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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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RESULTS OF PANCREATODUODENECTOMY DEPENDING ON THE PANCREATIC GLAND 
TEXTURE AND PANCREATIC DUCT DIAMETER
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Relevance. Successful pancreatoduodenal resection was first 
reported by Whipple in 1935 for the treatment of periampullary 
tumor [1], however this procedure has only been widely used 
since 1990 due to previously high mortality. Nowadays, the 
postoperative mortality observed in experienced surgical centers 
has declined from 25% in the 1960s to less than 3%. Survival of 
patients after surgical treatment can be determined by various 
factors, such as modern surgical technique, adjuvant therapy, 
early diagnosis, and accurate pre-surgical staging [2]. Whipple 
procedure (WP) remains the only radical method of treatment 
for the periampullary cancers.

Unfortunately, only about 10-20% of patients with pancreatic 
tumors are operable and amenable to surgical resection [3].

Pancreatic fistulas continue to be the main cause of postoperative 
morbidity and prolonged hospital stay after pancreatoduodenal 
resection. Risk factors for the development of pancreatic 
fistula include soft pancreas, small pancreatic duct, pathology, 
decreased regional blood supply, and surgeon experience [4-11]. 
The experience of the surgeon and the choice of anastomosis, 
which are considered the most important controlled factor, 
mostly influence the development of postoperative pancreatic 
fistulas among the other factors [12,13]. 

Postoperative pancreatic fistulas (POPF) are the most common 
and serious complications after pancreatoduodenectomy 
(PD). In the last decade, despite the improvement of surgical 
techniques, the incidence of postoperative pancreatic fistulas 
in large central hospitals is still 5-30% [14-16]. In 2005, the 
International Study Group of Pancreatic Fistula (ISGPF) 
formulated a standard for diagnosis and classification [17], 
which is widely used in scientific discussions and clinical 
practice. In 2016, the International Study Group for Pancreatic 
Surgery (ISGPS) has updated the diagnosis and classification of 
pancreatic fistulas [18], emphasizing the clinical significance of 
pancreatic fistulas, where the original A-level pancreatic fistula 
is defined as biochemical leak, but is no longer diagnosed as a 
pancreatic fistula.

The risk of developing pancreatic fistulas depends on the 
texture of the residual pancreas (hard, soft), on the main 
pancreatic duct diameter (dilated, not dilated), on the vascular 
system of the pancreas (preserved, not preserved), the technique 
of forming pancreatic anastomosis [19].

The incidence of POPF is determined by several factors, 
including body mass index (BMI), gender, age, neoadjuvant 
treatment, histological diagnosis of the tumor, gland texture, 
pancreatic duct diameter, as well as the type of pancreatic 
anastomosis or the use of silastic catheter [20-27].

Objective. The main purpose of this study was to conduct 
retrospective clinical analysis of patients with malignant tumor of 
the periampullary zone who underwent pancreatoduodenectomy 

and to evaluate the development of pancreatic fistulas in the 
postoperative period depending on the texture of the pancreas 
and pancreatic duct diameter. 

Materials and methods. In the period from 2016 to 2021, 
502 patients were diagnosed with periampullary tumor at 
National Scientific Center of Surgery named after A.N. 
Syzganov. 394 (78.4%) patients received only palliative 
interventions or symptomatic therapy due to inoperability. 
104 patients with malignant periampullary tumors underwent 
pancreatoduodenectomy and 4 patients underwent total 
pancreatectomy. All patients were divided into two groups 
depending on the pancreatic tissue texture, 58 (53.7%) patients 
had soft texture of pancreas, 50 (46.3%) patients had hard texture. 
Moreover, patients were divided into 3 groups depending on the 
pancreatic duct diameter: in the first group the diameter was up 
to 3 mm – 58 (53.7%) patients, in the second group from 3 to 5 
mm – 27 (25.0%) patients, in the third group more than 5 mm – 
23 (21.3%) patients.

The average age of operable patients was 57.3 (32-77) years. 
Mostly men predominated: 63 patients (64.5%) were men, 45 
patients (37.5%) were women. According to the localization of 
tumors, the largest number occurred in the area of the pancreatic 
head in 62 patients, in the area of major duodenal papilla in 37 
patients, terminal portion of the common bile duct in 5 patients, 
in the area of the duodenum in 4 patients. According to the 
etiology of tumors, adenocarcinoma occurred in 97 patients, 
neuroendocrine tumor in 5 patients and benign tumors in 6 
patients (Table 1).     

