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ABSTRACT
BACKGROUND: Currently autologic reconstructive surgery in the most significant approach in surgical therapy for enteral 
insufficiency due to short bowel syndrome. Possible application for short bowel surgery of widespread urologic Yang–
Monti–Casale technique is an issue of interest. The technique includes cutting of small bowel segment antimesenteric 
border with a figured incision and second tubularization at an angle to the mesenterium fixation line which results in 
elongation and narrowing of the bowel segment.
AIM: To determine geometric requirements of small bowel segment for Yang–Monti–Casale procedure to treat short 
bowel syndrome.
MATERIALS AND METHODS: A mathematical model for resulting bowel segment after Yang–Monti–Casale procedure 
geometry dependency on original bowel length and width was observed. An object of the analysis was a cylindrical 
surface. Modeling assumptions were that the suface had no thickness and was unstretchable. Only surfaces with length 
more than width were taken into account. For establishing the dependency of bowel segment after procedure on original 
parameters a net of cutted with figured incise according the Yang–Monti–Casale technique cylindrical surface was con-
sidered. Bowel segment resulting width was computed as a half of the distance between the points that matched during 
the enteroplasty. Resulting length was computed as the ratio of the surface area and the resulting width.
RESULTS: Yang–Monti–Casale procedure provides significant bowel segment elongation and narrowing if original bowel 
length to width ratio is not more than 2,5:1. The target bowel width 20 ± 2 mm is achieveable if original length is 
60–80 mm and original width is 30–65 mm.
CONCLUSIONS: Yang–Monti–Casale procedure may be considered as auxiliary technique for short bowel syndrome re-
quiring bowel segment length 60–80 mm, width 30–65 mm, and length to width ratio not more than 2,5:1.
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Энтеропластика Yang–Monti в модификации Casale 
при синдроме короткой кишки: предварительный 
геометрический анализ
А.В. Косулин, А.В. Подкаменев, Н.А. Лукина, А.К. Авдовская, Е.А. Мельникова, Р.А. Ти
Санкт-Петербургский государственный педиатрический медицинский университет, Санкт-Петербург, Россия

АННОТАЦИЯ
Актуальность. В настоящее время основным направлением хирургической коррекции синдрома короткой кишки яв-
ляются аутологические реконструктивные вмешательства. Представляет интерес рассмотрение в данном контексте 
энтеропластики по способу Yang–Monti в модификации Casale. Суть метода сводится к рассечению противобрыжееч-
ного края сегмента тонкой кишки фигурным разрезом и повторной тубуляризации под углом к линии прикрепления 
брыжейки, в результате чего сегмент кишки приобретает большую длину и меньшую ширину.
Цель — определение геометрических параметров кишечного сегмента, при которых энтеропластика по способу 
Yang–Monti в модификации Casale может быть использована для хирургического лечения синдрома короткой кишки.
Материалы и методы. Рассмотрена математическая модель, описывающая зависимость результирующих геометри-
ческих параметров кишки при выполнении энтеропластики от исходных длины и ширины. В качестве объекта ана-
лиза использована цилиндрическая поверхность. Для определения зависимости длины и ширины сегмента кишки 
после выполнения энтеропластики от исходных размерных параметров была рассмотрена развертка цилиндрической 
поверхности, рассеченной фигурным разрезом. Результирующая ширина сегмента кишки вычислялась как полови-
на расстояния между совмещаемыми при выполнении энтеропластики точками. Результирующая длина вычислялась 
как отношение площади поверхности к результирующей ширине.
Результаты. Установлено, что энтеропластика приводит к значимому увеличению длины и уменьшению ширины сег-
мента кишки в случае, если исходная длина превосходит исходную ширину не более, чем в 2,5 раза. Было показано, 
что результируюшая ширина сегмента кишки после выполнения энтеропластики соответствует целевому значению 
20 ± 2 мм при исходной длине 60-80 мм и исходной ширине 30–65 мм.
Выводы. Энтеропластика по способу Yang–Monti в модификации Casale может рассматриваться как вспомогательный 
метод интестинальной реконструкции по поводу синдрома короткой кишки при длине кишечного сегмента 60–80 мм, 
ширине 30–65 мм и соотношении длины к ширине не более 2,5 : 1.

