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chirurgicala frecventa, posibilitatea aparitiei complicatiilor rAméane
prezenta. Utilizarea drenajelor pentru a preveni complicatiile este
un subiect de dezbatere, cu dovezi contradictorii. Acest studiu isi
propune sa evalueze asocierea dintre utilizarea drenajelor si
complicatiile postoperatorii in cura chirurgicala a herniei ventrale.
Materiale si Metode: Un studiu prospectiv desfigurat intr-un
singur centru a inclus pacienti care au suferit o reparare a herniei
ventrale in perioada 2018-2022. Datele pacientilor si tehnicile
chirurgicale au fost inregistrate. S-a efectuat o analiza statistica
pentru a evalua factorii de risc pentru insertia drenajului si
complicatii.

Rezultate: Din cei 216 pacienti inclusi, 19,44% aveau diabet zaharat,
iar 20% aveau neoplazii. Complicatii postoperatorii (Clavien Dindo >
gradul IIIB) au aparut in 9,3% dintre cazuri, conducand la o
mortalitate de 3,7%. Factorii decizionali pentru insertia drenajului
au inclus varsta mai inaintatd, dimensiunea mai mare a herniei,
rezectia intestinala cu anastomoza, prezentarea in urgenta si
necesitatea adeziolizei. Nu s-au gasit diferente intre cele doua
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grupuri in ceea ce priveste incidenta seromului si hematoului si infectia plasei. Pacientii cu
drenaje au avut o durata de spitalizare mai lunga si costuri mai mari.

Concluzie: Decizia de a utiliza drenaje in cura herniei ventrale a fost influentata de factorii de
complexitate chirurgicald mai degraba decat de caracteristicile pacientului. Cu toate ca utilizarea
drenajelor nu a corelat cu morbiditatea postoperatorie, a fost asociata cu o spitalizare mai lunga si
costuri mai mari. Luarea deciziilor individualizate este cruciala pentru echilibrarea complicatiilor
g1 utilizarii resurselor in repararea herniei ventrale.

Cuvinte cheie: repararea herniei ventrale, drenaje, complicatii, factori de risc, spitalizare, costuri

Abstract

Background: While ventral hernia repair is a frequent surgical intervention, the possibility of
complications remains present. The use of drains to mitigate complications is a topic of debate, with
conflicting evidence. This study aimed to evaluate the association between drain usage and post-
operative complications in ventral hernia repair.

Materials and Methods: A single-center prospective study included patients undergoing ventral
hernia repair from 2018 to 2022. Patient data and surgical techniques were recorded. Statistical
analysis was performed to assess risk factors for drain insertion and complications.

Results: Of the 216 patients included, 19.44% had diabetes, and 20% had cancer. Postoperative
complications (Clavien Dindo > grade IIIB) occurred in 9.3% of cases, resulting in a 3.7% mortality.
Decision factors for drain insertion included older age, larger hernia size, bowel resection with
anastomosis, emergency setting and the need for adhesiolysis. No differences were found between
the two groups regarding seroma and hematoma formation and mesh infection. Patients with
drains had a longer hospital stay and higher costs.

Conclusion: The decision to use drains in ventral hernia repair was influenced by surgical
complexity factors rather than patient characteristics. While drain usage did not correlate with
postoperative morbidities, it was associated with longer hospitalization and higher costs.
Individualized decision-making is crucial to balance complications and resource utilization in
ventral hernia repair.

Key words: ventral hernia repair, drains, complications, risk factors, hospitalization, costs

Introduction

Ventral hernia repair is a commonly per-
formed surgical procedure aimed at correcting
defects in the abdominal wall. It involves the
closure of the hernia defect and most often,
reinforcement with a mesh to provide strength
and support to the weakened area. Ventral
hernias can result from various causes,
including previous surgical incisions, trauma,
or congenital weakness in the abdominal wall.
They can cause discomfort, pain, and functional
limitations, and surgical repair is the mainstay
of treatment in all cases (1).

Despite advancements in surgical tech-
niques, approaches, and materials, ventral
hernia repair is associated with complications.
These complications include wound infections,
seromas, hematomas, and mesh-related
complications such as mesh infection, mesh
displacement, recurrence, mesh erosion (1).
Such complications not only prolong recovery,
but also increase healthcare costs and may
require further interventions (2). Therefore,
strategies to minimize these complications
and improve outcomes are of paramount
importance.