Table 1. General preoperative characteristics of patients
Total n =108

Age 57.3 (32-77)
Gender (male/female) 63/45
Localization
Pancreatic head 62 (57.4%)
Major duodenal papilla 38 (35.2%)
Terminal portion of the common bile duct 5 (4.6%)
    Duodenum 3 (2.8%)
    Vein invasion: 21 (19.4%)
    Portal vein 14 (12.9%)
    Superior mesenteric vein 7 (6.5%)
Etiology
    Adenocarcinoma 97 (89.8%)
Neuroendocrine tumor 5 (4.6%)
    Benign tumors 6 (5.6%)

Anastomoses were formed sequentially on one loop 
of the small intestine: pancreatojejunoanastomosis, 
hepaticojejunoanastomosis and gastroenteroanastomosis. 
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Pancreatic duct stents were used in pancreatojejunoanastomosis 
with the pancreatic duct diameter less than 5.0 mm. Application 
pancreatic duct stents did not reduce the risk of POPF and 
other complications after pancreaticoduodenectomy compared 
with no stents [40]. The common hepatic duct was sutured into 
the jejunum end-to-side with a single-row interrupted suture 
without frame draining with PDS – 5-0 thread. Synthetic non-
absorbable suture material “prolene” 4-0 was used for intestinal 
anastomoses and absorbable synthetic suture material “PDS” 
was used for ductal anastomoses (pancreatojejunoanastamosis 
and hepaticojejunoanastamosis).

Results.The results of postoperative complications of patients 
depending on the state of the pancreas are shown in Table 2. 
In the first group, postoperative complications were observed 
in 46 (42.6%) patients, compared to the second group with 17 
(15.8%) patients. Pancreatic fistulas were observed among 27 
(25.0%) patients in two groups, where the majority of cases 
occurred with soft gland in 20 (18.6%) patients than with hard 
gland in 7 (6.4%) patients.

Also, soft glandular pancreatitis of the stump was observed 
in 11 (10.2%) cases, hard glandular pancreatitis was only in 4 
(3.7%) cases. Lymphorrhea – 4 (3.7%), of which 3 (2.8%) cases 
were observed in the first group, 1 (0.9%) case was observed in 
the second group. Gastrostasis and wound eventration occurred 
by 3 cases (2.8%) in each group. Only 4 (3.7%) cases of hospital 
mortality were observed in patients with soft pancreatic gland. 
Bleeding and relaparotomy were observed only in the first 
group: bleeding – 3 (2.8%) cases, relaparotomy – 3 (2.8%) 
cases. Gastric perforation was observed only in 1 (0.92%) 
patient of the second group.

Table 2. Characteristics of postoperative complications 
depending on the pancreatic texture
Types of 
complications 
n=63 (58.4%)

Soft
n=46 (42.6%)

Hard
n=17 (15.8%) p value

Pancreatic fistula 20 (18.6%) 7 (6.4%) P<0.04
    Pancreatitis of 
the      stump 11 (10.2%) 4 (3.7%) n/v

       
Lymphorrhea 3 (2.8%) 1 (0.9%) n/v

Gastrostasis 1 (0.9%) 2 (1.9%) n/v
    Wound 
eventration 1 (0.9%) 2 (1.9%) n/v

Bleeding 3 (2.8%) - -
Relaparotomy 3 (2.8%) - -
   Gastric 
perforation - 1 (0.9%) -

    Hospital 
mortality 4 (3.7%) - -

The results of postoperative complications of patients 
depending on the pancreatic duct diameter are shown in Table 
3. According to Table 3, large number of patients were observed 
in the first group – 58 (53.7%) cases, in the second group – 
27 (25.0%) patients, in the third group – 23 (21.3%) patients. 
Pancreatic fistulas were observed in 16 (27.5%) patients of the 

first group, in 8 (29.6%) patients of the second group and in 3 
(13.04%) patients of the third group. 3 (5.17%) cases of hospital 
mortality were observed in the first group, 1 (3.7%) in the 
second group case, and the third group had no lethal outcomes.  

Table 3. Characteristics of postoperative pancreatic fistulas 
and mortality depending on the pancreatic duct diameter

 PD up to 3 
mm

PD from 3 
to 5 mm

PD more 
than 5 mm p value

Quantity 58 (53.7%) 27 (25.0%) 23 (21.3%)
Pancreatic 
fistula 16 (27.5%) 8 (29.6%) 3 (13.04%) p>0.048

Hospital 
mortality 3 (5.17%) 1 (3.70%) -

In our observations, we also compared the ratio of the dilation 
of the pancreatic ducts depending on the pancreatic texture that 
are shown in Table 4. According to the table, among the patients 
with soft glandular tissue, the dilation of the pancreatic duct less 
than 3 mm was 67.2% of patients and greater than 3 mm was 
32.8% of patients. Also, among the patients with hard glandular 
tissue, the pancreatic duct diameter less than 3 mm was 32.0%, 
with a diameter of more than 3 mm was 68.0%. 

