nervated microsurgical radial autograft [8-9].

Success of the reconstruction, however, re-
lies upon accurate assessment of highly variable
soft and bone tissue vasculature for flap design
and harvest. In the past few years, different radio-
logical methods of examination and virtual plan-
ning have been increasingly used in plastic sur-
gery at the pre- and postoperative stages of recon-
struction using various autografts [10].

Purpose.

To determine the possibilities of modern ra-
diological method multi-slice computed tomogra-
phy (MSCT) with contrast enhancement at the
pre- and postoperative assessment of flaps, donor
and recipient zone.

Materials and methods.

In the period from 2017 to 2020 in the Radi-
ology Department of Sechenov University Clinical
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Table Nel. Distribution of patients by pathology and treatment.
Disease Flap type Number of examined patients
Breast cancer TRAM flap 14 (15%)
Mandibular defects Fibula or rib flap 3 (3%)
Urethral stricture Radial flap 37 (39%)
Pathology of penis Thoracodorsal flap 42 (43%)

Fig. 1 (Puc. 1)

Fig. 1. Computed tomography, arterial phase, 3D
reconstruction.

Preoperative examination for evaluation of thoracodor-
sal vessels before phalloplasty by thoracodorsal flap.

Puc. 1. KomnbloTepHas Tomorpacpus, apTepu-
AAbHAs basa, TPEXMEPHAs PEKOHCTPYKLMUS.

HpenonepauHOHHoe obcAeloBaHUE A OIIEHKH TOopa-
KOAOPCAaABHOI'0O COCYAHCTOIO IIy49Ka IIEPEN CbaAAOl'IAa—
CTHUKOHU TOPaKOAOPCAABHBIM AOCKYTOM.

Hospital Ne 1, 96 patients (100%), (average age of
44,3 + 4,5 years) with different diseases, who un-
derwent autotransplantation of flaps at pre- and
postoperative stages were examined (Table 1).

All patients underwent pre- and postopera-
tive CTA to determine blood supply of the abdo-
men, head, chest or lower extremities depending
on the existing pathology. CT scans were per-
formed according to a standard protocol in a su-
pine position, patients holding the breath and not
moving during acquisition using a 640 multi-slice
CT scanner (Toshiba Aquillion One, Japan) with
120 kV, 120 mAs and 0,5 mm slice thickness. The
intravenous catheter was placed in the antecu-
bital arm vein, and 70-90 ml of a contrast agent
injection containing 370 mg of iodine per milliliter
(Ultravist 370, Germany) at a rate of 4 millili-
ter/second was administered. Bolus tracking was
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performed for the chest or abdominal aorta region,
and then was performed imaging of head, chest,
abdomen or lower extremities on the zone of inter-
est. Arterial phase was performed for determining
of arterial blood supply of donor and recipient
zone. Venous phase was performed for examina-
tion of parenchymal organs and state of soft and
bone tissues. The average calculated effective dose
was about 7,3 £ 2,1 mSv.

Results.

The analysis of CT angiograms was per-
formed on images in the axial plane, as well as
their sagittal, coronal and 3D reconstructions. The
most informative were images in the axial plane.
They allow to make an objective assessment of the
soft tissues and the vessels.

For all patients, the vascular anatomy of the
recipient and donor vessels was assessed with a
description of atypical variants of blood supply
and measurement of the length and diameter of
all arteries.

The average distance between the axillary
artery and the bifurcation of the thoracodorsal
artery was 79 = 12 mm. The average distance be-
tween the subscapularis artery and the bifurca-
tion of the thoracodorsal artery was 38 + 6 mm.
The average distance between the bifurcation of
the thoracodorsal artery and the end of the distal
segment of the descending branch, as well as the
end of the distal segment of the transverse
branch, was 96 + 15 and 74 £ 11 mm, respectively
(Fig. 1).