One approach to mitigate some complica-
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tions in ventral hernia repair is the use of
drains (3). Drains are typically placed in the
surgical site to prevent seroma or hematoma,
reduce dead space, and facilitate wound
healing. Additionally, drains may aid in the
early detection of infection, enabling timely
intervention, although drains can also lead to
infection by themselves. However, the use of
drains in ventral hernia repair remains a topic
of debate, with conflicting evidence regarding
their efficacy and potential risks (3-5).

Current literature trends have shown a
growing interest in understanding the role of
drains in ventral hernia repair (3,6-9). Several
studies have investigated the association
between drain usage and complications,
evaluating factors such as patient characteris-
tics, surgical techniques, and comorbidities.
These studies have aimed to identify risk
factors associated with drain insertion, assess
the impact of drains on wound-related compli-
cations, and explore their cost-effectiveness.
However, there 1s still a lack of consensus and
definitive guidelines regarding the use of drains
in ventral hernia repair.

The primary objective of this study was to
evaluate the association between drain usage
and postoperative complications in patients
undergoing ventral hernia repair.

The secondary objectives included assessing
decision factors for drain insertion, examining
the 1impact of comorbidities on complications,
and analyzing the economic implications of
drain usage. By investigating these objectives,
we aimed to contribute to the existing body of
knowledge on the optimal management of
ventral hernia repair and provide insights for
clinical decision-making.

Material and Methods

A single-center, prospective, observational, non-
interventional study was performed in the First
Surgical Clinic of Craiova Emergency Clinical
Hospital on patients with ventral hernia repair.
The study was conducted over a 5-year period,
from 2018 to 2022. Inclusion criteria consisted
of patients undergoing ventral hernia repair,
admitted and treated in our Department, with

an age of over 18 years, who have signed the
informed consent.

Data Homogeneity

Patients admitted were assessed for surgical
candidacy. Co-morbidities were analyzed and
optimized as possible, a full blood workup
which included a complete blood count,
glycemia, blood urea nitrogen, creatinine,
urine, liver enzymes, ionogram, a coagulation
panel, total proteins; an electrocardiogram
(ECG) and a pulmonary X-ray was performed
in all patients.

Ventral hernias were assessed clinically
and classified according to the EHS classifica-
tion for incisional hernias (10). The defect
dimensions were measured clinically.

Preoperative Preparation

Patients’ preoperative diet consisted of nil per
0s 10 hours prior to surgery, mechanical bowel
preparation was performed selectively.
Thromboprophylaxis was conducted based on
the Caprini score for Venous Thrombo-
embolism, and patients at risk of thrombo-
embolism received low molecular weight
heparin (LMWH) (11). Antibiotic prophylaxis
was systematically performed with a single
intraoperative dose of a second-generation
cephalosporin at the time of anesthesia
induction. An additional dose of antibiotic was
administered if surgical procedure was
prolonged for more than 3 hours.

Techniques Used

Repair technique was dictated on surgeon
choice based on: setting, patient age and
co-morbidities, extent of lateral dissection,
extent of wound contamination.

If a mesh was used, the mesh was a
polypropylene light macroporous mesh.
Transversus abdominis release (TAR) was
performed in cases with a defect size width
of more than 10 cm and was performed
bilaterally. In preperitoneal repairs, the
mesh was anchored with polypropylene
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2/0-transfascial sutures and the knot was
buried in the subcutaneous tissue.

If closure of the anterior aponeurosis of the
rectus abdominis muscle was not feasible, a
substitution mesh was placed in an onlay
style, with the mesh fixed to the margins of
the anterior aponeurosis.

In cases of bowel resection, or in cases of a
clean-contaminated field, anatomical repair
was preferred over mesh repair.

Postoperative Care

Nasogastric tubes (NG tubes) were placed
after anesthesia induction, except in patients
presenting in an acute setting and/or with a
high risk of aspiration, when NG tubes were
placed a priori.

In the postoperative phase, a comprehensive
set of protocols were implemented. These
included the encouragement of early mobiliza-
tion from the bed, administration of pain
control medication on a demand basis, timely
removal of the urinary catheter within the first
or second postoperative day, initiation of an oral
liquid diet on the first postoperative day,
allowance for solid food intake subsequent to
the passage of flatus, vigilant monitoring of
closed-circuit drains to assess drainage aspect
and quantity on a daily basis, and progressive
removal of drains guided by the discretion of
the surgeon and the observed drainage pattern.

To alleviate pain while in an upright
position, patients were instructed to employ
an elastic abdominal binder. The decision to
discharge patients hinged upon their restora-
tion to a solid food diet, attainment of full
mobilization, and their surgical site infection
(SSI) status. Postoperatively, patients were
scheduled for follow-up visits at regular
intervals of 1, 3, and 6 months, with addition-
al visits arranged based on individual require-
ments.