Ключевые слова: аутологическая реконструктивная хирургия; синдром короткой кишки; операция Yang–Monti; 
математическое моделирование.
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Fig. 1. Yang-Monti-Casale procedure
Рис. 1. Энтеропластика Yang–Monti в модификации Casale

BACKGROUND
After massive small bowel resection, the remain-

ing segment undergoes a series of morphological and 
functional changes collectively known as intestinal ad-
aptation [26]. From a macroscopic perspective, intes-
tinal adaptation involves an increase in the length and 
width of the intestine. Favorable progression of this 
process can result in full enteral autonomy, defined 
as the body’s ability to absorb the required amount of 
nutrients without parenteral support [3, 10]. However, 
in cases where more than 75% of the intestine is lost 
[6, 19], enteral autonomy may not be achieved or only 
partially achieved. This leads to the development of short 
bowel syndrome (SBS), a condition characterized by in-
testinal failure, progressive malnutrition, and systemic 
disorders [2].

A key morphological feature of SBS is increased 
intestinal diameter [17]. While some researchers con-
sider dilation to be a part of the intestinal adaptation 
process [14], others regard it as a pathological phe-
nomenon [11]. Intestinal dilation is associated with poor 
prognoses [17], including an increased risk of small 
intestinal bacterial overgrowth (SIBO) [5] and septic 
complications [11]. Patients with dilated short bowels 
are candidates for autologous reconstructive surgeries 
[14, 21, 27], which aim to modify the configuration of the 
intestinal segment to increase transit time, reduce the lu-
minal phase (not making contact with epithelium) of intesti-
nal contents, and minimize the loss of intestinal wall tissue 
[1, 7, 19].

The most commonly used surgical techniques include 
longitudinal intestinal lengthening and tailoring (LILT) and 
serial transverse enteroplasty (STEP) [17]. Recently, STEP 
has begun to replace LILT [21, 27], likely due to the tech-
nical complexity of LILT, despite STEP’s less efficient use 
of the available intestinal wall. While both methods are 
reliable and reproducible, they have technical limitations, 
including specific requirements for the initial configuration 
of the intestinal segment [16, 20]. Alternative approaches 
to modifying a dilated intestine are either limited to small 
clinical case series (e.g., spiral intestinal lengthening 
and tailoring [SILT] [13], double barrel enteroplasty [25], 
transverse flap duodenoplasty [8]) or remain experi-
mental (e.g., distraction enterogenesis [15, 18, 23]) 
or theoretical (e.g., spiral valve formation [24]). In the 
context of autologous intestinal reconstruction surgery 
[9, 22, 28], the Yang–Monti enteroplasty technique, partic-
ularly in its Casale modification, merits consideration [12]. 
This method, widely used in urology, involves incis-
ing the anti-mesenteric edge of a small intestinal seg-
ment with a patterned incision, followed by re-tubular-
ization at an angle to the mesenteric attachment line. 
The resulting segment is both longer and narrower 
(Figure 1).

The study aim was to determine the geometric param-
eters of the intestinal segment that make the Yang–Monti 
enteroplasty, in the Casale modification, suitable for the 
surgical treatment of short bowel syndrome.

The geometric analysis was aimed to:
1. Establish the relationship between the length and 

width of the intestinal segment after enteroplasty and the 
initial dimensions of the segment, as well as the length 
of the transverse incision;

2. Determine the length-to-width ratio of the segment 
that maximizes the effects of enteroplasty (lengthening 
and narrowing);

3. Identify the values of the segment’s length and 
width at which enteroplasty produces an elongated seg-
ment with a width of 20 ± 2 mm compared to the initial 
dimensions.

MATERIALS AND METHODS
A cylindrical surface was used as the object of the 

geometric analysis. This surface was characterized by 
two parameters: length (L) and width (H), where H is de-
fined as half the circumference of the cylinder. Within 
the mathematical modeling framework, the surface was 
assumed to have no thickness and to be inextensible. 
The reduction in surface area due to suturing was dis-
regarded. Only surfaces where the length exceeded the 
width (L > H) were analyzed. The primary enteroplasty 
parameter was the length of the transverse incision (x), 
expressed as a fraction of the initial width of the intes-
tinal segment.