Table 4.  The ratio of patients depending on the pancreatic duct 
diameter and the pancreatic texture.

Number 
n=108

PD diameter 
up to 3 mm

PD diameter 
more than 3 mm

Soft texture 58 39 (67.2%) 19 (32.8%)
Hard texture 50 16 (32.0%) 34 (68.0%)

Overall, 3-year survival after Whipple procedure was in the 
range of 47.2%, 1-year survival was 62.5% (Fig 1).

Fig. 1.  Overall survival of patients after. Whipple procedure

Discussion. Pancreatoduodenal resection is the standard 
surgical operation for periampullary tumors [28]. The most 
frequent and severe complication after pancreatoduodenal 
resection is the postoperative pancreatic fistula [29,30,31,32]. 

Risk factors for pancreatic fistulas are general factors (age, 
gender, jaundice, overeating), disease factors (pancreatic 
pathology, pancreatic gland texture, pancreatic duct size) 
and intraoperative factors (operation time, type of resection, 
anastomosis technique, intraoperative blood loss) [33].
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According to literature data, pancreatic fistulas after 
pancreatoduodenal resection occur in up to 5-30% of cases 
in world practice [14-16]. We consider that the development 
of pancreatic fistulas depends more on the pancreatic texture 
and the pancreatic duct diameter. The soft pancreas and small 
diameter of the pancreatic duct are the main risk factors for the 
development of pancreatic fistulas [33] (Table 5).

Table 5.  Literature data on pancreatic fistulas depending on 
the pancreatic duct diameter and pancreatic texture. (PD– 
pancreatic duct)

Quantity Pancreatic fistula
Yang YM et al (2005) 
[34]

Hard gland
Soft gland

PD diameter    ≥3
                        <3

62

34 (54.8%)
28 (45.2%)

41 (66.2%)
21 (33.8%)

10 (16.1%)

1 (1.6%)
9 (14.5%)

2 (3.2%)
8 (12.9%)

Grobmyer et al (2010) 
[35]

Hard gland
Soft gland

PD diameter     ≥3
                         <3

187

97 (51.8%)
90 (48.2%)

109 (58.2%)
78 (41.8%)

38 (20.3%)

10 (5.3%)
28 (14.9%)

17 (9.1%)
21 (11.3%)

Oda et al (2015) [36]

Hard  gland
Soft gland

PD diameter       ≥3
                           <3

156

67 (42.9%)
89 (57.1%)

81 (51.9%)
75 (48.1%)

45 (28.8%)

6 (3.8%)
39 (25.0%)

16 (10.2%)
29 (18.6%)

Kojima et al. (2018). 
[37]

Hard gland
Soft gland

PD diameter      ≥3
                          <3

374

173 (46.2%)
201 (53.8%)

185 (49.4%)
189 (50.6%)

72 (19.3%)

8 (2.2%)
64 (17.2%)

27 (7.3%)
45 (12.1%)

Our observations 
(2021)

Hard  gland
Soft gland

PD diameter     ≥3
                         <3

108

50 (46.3%)
58 (53.7%)

61 (56.4%)
47 (43.6%)

27 (25%)

7 (6.5%)
20 (18.5%)

11 (10.2%)
16 (14.9%)

The first risk factor for pancreatic fistulas is the soft pancreatic 
texture. With soft gland, the development of pancreatic 

fistulas ranges from 60-90% [34-37]. Yang YM et. al in their 
observations describe that the frequency of pancreatic fistulas 
with soft gland was up to 90%, Grobmyer et al describe up to 
73.6%, Oda et al up to 86.0%, Kojima et al up to 88.9%. 

Soft pancreatic parenchyma is the most widely recognized 
risk factor for pancreatic fistula [38,39]. The soft pancreas is 
more prone to ischemia and injury, and the sutures will erupt. 
Subsequently, soft texture leads to acute pancreatitis of the 
pancreatic stump (after surgery) and will lead to the failure of 
pancreatojejunoanastomosis and pancreatic fistula.  

The development of pancreatic fistulas is less with hard gland 
than with soft gland. The frequency of pancreatic fistula in hard 
gland ranges from 10-30% [34-37]. Yang YM et. al describe 
that the incidence of pancreatic fistula with hard gland was up 
to 10%, Grobmyer et al describe up to 26.4%, Oda et al up to 
13.4%, Kojima et al up to 11.1%. 

The hard pancreatic texture after pancreatoduodenal resection in 
patients facilitates the formation of pancreatojejunoanastomosis, 
while the soft and loose pancreatic parenchyma makes it difficult 
to apply the anastomosis [38,39].

 In our observation, depending on the pancreatic texture, 
pancreatic fistula was more common in 74.1% of cases with soft 
gland than in 25.9% of cases with hard gland, where a statistical 
difference was found (P<0.04).

