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The aim of the investigation was to compare the results of using different techniques of combined prosthetic repair in median incisional 
ventral hernias, and develop the assessment criteria for the risk of postsurgical wound complications.

Materials and Methods. we studied the effect of four combination prosthetic repair techniques in 152 patients with median incisional 
ventral hernias w2, w3 and w4: two restorative techniques — onlay (n=38) and sublay (n=17), a reconstructive Belokonev-I technique (n=49) 
and a reparative technique suggested by the authors (n=48). To determine risk factors of postsurgical wound complications we used a multiple 
correlation analysis.

Results. There were no fatal cases. long-term wound exudation was found in 19 of 38 patients (50%) after onlay technique, and in 12 of 
49 (24.5%) — after Belokonev-I technique. The same groups of patients were observed to develop seromas — 12 (31.6%) and 2 (4.1%) cases 
respectively. The best life quality levels were found in patients after sublay technique (it was used in w2 hernias only), the lowest — after onlay 
technique. The life quality levels after Belokonev-I repair and the authors’ technique had no significant differences; they were comparable to 
sublay technique. The developed method for risk assessment of postoperative wound complications enables a surgeon to assess adequately the 
risk level and deal with controllable prognostic factors, namely endoprosthesis type and alloplasty technique.

Conclusion. Combination prosthetic repair by restorative techniques is inappropriate for median incisional ventral hernias w3–w4 
since it causes intra-abdominal pressure increase. An adequate choice of prosthesis type and plasty technique reduces the risk of wound 
complications.
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Prognostic Criteria for wound Complications in Ventral Hernias

Incisional ventral hernias (IVH) develop in 4–15% 
patients after laparotomy, and rank next to inguinal 
hernias. most frequently IVH occur after urgent surgeries, 
among IVH median hernias prevailing [1, 2].

In recent three decades synthetic prosthetic repair is 
a promising direction in IVH treatment [3–5]. And now 
there is the necessity for a very thoughtful analysis of 
the experience gained [6]. The most urgent problems 
now are those related to the need of individual approach 
to prosthetic repair (PR) selection, the development 
of novel techniques, intensive study of short- and 
long-term results, and the prognosis of early wound 
complications [7–9].

The aim of the investigation was to compare 
the results of using different techniques of combined 
prosthetic repair in median incisional ventral hernias, 
and develop the assessment criteria for the risk of 
postsurgical wound complications.

Materials and Methods. The study was based on 
the analysis of the findings and treatment results of 
152 patients with median W2, W3 and W4 IVH, who 
had undergone combined PR. 99 patients had planned 

surgeries (65.1%), 53 (34.9%) — urgent surgeries. There 
were 58 males and 94 females. mean age of patients was 
58.4±9.8 years. W2 hernias were found in 81 patients 
(53.3%), W3 — in 40 (26.3%), W4 — in 31 (20.4%). It 
should be noted that 10 patients (6.6%) had recurrent 
hernias, 3 — relapsing hernias. All patients had hernias 
along median abdominal line; moreover, the proportion 
of epigastrial and epimesogastric hernias was 59.9% 
(91 observations). Among the herniation preceding, 
biliary tract operations were prevailing — 45.4% 
(69 observations). Concomitant diseases in number of 
from 1 to 5 were revealed in 93 patients (61.2%). The 
most prevailing ones were the following: obesity — 88 
(57.9%), hypertensive disease — 72 (47.4%), coronary 
heart disease — 33 (21.7%), bronchopulmonary 
diseases — 30 (19.7%).

In the study we used IVH classification according 
to Chevrel and Rath [10], as well as intra-abdominal 
hypertension (IAH) classification by Burch et al. [11]. For 
patients’ examination we used clinical and anamnestic, 
laboratory, electrocardiographic, ultrasonic techniques, 
and intra-abdominal pressure (IAP) monitoring by Kron 
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et al. [12]. If indicated, we used radiological, endoscopic 
methods and spirography. Patients’ quality of life was 
assessed using sF-36 questionnaire (Ware, 1992), 
which is a universal uniform procedure applied in clinical 
practice and research works.