In this study we included patients with
cancer. This includes patients receiving
medical treatment for cancer at the moment of
the repair and patients in remission for under
5 years.

Statistical Analysis

Patient population was divided into two
groups, one group where no drainage was
added, and one group where drains were
added. We examined the relationship between
patient characteristics and drainage and
between complications and costs in hospitalized
patients among the two groups. Continuous
data were expressed as mean =+ standard
deviation, median (interquartile range) and
compared using Mann-Whitney U test or
Kruskal-Wallis test. Categorical data were
presented as percentage and compared by
using Chi-squared or Fisher’s Exact test.

A p-value less than 0.05 was considered
statistically significant. Statistical analysis
was performed with GraphPad Prism v.10 for
Windows (GraphPad Software, San Diego,
California USA, www.graphpad.com).

Results

There were 216 patients included in the study,
of whom 31.6% were males. No significant
differences in terms of gender were found
between patients with or without drainage, as
shown in Table 1.

The mean age of the patients was 64.23+
13.12, ranging from 26 to 87. The patients who
underwent drainage were older (66.2+12.2)
compared to those who did not undergo the pro-
cedure (61.24+12.2) (p = 0.003) (Table 1).

No significant statistical differences were
found between obese and non-obese patients
and diabetic and non-diabetic patients
regarding the surgeons’ decision to drain
(p=0.248). Similarly, diabetes (p=0.392) or
cancer (p=0.734) were not observed to be
deciding factors for drain insertion (Table 1). A
total of 42 (19.4%) patients had diabetes, with
half of them also having obesity.

Among the 216 patients, 44 (20.4%) were
patients with neoplasia (29 patients with
digestive cancers, 9 patients with pulmonary
cancer and 2 patients with prostate cancer),
of which 17 patients undergoing medical
treatment and 27 patients were disease free.
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Table 1.  Demographic and clinical

characteristics of patient

groups

Total No Drain Drain p-value
(n=216) (n=95) (n=121)
Age 64.23+13.12 61.24+13.67 66.6+12.2 0.003 ¢
66 (57-74) 63 (53-70) 69 (58.5-76)
Gender, male, n (%) 66 (30.6%) 30 (31.6%) 36 (29.8%) 0.882°
Obesity, yes, n (%) 74 (34.3%) 37 (38.9%) 37 (30.6%) 0.248°
Diabetes, yes, n (%) 42 (19.4%) 21 (22.1%) 21 (17.4%) 0.392°
Cancer, yes, n (%) 44 (20.4%) 8 (18.9%) 26 (21.5%) 0.734°
Recurrence, yes, n (%) 17 (7.9%) 1(11.6%) 6 (5%) 0.081¢
Hospitalization days 10.7+8.6 8 7+4.9 12.2+10.5 <0.0001 ¢
9 (7-12) 7 (6-11) 10 (8-13)
Emergency, yes, n (%) 77 (35.6%) 26 (27.4%) 51 (42.1%) 0.032°
Costs, Euro 694.3+549.1 586.5+362.5 778.9+648.7 <0.0001 *
605 520.2 647.7
(433.5-780.8) (395.6-724.3) (503.2-847.9)
Costs/day, Euro 66.4+15.7 65.3+14.6 67.2+16.5 0.185°¢
65 64.8 65
(58.2-66.6) (57.6-67.1) (59.3-66.6)

¢ Mann-Whitney U test. b, Chi-Square or Fisher's Exact Test

In the emergency setting, statistical
differences were also significant between the
drain and no drain groups (42.1% vs 27.4%,
p=0.032). No differences were observed in
regard to recurrent cases between the two
groups (p=0.081) (Table 1).

The mean duration of hospitalization was
12.9+£16.2 days, with extremes ranging from 1
to 120 days (Table I). The average cost per
ventral hernia repair was higher for patients
with a drain (EUR 778.9+648.7) compared to
those without a drain (EUR 586.5+362.5)
(p<0.0001) due to a longer hospitalization
period (p<0.0001) (Fig. 1). However, there was

Drain-

%k % %k

No drain—

0 20 40 60 80 100

Hospitalization days

no significant difference in the average cost
per day between the two groups of patients
(p = 0.185) (Table 1).

We observed a larger hernia size in patients
who received drainage (p<0.0001). Additionally,
adhesiolysis was more common in patients who
underwent drainage (p=0.001) (Table 2).