To determine the relationship between the post-
enteroplasty length and width of the intestinal segment 
(L'and H') and its initial dimensions, the unrolled cylindri-
cal surface was analyzed. The surface was transversely 
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Fig. 2. Cylindrical surface net used in calculation
Рис. 2. Используемая в расчетах цилиндрическая поверхность 
и ее развертка

cut along its middle with an incision of length H × x and 
two longitudinal incisions extending from the ends of the 
transverse incision to the edge of the cylindrical surface. 
The resulting width of the intestinal segment (H') was 
calculated as half the distance between points A and B, 
which are aligned during enteroplasty (Figure 2).

Based on the assumption that the surface area of the 
intestinal segment remains constant during enteroplasty, 
the resulting length (L') was calculated as the ratio of 
the initial surface area (L × H) to the resulting width (H').

To determine the length-to-width ratio at which en-
teroplasty is effective, the L:H ratio was analyzed for 
conditions where the length and width of the segment 
remained unchanged after enteroplasty (H' = H; L' = L), 
as well as for conditions where the length and width 
changed by a factor of 1.5–2.5 in increments of 0.5.

To identify the initial values of length and width for 
which the post-enteroplasty segment width would be 
20 ± 2 mm, discrete values of L and H were considered 
in increments of 5 mm. Significant pairs of L and H were 
identified as those for which, when substituted into for-
mulas (1) and (2) (described later), the resulting width H' 
fell within the specified interval. These pairs were further 
restricted by the condition that the initial length L was 
greater than the initial width H. For each significant L and 
H pair, the resulting length (L') was calculated.

RESULTS
The distance between points A and B on the unrolled 

and dissected cylindrical surface corresponds to the 
hypotenuse of the right triangle ABC. The leg AC has a 
length of 2H – 2H × x, and the leg BC has a length of 
1/2 × L. Thus, the width of the intestinal segment after 
enteroplasty (H'), which is half the distance between 
points A and B, can be expressed in terms of L, H, and x 
using the formula:

(1)    H H x
L2 2

2

1
16

.

The resulting length of the intestinal segment after 
enteroplasty (L'), assuming the constancy of the cylin-
drical surface area, can be calculated using the formula:
  

. (2)

From formula (1), it follows that the resulting width 
(H') decreases as the relative length of the transverse 
incision (x) approaches 1. Given that the maximum clini-
cally supported relative length of the transverse inci-
sion is 0.8 (80% of the circumference) [9], subsequent 
calculations assumed x = 0.8. Smaller values of x were 
disregarded.

From formula (2), it follows that the ratio L':L is equal 
to the ratio H:H', meaning that enteroplasty proportion-
ally increases the length and decreases the width of the 
intestinal segment. The ratio L':L = H:H' was designated 
as the “effect of enteroplasty”.

By substituting the values H' = H and x = 0.8 into 
formula (1) and solving the resulting equation for the 
L:H ratio, the required length-to-width ratio of the in-
testinal segment, at which enteroplasty does not alter 
dimensional parameters, was calculated to be 3.92. From 
a practical perspective, enteroplasty is effective if the 
segment’s length exceeds its width by no more than four 
times. The dependence of the resulting parameters of the 
intestinal segment on the initial length, with a constant 
width of 4 cm, is illustrated in Figure 3.

Approximate values of the L:H ratio for specific dis-
crete enteroplasty effect coefficients (1.5, 2.0, 2.5), ob-
tained by substituting these coefficients into formula (1), 
are presented in Table 1.

Thus, enteroplasty demonstrates a significant effect 
(an increase in length and a decrease in width by at least 
1.5 times) when the segment’s length exceeds its width 
by no more than 2.5 times.