A total of four techniques of combination PR were 
used, among them there were two restorative techniques: 
38 onlay and 17 sublay observations, a reconstructive 
Belokonev-I technique — 49 observations, and a 
reparative technique suggested by the authors — 48 
observations.

The study complies with the declaration of Helsinki 
(adopted in June, 1964 (Helsinki, Finland) and revised in 
October, 2000 (Edinburg, scotland)) and was approved 
by local Ethics Committee. All patients were informed of 
IVH surgery types, the peculiarities of a postoperative 
period, possible complications, and gave their written 
informed consent to surgery and data analysis.

The essence of the authors’ technique is in the 
following [13]. Herniotomy is followed by a lengthwise 
incision of the anterior walls of rectus sheath of hernia 
orifice full-length by leaving 1/2 of orifice width from the 
edge (Figure 1). The resulted medial flaps of aponeurosis 
without separation from muscles are sutured along 
the lines situated 1.5–2.0 cm away from flap margins 
(Figure 2). A graft is stitched in aponeurotic diastases 
above the abdominal rectus muscle, with graft adjunctive 
fixation to a median line (Figure 3).

а

а в

The technique excludes the necessity to unwrap 
medial leaves of aponeurotic flaps, provides the 
perimeter increase of posterior walls of rectus sheath, 
maintains stability of rectus muscles along the medial 
contour, corrects their lateralization and reconstructs 
an abdominal raphe. Double contour of a graft sutured 
in, and its fixation to the median line provide effective 
strengthening of an abdominal wall.

As a meshed graft we used Prolene and Ultrapro 
meshes (Johnson & Johnson, UsA) and suture material 
Prolene. The patients were operated on under general 
anesthesia. When selecting PR type we took into 
consideration the width of hernia orifices (W criterion), 
an initial IAP level, and its value after test hernia orifice 
contracture, the intensity of muscular aponeurotic 
structure atrophy, the presence of cardiopulmonary 
comorbidity. Table 1 shows the distribution of patients 
by urgency of operations, the size of hernia orifices, 
and a combination PR type. All digital data were 
statistically processed using statistica 6.0 software. The 
reliability of mean values was assessed using student’s 
coefficient, and the accuracy of percentages of two 
samplings — by Fisher’s ratio test. P-values <0.05 were 
considered significant. A correlation coefficient for 
parametric criteria was calculated as Pearson correlation 
coefficient, for nonparametric criteria we used spearman 
rank correlation analysis. The accuracy degree of a 
correlation coefficient was statistically analyzed by 

Figure 1. The first stage of prosthetic repair using the authors’ 
technique: incision of the anterior walls of rectus sheath of hernia 
orifice full-length by leaving 1/2 of orifice width from the edge

Figure 2. The second stage of prosthetic repair using the 
authors’ technique: suturing of medial flaps of aponeurosis 
along the lines situated 1.5–2.0 cm away from flap margins

Figure 3. The third stage of prosthetic repair using the authors’ 
technique: a graft is sutured in aponeurotic diastases, with 
graft adjunctive fixation to a median line

а
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the tables of critical values for the 
given significance values (0.05 or 
0.01). The data were considered 
significant if p0.05.

Results and Discussion. Initial 
IAP level in planned surgery patients 
(Table 2) significantly grew with W 
criterion increase (p<0.05), though 
did not achieve the threshold level 
of stage I IAH (12–15 mm Hg). After 
closing of hernia orifices in W2 
hernias, IAP level slightly increased 
compared to the initial level, but 
the difference was insignificant 
(p>0.05). In W3 hernias the closing 
of hernia orifices was accompanied 
by significant IAP growth up to 
the threshold level of stage I IAH 
(p<0.05), in W4 hernias IAP after closing of hernia 
orifices appeared to be significantly higher compared 
to W3 hernias reaching the final values of stage I IAH 
range (p<0.05).