The second risk factor for pancreatic fistulas is the small 
diameter of the pancreatic duct. According to world statistics, 
the frequency of pancreatic fistulas of the small diameter 
pancreatic duct is higher compared with large diameter of the 
pancreatic duct. The frequency of pancreatic fistulas ranges 
from 50-80% among the patients with small diameters of the 
pancreatic duct [34-37].

In our observation, the frequency of pancreatic fistulas, 
depending on the diameter of pancreatic duct, was significantly 
different in small ducts (diameter up to 3.0 mm) than in larger 
ones, a statistical difference was detected (P<0.048).

 In 68.0% of cases the pancreatic duct is dilated when the 
pancreatic gland is hard. We consider that the tumor constricts the 
main pancreatic duct, therefore the pancreatic duct will expand 
and contribute to the development of secondary pancreatitis 
(due to pancreatitis, the pancreatic texture will change from soft 
(normal) to hard texture).

Conclusion. Thus, the efficiency of pancreatojejunoanastomosis 
formation depends on the pancreatic texture and the pancreatic 
duct diameter. Pancreatic fistula after pancreatoduodenal 
resection with soft gland texture was observed more frequently 
than with hard gland texture, also pancreatic fistula developed 
two times more with a pancreatic duct diameter of < 3.0 mm 
than diameter of > 3.0 mm. 
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Abstract. Objective. The main purpose of this study was to 
conduct retrospective clinical analysis of patients with malignant 
tumor of the periampullary zone who underwent Whipple 
procedure surgery depending on the pancreatic thickness and 
pancreatic duct diameter and to assess the development of 
pancreatic fistulas in the postoperative period.

Materials and methods. A retrospective review was performed 
to 108 patients with resectable periampular zone tumors. 
All patients were divided into two groups depending on the 
pancreatic thickness, 58 (53.7%) patients in soft thickness, 50 
(46.3%) patients in hard thickness. 

Results. In two groups, pancreatic fistulas were observed 
in 27 (25.0%) patients, where the majority of cases occurred 
with soft gland in 20 (18.6%) patients than with hard gland 
in 7 (6.4%) patients. Conclusion. Thus, the efficiency of 
pancreatojunoanastomosis formation depends on the pancreatic 
thickness and the pancreatic duct diameter. Pancreatic fistula 
after pancreatoduodenal resection was more observed with soft 
gland than with hard gland, and with a pancreatic duct diameter 
of more than 3.0 mm, pancreatic fistula developed 2 times less 
than with a diameter of less than 3.0 mm.

Keywords: Whipple procedure, postoperative pancreatic 
fistula, pancreatoduodenectomy, pancreatic duct.
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РЕЗЮМЕ
Результаты панкреатодуоденальной резекции в 

зависимости от консистенции поджелудочной железы и 
калибра панкреатического протока.

Досханов М.О., Тилеуов С.Т., Баймаханов Б.Б., Баймаханов 
Ж.Б., Серикулы Е.

Национальный научный центр хирургии им. А.Н. 
Сызганова, отделение гепатопанкреатобилиарной хирургии 
и трансплантации печени. Алматы, Казахстан.

Цель. Проведение ретроспективного клинического 
анализа пациентов со злокачественными опухолями 
периампулярной зоны перенесших операцию ГПДР в 
зависимости от консистенции поджелудочной железы 

и калибра панкреатического протока и оценка развития 
панкреатических свищей в послеоперационном периоде.

Материалы и методы. Всего было исследовано 108 
операбельных больных с опухолями периампулярной 
зоны. Все пациенты были распределены по двум группам 
в зависимости от консистенции поджелудочной железы, в 
мягкой консистенции 58 (53,7%), в плотной консистенции 
50 (46,3%). 

Результаты. В первой группе послеоперационные 
осложнения больше наблюдались у 46 (42,6%) пациентов, 
по сравнению со второй группой у 17 (15,8%) пациентов. 
В двух группах панкреатические свищи наблюдались у 27 
(25,0%) пациентов, где большинство случаев встречалось 
при мягкой железе у 20 (18,6%) пациентов, чем при плотной 
железе у 7 (6,4%) пациентов. 

Заключение. Панкреатический свищ после 
панкреатодуоденальной резекции больше наблюдался при 
мягкой железе больше, чем при плотной железе, а также при 
диаметре панкреатического протока более 3,0 мм развился 
панкреатический свищ 2 раза меньше, чем при диаметре 
менее 3,0 мм.   

 Ключевые слова: гастропанкреатодуоденальная 
резекция, послеоперационный панкреатический свищ, 
панкреатодуоденэктомия, панкреатический проток.
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