By substituting discrete values of L and H into for-
mulas (1) and (2), it was found that for initial segment 
lengths less than 60 mm or greater than 80 mm, as 
well as for initial widths less than 30 mm or greater 

  


L
L H
H
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Fig. 3. Dependency of result bowel segment parameters (L', H') on 
original length (L) with constant width (H = 4 cm). Enteroplasty is 
effective (L' > L) if L < 15,7 (Н × 3,92; arrows)
Рис. 3. Зависимость результирующих параметров сегмента 
кишки (L', H') от исходной длины (L) при константном значе-
нии ширины (H = 4 см). Энтеропластика эффективна (L' > L) 
при значениях L < 15,7 (Н × 3,92; отмечено стрелками)
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Table 1. L : H ratio for certain discrete values of enteroplasty effect
Таблица 1. Значения соотношения L : H для некоторых дискретных величин эффекта энтеропластики

Enteroplasty effect /
Эффект энтеропластики 

Exact value L : H /
 Точное значение L : H 

Average value L : H /
Приближенное значение L : H 

1.5 2.54 : 1 2.5 : 1
2.0 1.83 : 1 2 : 1
2.5 1.38 : 1 1.5 : 1

Table 2. Result bowel segment length in preassigned result width 20 ± 2 mm for discrete original length and width values
Таблица 2. Значения результирующей длины сегмента кишки при заданной результирующей ширине 20 ± 2 мм для дискретных 
значений исходных длины и ширины

Width (H), mm /
Ширина (H), мм 

Length (L), mm / Длина (L), мм

60 65 70 75 80
30 – – 114 114 –
35 – – 130 131 132
40 – 144 146 147 149
45 – 157 160 162 164
50 166 170 174 176 –
55 177 182 186 190 –
60 – 193 198 – –
65 – – 209 – –

than 65 mm, no values satisfying the specified condi-
tions exist. The resulting lengths of the intestinal seg-
ment after enteroplasty, with a specified resulting width 
of H' = 20 ± 2 mm, for initial lengths of 60–80 mm and 
initial widths of 30–65 mm, are presented in Table 2.

DISCUSSION
Our geometric analysis of the Yang-Monti entero-

plasty modified by Casale, applied to short bowel syn-
drome (SBS), demonstrated that the method is effective 
when the segment length is 60–80 mm and the width is 
30–65 mm.

The undeniable advantage of “standard” autologous 
reconstruction methods, such as longitudinal intestinal 
lengthening and tailoring (LILT) and serial transverse 
enteroplasty (STEP), lies in their flexibility regarding the 
maximum length and width of the intestinal segment in-
cluded in the reconstruction zone, as well as the ratio of 
these parameters. However, LILT requires a minimum 
segment length of 40 cm [16], making it unsuitable in 
cases where the total intestinal length is insufficient or 
when reconstructing disconnected short segments. The 
Yang-Monti enteroplasty modified by Casale overcomes 
this limitation. If the intestinal segment length is exces-
sive (exceeding 80 mm), it can be divided into multiple 
parts, followed by enteroplasty and the formation of a 
single intestinal tube, as demonstrated by the successful 
use of this approach in ureteral reconstruction [9, 22]. In 
contrast, STEP enteroplasty requires the intestinal seg-
ment to be dilated to at least 4 cm [20], whereas the 

Yang-Monti enteroplasty can be performed on narrower 
segments, with widths as low as 30 mm.

Thus, the Yang-Monti technique may be appropriate in 
clinical situations where performing LILT or STEP is either 
impossible or impractical, particularly in cases of insuf-
ficient intestinal dilation for STEP. Given the necessity of 
maximizing the efficient use of available intestinal tissue 
during complex reconstructive procedures — especially 
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when multiple previously placed intestinal stomas are 
present [4] — this method can also be employed to re-
configure short intestinal segments before incorporating 
them into a continuous intestinal tube.

We were unable to find data on the use of the Yang–
Monti enteroplasty modified by Casale with subsequent 
incorporation of the reconstructed segment into the di-
gestive canal in either experimental or clinical settings.

Despite the relatively narrow range of conditions for 
applying the Yang–Monti enteroplasty modified by Casale 
in SBS, this technique, if its effectiveness is confirmed in 
in vivoexperimental studies, may be considered a valu-
able auxiliary method in autologous reconstructive pro-
cedures.

CONCLUSION
The Yang–Monti enteroplasty modified by Casale can 

be considered an auxiliary method for intestinal recon-
struction in short bowel syndrome when the intestinal 
segment length is 60–80 mm, the width is 30–65 mm, 
and the length-to-width ratio does not exceed 2.5:1.
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