In urgent patients (Table 3) the initial IAP level was 
significantly higher compared to planned patients, and 
grew with W criterion increase (p<0.05). In W2 hernias 
IAP level did not reached the threshold values of stage I 
IAH, while in W3 and W4 hernias it was within the range 
of stage I IAH values. After closing of hernia orifices in W2 
hernias IAP level increased compared to its initial level 
reaching in some cases a threshold level of stage I IAH, 
though the difference was insignificant (p>0.05). In W3 

T a b l e  1
Distribution of patients by the urgency of surgery, hernia orifices width,  
and the type of combination prosthetic repair

surgery type
Hernia 
orifice 
width

Combined prosthetic repair type
TotalOnlay

technology
sublay

technology
belokonev-I 
technique

Authors’ 
technique

Planned
w2 12 12 12 16 52
w3 8 — 9 9 26
w4 4 — 9 8 21

Total planned surgeries 24 12 30 33 99

urgent
w2 7 5 9 8 29
w3 5 — 5 4 14
w4 2 — 5 3 10

Total urgent surgeries 14 5 19 15 53

Total 38 17 49 48 152

T a b l e  2
Dynamics of intra-abdominal pressure (mm hg) resulted from different prosthetic repair types in elective patients 
(M±m)

IAP
Onlay technology sublay technology belokonev-I technique Authors’ technique

w2 w3 w4 w2 w3 w4 w2 w3 w4 w2 w3 w4

Initial 7.8±0.5 9.3±2.2 10.7±3.2 6.9±0.4 — — 8.3±1.2 10.1±0.8 10.6±1.5 7.8±0.5 10.3±1.3 10.8±1.3

After hernia  
orifices closing

 
8.3±1.1

 
11.8±1.6

 
13.5±1.2

 
7.5±0.6

 
—

 
—

 
8.5±0.8

 
12.8±1.9

 
14.7±1.7

 
8.1±0.3

 
12.8±0.8

 
14.2±1.5

On day 1 8.6±0.8 15.2±1.5 16.7±4.2 7.8±0.2 — — 8.8±0.9 11.4±2.1 13.3±2.7 7.9±0.8 11.3±1.1 12.5±1.8

On day 3 8.5±1.3 14.8±1.8 14.6±2.8 7.4±0.3 — — 8.5±0.9 11.0±0.7 11.2±2.1 7.8±0.2 10.3±1.9 10.6±0.9

T a b l e  3
Dynamics of intra-abdominal pressure (mm hg) resulted from different prosthetic repair types in urgent patients (M±m)

IAP
Onlay technology sublay technology belokonev-I technique Authors’ technique

w2 w3 w4 w2 w3 w4 w2 w3 w4 w2 w3 w4

Initial 11.1±2.2 12.1±1.2 14.4±0.7 10.2±0.3 — — 10.5±0.3 13.5±1.4 14.9±1.2 9.8±0.8 12.5±2.3 13.9±0.8

After hernia  
orifices closing

 
12.5±0.7

 
13.4±0.5

 
15.5±0.6

 
11.5±0.7

 
—

 
—

 
10.9±0.7

 
15.1±1.5

 
17.1±0.8

 
10.3±1.1

 
14.9±0.8

 
16.6±0.9

On day 1 13.3±1.7 16.3±0.8 21.4±0.8 12.2±0.2 — — 11.3±0.5 14.8±2.3 16.3±1.2 10.8±1.2 13.3±1.9 16.8±1.7

On day 3 10.6±0.8 15.1±0.9 17.5±1.6 10.8±0.3 — — 10.9±0.4 13.9±0.7 15.7±0.8 10.3±0.7 12.2±1.6 14.1±1.2

hernias the closing of hernia orifices was accompanied 
by IAP growth up to stage I IAH, while in W4 hernias — 
up to stage II IAH (16–20 mm Hg) (p<0.05).