The average diameter of the axillary artery
was 6.5 £ 2.4 mm, the average diameter of the
subscapular artery was 4.1 + 1.9 mm, and the av-
erage diameter of the thoracodorsal artery was 3.5
+ 1.7 mm.

The classification introduced by Moon and
Taylor in 1988 was used to assess the variant
anatomy of the deep lower epigastric arteries.

The average determined length of the right
inferior epigastric artery was 183 + 22 mm, and
the average length of the left inferior epigastric
artery - 179 £ 26 mm. The mean diameter of the
right inferior epigastric artery at the ostium was
3.1 £ 0.9 mm. The mean diameter of the left infe-
rior epigastric artery at the ostium was 3.1 + 0.9
mm.

According to the Moon and Taylor classifica
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Fig. 2 a (Puc. 2 a)

Fig. 2 b (Puc. 2 6)

Fig. 2. Computed tomography, arterial phase, 3D reconstruction.

A - Preoperative examination of epigastric vessels before phalloplasty by thoracodorsal flap. Moon and Taylor type
L

B - Postoperative examination of epigastric vessels after phalloplasty by thoracodorsal flap and urethroplasty by
radial flap. Lower epigastric arteries deviated down.

Puc. 2. KomnbloTepHas Tomorpadous, apTepuasbHas coasa, TPEXMEPHAS PEKOHCTPYKLLMUS.

A - TIpemomepalliOHHOE HCCAEIOBAHHE SIHTACTPAABHBIX COCYHOB Iepen (hasrOIIAaCTHKON TOPAKOLOPCAABHBIM AOC-
KyToM. Tum I coraacHO KaacCH(UKAIIMH COCYAUCTON aHatoMuu 1o Moon and Taylor.

B - KommneloTepHasa ToMorpadus, apreprasbHasa asza, TpexMepHas PeKOHCTPYKIHud. [locaeoreparilioHHOe HCCAe-
JOBaHME SIIHUTACTPAABHBIX COCYHOB ITOCA€ (PAAAOIIAACTHKH TOPAKOAOPCAABHBIM AOCKYTOM H YPETPONAACTHKH Ayde-

BBIM AOCKYTOM. Huzxxnaue SIIUracCTpaAbHBbIE aPTEPHUU HU3BEACHEI.

tion, type I of the right lower epigastric artery was
found in 53 (57%) patients, type II in 24 (35%) pa-
tients, type IIl in 5 (8%) patients. Type I branching
of the left inferior epigastric artery was found in
41 (60%) patients, type II in 23 (34%) patients,
type III in 4 (6%) patients (Fig. 2).

After the postoperative arterial series data
processing not a single patient had hemodynami-
cally significant areas of narrowing or anastomotic
failure.

By measuring the thickness of the thoraco-
dorsal flap, the required width of the thoracodor-
sal flap can be determined so that the recon-
structed urethra can be placed in it without
clamping the free radial flap. The optimal diameter
of the reconstructed urethra is 1.5 cm (r = 0.75
cm). If X is the thickness of the thoracodorsal flap,
then (X + 0.75) x 2m is equal to the circumference
of the phallus and corresponds to the width of the
required flap (Fig. 3 a-b). The length of the flap
was selected in accordance with the wishes of the
patients.

A total of 14 consecutive patients underwent
pre and postoperative CTA, prior to reconstruc-
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tion. The majority of patients were undergoing de-
layed reconstruction following invasive ductal car-
cinoma of the breast.

For all patients, the vascular anatomy of the
recipient and donor vessels was assessed. Recipi-
ent vessels were inferior epigastric arteries and
donor vessels were internal mammary vessels. The
mean diameter of the internal mammary arteries
at the ostium was 3.3 £ 1.1 mm. The average
length of the internal mammary arteries were 315
+ 26 mm (Fig. 5).