Bowel resection and anastomosis was per-
formed in 6.9% of cases. The use of drainage
was significantly higher (10.7% vs 2.1%,
p=0.014) in patients undergoing bowel resec-
tion with anastomosis (Table 2).

Wound infection was present in 8 (3.7%)
cases and mesh infection in 3 (1.4%) cases.
No significance in statistical difference was
observed regarding mortality between the
two groups. Postoperative complications
(Clavien-Dindo > grade IIIb or higher) were
reported in 20 (9.3%) cases, resulting in 8
(3.7%) deaths (Table 3).

Although not statistically significant,
grade IIIb or higher Clavien-Dindo complica-
tions were more frequent in patients where
drain was added (14 vs 6), seroma was more
frequent in the drainage group (22.3% vs
17.9%), mesh infection occurred only in
drained patients (3 patients, p=0.257) and
hematoma was more frequent in the no

Figure 1.  Hospitalization days among patients on drainage status. drain group (9.5% vs 4. 1%, p=0. 163)
**** p-value<0.0001. (Table ).
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Table 2. Hernia characteristics Total No Drain Drain p-value
according to EHS classification (n=216) (n=95) (n=121)
and repair technique employed Size <0.0001 *
in the study groups W1 (Small) 31 (14.4%) 23 (24.2%) 8 (6.6%)
W2 (Medium) 90 (41.7%) 41 (43.2%) 49 (40.5%)
W3 (Big) 95 (44%) 31 (32.6%) 64 (52.9%)
Localization 0.416 *
M1 or M2 (Supraumbilical) 41 (19%) 20 (21.1%) 21 (17.4%)
M3 (Periumbilical) 113 (52.3%) 49 (51.6%) 64 (52.9%)
M4 (Subumbilical) 2 (0.9%) - 2 (1.7%)
Multiple M (Complex) 39 (18.1%) 16 (16.8%) 23 (19%)
Repair 0.057 *
Anatomic 49 (22.7%) 25 (26.3%) 24 (19.8%)
Open Preperitoneal 126 (58.3%) 53 (55.8%) 73 (60.3%)
Onlay 22 (10.2%) 5 (5.3%) 17 (14%)
Open IPOM 10 (4.6%) 7 (7.4%) 3 (2.5%)
IPOM & Interlay 7 (3.2%) 5 (5.3%) 2 (1.7%)
Laparoscopic IPOM 1(0.5%) - 1(0.8%)
Laparoscopic preperitoneal 1(0.5%) - 1(0.8%)
Adhesiolysis, yes, n (%) 123 (56.9%) 42 (44.2%) 81 (66.9%) 0.001 *
Anastomosis, yes, n (%) 15 (6.9%) 2 (2.1%) 13 (10.7%) 0.014 *

* Chi-Square or Fisher’s Exact Test

Discussions

The present study aimed to investigate the
use of drains in patients undergoing ventral
hernia repair. The results demonstrated that
the decision to use drains was not influenced
by patient characteristics such as obesity,
diabetes, or cancer. Diabetes and obesity are
known risk factors for surgical complications
(12,13). In this study, 19.44% of patients had
diabetes, and half of them also had obesity.
However, we did not find a significant associa-
tion between diabetes or obesity and the use of
drainage or the occurrence of postoperative
complications. These findings suggest that
proper preoperative management and peri-
operative care, including optimization of
comorbidities, may help mitigate the potential
risks associated with diabetes and obesity in

ventral hernia repair. However, several factors
were associated with the use of drains,
including older age, larger hernia size, and the
need for adhesiolysis.

In our study, we observed that the
decision to use drains in ventral hernia
repair was associated with operative factors.
Older age, larger hernia size, the need for
adhesiolysis procedures, and cases involving
bowel resection and anastomosis were more
frequent in patients with drain placement.
These decision factors indicate the complexity
of cases and the surgeon's inclination to use
drainage in challenging scenarios or when
placing mesh in a clean-contaminated
surgical field. Specifically, emergency cases
often involve complicated ventral hernias
where bowel resections are common, and
these cases typically necessitate drain

Table 3. Postoperative complications Total No Drain Drain p-value
and cost analysis (n=216) (n=95) (n=121)

Complications, Clavien-Dindo > grade IIIB, 20 (9.3%) 6 (6.3%) 14 (11.6%) 0.505*
yes, n (%)
Seroma, yes, n (%) 44 (20.4%) 17 (17.9%) 27 (22.3%) 0.497 ¢
Infection wound, yes, n (%) 8 (3.7%) 3 (3.2%) 5 (4.1%) 1.0°
Infection mesh, yes, n (%) 3 (1.4%) - 3 (2.5%) 0.257 *
Hematoma, yes, n (%) 14 (6.5%) 9 (9.5%) 5 (4.1%) 0.163*
Mortality, yes, n (%) 8 (3.7%) 2 (2.1%) 6 (5%) 0.471°
¢, Chi-Square or Fisher's Exact Test. b, Mann-Whitney U test.
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placement due to the increased risk of
complications and mesh infection associated
with a contaminated field.