Relying on the findings we performed restorative 
PR according to onlay technique in 13 patients with 
W3 hernias (8 planned and 5 urgent patients) and 
in 6 patients with W4 hernias (4 planned and 2urgent 
patients) with marked atrophy of muscular aponeurotic 
structures, and no cardiopulmonary comorbidities. 
However, a postoperative IAP monitoring showed that 
after the termination of muscle relaxant action and 
postanesthetic recovery, IAP in these patients rose 
sharply. In W3 hernias on day 1 IAP level reached its 

Prognostic Criteria for wound Complications in Ventral Hernias
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breakpoint, between stages I and II IAH, on day 3 it 
was within the range of stage I IAH in both planned and 
urgent patients (p<0.05). In elective patients with W4 
hernias on day 1 IAP increased up to stage II, in urgent 
patients — up to stage III (20–25 mm Hg), and on day 3 
it corresponded stages I and II IAH (p<0.05). And only in 
W2 hernia patients regardless the repair type on day 1 
IAP level did not differ significantly from that after closing 
of hernia orifices (p>0.05), and on day 3 it was near the 
initial level in both elective and urgent patients.

A different situation arose with postoperative IAP 
values in W3 and W4 hernia patients after PR according 
to Belokonev-I technique and a technique suggested by 
the authors. After closing of hernia orifices, as has been 
mentioned above, IAP significantly increased, but on 
the first postoperative day it decreased, and reached its 
initial level on day 3 (p<0.05).

The analysis of perioperative IAP monitoring results 
showed that when choosing a restorative PR type in 
W3 and W4 hernias it is unreasonable to rely on IAP 
indices after hernia orifice closure, since these indices 
are significantly lower than postoperative ones due to 
complete muscle relaxation of a patient under anesthesia. 
IAP monitoring showed that in W3 and W4 hernias it was 
a restorative tension PR. moreover, the monitoring data 
enable to select reasonably the technique suggested 
by the authors, as well as Belokonev-I technique as 
tension-free techniques.

Thus, it is our opinion that, when selecting PR type, 
one should take into account the following three main 
factors: the width of hernia orifices (W criterion), the 
atrophy intensity of muscular aponeurotic structures, 
the presence of cardiopulmonary comorbidities, and 
refuse completely to use restorative techniques in W3 
and W4 hernias, except the cases with W2 hernias. It 
is common knowledge that cardiopulmonary diseases 
or their presentations in past history, as well as low 
respiratory function in W2 hernias are contradictions 
to restorative PR. In such cases reconstructive or 
reconstructive restorative PR is indicated, just as in W3 
and W4 hernias.

In our study the intensity of muscular aponeurotic 
atrophy was assessed visually and by palpation. In 
restorative PR we took atrophy intensity into consideration 
when choosing the graft placement technology. In marked 
aponeurosis thinning, and its tendency to dissociation 
we applied onlay technology, in case there were no 
marked atrophic changes we gave preference to sublay 
technology. In reconstructive or reconstructive restorative 
PR the intensity of tissue (primarily, rectus muscle 
tissue) atrophy had an impact on the choice of repair 
type — we had to take into account the recovery rate of 
abdominal wall anatomy. In case of marked changes we 
gave preference to reconstructive repair by Belokonev-I, 
if there were no changes — we applied reconstructive 
restorative PR using the authors’ technique.

There were no lethal cases among the patients. An 
early postoperative period was assessed by wound 
exudation duration, drain removal time, the development 
of wound complications, and the length of hospital stay 
(Table 4).

We used PR according to sublay technology only 
in W2 hernias without paraprosthetic space draining, 
other cases required draining. After PR according to the 
suggested method, wound discharge, drain removal time 
and the length of hospital stay were significantly lower 
than after Belokonev-I technique and onlay technology 
(p<0.05). Long wound exudation as a complication was 
found in 19 of 38 patients (50%) after PR according to 
onlay technology, and in 12 of 49 patients (24.5%) — 
according to Belokonev-I technique, while there was 
no long wound exudation after the suggested repair 
technique. seromas also developed in these groups, 
in 12 (31.6%) and 2 (4.1%) patients respectively. All 
cases of seromas required repeated centesis of anterior 
abdominal wall followed by the content evacuation, 
prolonged banding, physiotherapy administration, and 
in three cases after PR according to onlay technology — 
repeated vacuum draining. A wound abscess developed 
in 2 patients also after PR according to onlay technology, 
and required antibiotic therapy and surgical treatment of 
wound.