At the postoperative period 3 patients with
defects of the lower jaw underwent repeated re-
constructive and restorative surgeries, including
free autobone transplantation (fibula or rib flap),
application of the distraction osteogenesis method
in order to restore the lost volume of bone tissue
(Fig. 5 a-d).

The number of reconstructive operations
ranged from 3 to 5 in different patients. The reha-
bilitation time was on average 18-24 months (in-
dividually in each case).

Discussion.

The vessel selected for free flap depends on
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0,75 cm

Fig. 3 a (Puc. 3 a)

Fig. 3 b (Puc. 3 6)

Fig. 3 a. Scheme for determining the recommend-
ed width of the thoracodorsal flap, based on its
thickness.

TAP Flap — Thoracodorsal Artery Perforator Flap.
RF Flap — Radial Forearm Flap.

Puc. 3 a. Cxema onpeAeAeHUs PEeKOMEHAYEeMOM
LUMPUHbI TOPAKOAOPCAALHOFO AOCKYTQ, OCHOBQH-
HQsl HQ ero TOALLMHE.

TAP Flap — TopakogopCaAbHbIH AOCKYT

RF Flap — Ay4eBOH AOCKYT

Fig. 3 b. Photo.
Intraoperative photo of thoracodorsal artery flap.
Puc.36. <%oro.

HurpaonepanuonHoe (POTO BBIAEAEHHOIO TOLPAKOLOP-
CaABHOI'O AOCKYTA.

Fig. 4 (Puc. 4)

Fig. 4.

State after autologous TRAM flap breast reconstruction.

Intraoperative photo.

Puc. 4. UHTpaonepaumoHHoe ¢poTo.

CocTosiHIE IT0CA€ PEKOHCTPYKIIUKU MOAOYHOH kKeae3bl TRAM-aAocKyTOM.
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Fig. 5 c (Puc. 5 B)

Fig. 5d (Puc. 5r)

Fig. 5.

State after mandibular resection and reconstruction by rib flap.

Puc. 5.
uma (B), akcuaAbHaa npoekuus (r).

CoCTOsIHHE II0CAE PE3EKIINH HHUKHEH YEAIOCTH ¥ PEKOHCTPYKIIUH PeOEPHBIM AOCKYTOM.

Computed tomography, 3D reconstruction (a,b), coronal plane (c), axial plane (d).

KomnbloTepHas Tomorpadcpus, TpEXMEPHAs PEKOHCTPYKLUUSA (a,6), KOPOHAABHAS PEKOHCTPYK-

multiple anatomic and surgical considerations,
and the decision-making process can be excep-
tionally time-consuming, in part because of the
wide variation that occurs in vascular anatomy.
Preoperative imaging can greatly improve the effi-
ciency of the selection process. The computed
tomographic angiographic evaluation performed
with the use of specific postprocessing and display
techniques may be more accurate for identifying
the most suitable vessel. CT angiography provides
valuable information that can help optimize surgi-
cal planning, decrease time spent in the operating
room, and improve the outcome of reconstruction
surgery [11].

The arteries have many variable anatomic
features, including its location, its branching pat
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tern, and the number of perforating vessels that it
supplies. In addition, a superficial inferior epigas-
tric artery that can be used as a vascular pedicle
is present in only two thirds of candidates for
breast reconstruction [12].

In patients who have undergone abdominal
surgery, these vessels, particularly the superficial
inferior epigastric artery, might be distorted or
even absent [13].

CT with virtual planning in mandibular re-
construction by fibular free flap can increase
symmetry compared to traditional freehand con-
formation. Computer-assisted surgery improves
mandibular bony landmark positioning, particu-
larly for the condyles, ensuring morphological re-
sults as close as possible to the native mandible,
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notably in complex reconstruction involving mul-
tiple segments [14-17].

Conclusion.

Computed tomography with contrast en-
hancement is a valuable tool that can enhance the
precision of preoperative planning for free flap re-
construction. Knowledge of the relevant anatomy,
surgical technique, and protocols for acquiring
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