Marcolin et al in a systematic review and
meta-analysis, found that drain placement
significantly reduces seroma formation, with-
out an increase in infectious complications (9).
In our study, seroma and mesh infection were
more frequent in patients who had drains
inserted, although the differences were not
statistically significant. This difference may be
due to the duration drains are kept or issues
regarding homogeneity in patient-specific
characteristics (such as the number of patients
with large hernias). However, hematoma was
more common in patients without drains. These
findings emphasize the need for individualized
patient management and careful consideration
of decision factors when deciding on the use of
drains in ventral hernia repair.

The overall postoperative complication rate
was relatively low, with complications classified
as Clavien-Dindo grade IIIb or higher occurring
in 9.3% of cases. However, it is important to
note that these complications resulted in 3.7%
mortality, underscoring the significance of
even relatively rare complications in surgical
outcomes.

Among the patients included in the
study, 20% had a history of cancer. While this
comorbidity did not appear to be a significant
decision factor for drain insertion or post-
operative complications, it is worth considering
the potential impact of cancer and its treatment
on hernia repair outcomes. Cancer-related
factors, such as immunosuppression induced
either by cancer or by therapy, may influence
the healing process and increase the risk of
complications.

The study also revealed that patients who
underwent drainage had a longer hospital
stay and incurred higher costs compared to
those without drains. The increased duration
of hospitalization in the drainage group can
be attributed to the need for continued
monitoring of drain output and the potential
for complications associated with drain main-
tenance. The higher costs in the drainage
group were primarily driven by the longer

hospital stay, as there was no significant
difference in the average cost per day between
the two groups. These findings suggest that
the use of drains in ventral hernia repair
should be carefully considered, weighing the
potential benefits of reduced complications
against the associated increase in hospital
stay and costs.

Comparing our results with existing litera-
ture, we found overall agreement regarding
the factors influencing drain placement in
ventral hernia repairs. However, it is worth
noting that the evidence in this field is limited
and heterogeneous. Most studies are retro-
spective or observational, and there is a lack
of well-designed prospective randomized
controlled trials specifically investigating the
role of drains in ventral hernia repairs.
Existing guidelines on ventral hernia repair
do not address the placement of drains
(14-17). Consequently, the current recommen-
dations on drain placement remain largely
based on expert opinions and clinical
experience. One RCT analyzing outcomes for
retromuscular repair versus onlay used
drainage systematically (18).

Another RCT compared the postoperative
complication rates of open mesh repair for
incisional hernia with and without prophylac-
tic wound drainage. The study included 144
patients who were randomized into two
groups: one with drain placement and one
without. The primary endpoint was the
evaluation of residual fluid collection at 30
days postoperatively. The results showed no
significant difference in fluid collection
between the two groups. However, the drain
group had fewer surgical complications,
including a lower rate of wound dehiscence.
The study concluded that prophylactic
drainage does not objectively reduce the rate
of postoperative fluid collections and does
not support the routine use of drainage in
incisional hernia repair (4).

Conclusions

In conclusion, this study demonstrated that
the decision to drain patients undergoing
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ventral hernia repair was primarily influenced
by surgical complexity factors rather than
patient-related characteristics. Older age,
larger hernia size, bowel resection and anasto-
mosis, emergency setting and the need for
adhesiolysis were associated with an increased
likelihood of drain placement. While the use
of drains was not influenced by patient
comorbidities, it was associated with longer
hospitalization and higher costs. These findings
highlight the importance of individualized
decision-making regarding drain placement,
considering the specific characteristics of each
patient and the potential trade-offs between
complications and resource utilization.

Study limitations: The findings of this
study may have limited generalizability due to
its single-center nature, prospective design,
and observational approach. To ensure the
validity of the results, future studies involving
multiple centers and larger sample sizes are
necessary.

The inclusion of drains in this study was
determined based on individual surgeon
preferences, which introduces the potential
for bias. To promote consistency in clinical
practice and reduce variability, it would be
valuable for future research to explore the
implementation of standardized protocols or
guidelines for drain placement.
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