T a b l e  4
The course of wound complications of postoperative period after prosthetic repair (M±m)

Parameter
Onlay 

technology 
(n=38)

sublay 
technology 

(n=17)

belokonev-I 
technique 

(n=49)

Authors’ 
technique 

(n=48)

Average wound discharge per day (ml) 98.5±3.2 — 75.4±1.6 51.2±1.3

Average drain removal time (days) 14.1±0.3 — 9.8±1.7 5.4±0.6

long wound exudation (absolute number/%) 19/50.0 — 12/24.5 —

Seroma (absolute number/%) 12/31.6 — 2/4.1 —

Pus formation (absolute number/%) 2/5.3 — — —

length of hospital stay (days) 18.7±2.3 10.2±1.6 17.2±1.3 13.2±0.4

R.V. Golovin, N.А. Nikitin
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After discharge from hospital, temporal disability in 
patients after onlay technology was 36.0±3.2 days, 
after sublay repair — 25.4±2.5 days, after Belokonev-I 
techniques and the authors’ method — 32.2±1.2 days. 
The shorter periods of temporary disability in patients 
after sublay technology are due to the fact that this 
technique is used in W2 hernias only, and results in no 
wound complications.

We studied long-term results and the quality of 
life according to sF-36 questionnaire in 148 patients 
(97.3%) over the period of 1–3 years (Table 5). The 
patients after sublay technique appeared to have the 
highest life quality parameters. The lowest indices were 
observed in patients after hernia repair according to 
onlay technology. Life quality indicators of patients after 
PR according to Belokonev-I technique and a novel 
technique had no significant difference (p>0.05). These 
techniques had no significant differences with sublay 
technology in life quality parameters as well (p>0.05). 
They significantly differed from onlay technology, both in 
general, and in some parameters (p<0.05).

muscular tissue, in contrast to aponeurosis, is known 
to have high resorptive characteristics. The more the 
prosthesis-muscle contact surface, the more pronounced 
exudate resorption processes [14, 
15]. Reasoning from this fact, we 
measured general wound surface 
area (sw) and exposed muscle 
area (sm) in PR according to 
Belokonev-I technique (35 ob-
servations) and according a new 
technique (41 observations). 
The area ratio was taken as a 
resorptive activity coefficient (К). 
During onlay technique muscular 
structures are not exposed, and 
a graft contacts with aponeurotic 
tissue only, К always being equal 
to 0. In PR according to sublay 
technology a graft is placed sub- 
or retromuscularly, and all its 
surface contacts with muscular 
tissue, К being equal to 1. In 
Belokonev-I technique К was 
0.35±0.027 (the range from 0.26 
to 0.43), when a novel technique 
was used K was 0.73±0.016 
(the range from 0.68 to 0.83). 
The coefficient value enables to 
assess the preventive significance 
of a technique used with relation 
to possible development of long 
wound exudation and seromas.

To establish reliable and 
available risk criteria of developing 
long wound exudation and sero-
mas, we carried out a multiple 

correlation analysis of indices in a patient group, and 
developed scoring of complication risk prognosis [16]. 
Each patient was assessed by 17 parameters. According 
to the calculation data: if a correlation coefficient was 
from 0.6 to 0.9, the relation between the compared 
parameters was strong, if a coefficient was lower or 
negative — the relation was weak, in a zero correlation 
coefficient — impossible.

The relationship between the following six factors 
appeared to be significant: hernia duration, hernia orifice 
width (W criterion), endoprosthetic area, endoprosthetic 
type (density), PR technique, resorptive activity 
coefficient value (К). To develop a score assessment 
system of the risk of developing long wound exudation 
and seromas, each sign was assigned a score ranging 
from 1 to 3 due to its intensity (Table 6).

Among 81 patients with scores in the range from 6 to 
10 (m±m — 9.3±0.4) none wound complications were 
found. Long wound exudation developed in 31 (54.4%) 
of 57 patients with scores from 11 to 14 (m±m — 
13.8±0.9). All 14 patients with scores ranging from 15 to 
18 (m±m — 16.5±1.2) were recorded to have seromas. 
Therefore, the values in the range from 6 to 10 scores 
should be interpreted as a low risk interval; from 11 to 

T a b l e  5
Quality of life in patients with incisional ventral hernias after combination  
prosthetic repair plasty (SF-36 questionnaire) (M±m)

sF-36 Questionnaire criteria

Combination prosthetic repair type

Onlay 
technology

(n=38)

sublay 
technology

(n=15)

belokonev-I 
technique 

(n=48)

Authors’ 
technique

(n=47)

Physical functioning (Pf) 58.3±3.7 83.1±6.3 69.5±5.2 75.8±2.2
Role-physical functioning (RP) 62.1±1.2 69.4±2.5 68.4±7.2 72.3±5.1
Bodily pain (BP) 53.2±2.1 91.3±3.4 84.3±6.8 88.3±1.5
General health (GH) 61.8±4.7 69.6±1.8 66.0±5.7 69.1±4.3
Vitality (VT) 52.3±1.3 76.8±4.3 70.1±5.3 75.3±1.8
Social functioning (Sf) 62.3±1.2 79.2±3.4 67.2±7.9 70.2±5.3
Role-emotional (RE) 54.1±1.5 69.5±1.2 68.3±6.8 75.1±1.4

Mental health (MH) 55.7±1.3 78.6±4.5 69.5±3.2 69.3±1.5

T a b l e  6
Risk assessment of developing long wound exudation and seromas in patients 
with incisional ventral hernias after combination prosthetic repair plasty

Factor
Correlation 
coefficient

scores

1 2 3

Hernia duration 0.65 under  
5 years

>5 years >5 years + 
recurrence

width of hernia orifices (w) 0.73 w2 w3 w4

Implant type (density) 0.71 g/m2 30–70 g/m2 70–100 g/m2 100 g/m2

Endoprosthesis area 0.61 cm2 About 225 cm2 225–400 cm2 400 cm2

Repair technique 0.9 Sublay Tension-free Onlay

Resorption activity coefficient (K) 0.85 0.6–1.0 0.3–0.6 0–0.3

Prognostic Criteria for wound Complications in Ventral Hernias
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14 — a moderate risk interval; from 15 to 18 — a high 
risk interval for developing long wound exudation and 
seromas.

The suggested score system to assess the risk 
of developing long wound exudation and seromas in 
patients with IVH let a surgeon deal with 3 of 6 factors: 
endoprosthesis type, PR technique, and a resorptive 
activity coefficient (К) related to PR type. Adequate 
selection of prosthetic material and PR technique 
increasing a resorptive activity coefficient (К) will contribute 
to the risk reduction of wound complication development.

Conclusion. The selection of a prosthetic repair 
technique in patients with incisional ventral hernias should 
be based on the consideration of hernia orifice width 
(W criterion), atrophy intensity of muscular aponeurotic 
structures, and the presence of cardiopulmonary 
pathology. In median hernias W3–W4 a surgeon should 
refuse combined restorative hernia repair, and there will 
be no need to monitor perioperative intra-abdominal 
pressure. These techniques are indicated to patients with 
W2 hernias only, providing that they have no concurrent 
cardiopulmonary diseases. sublay technology is to be 
a method of choice in such patients. The use of onlay 
technology is to be limited due to marked atrophic 
changes of muscular aponeurotic structures. Patients 
with W2 hernias and concurrent cardiopulmonary 
diseases, as well as all patients with W3–W4 hernias are 
indicated combined reconstructive prosthetic repair. The 
suggested prognostic method of wound complication 
development enables a surgeon to assess adequately 
the risk level and intentionally deal with controlled 
prognosis factors, as follows: endoprosthesis type, repair 
technique, and a resorptive activity coefficient related to 
prosthetic repair type.

Study Funding. The study was funded by the 
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