
lable at ScienceDirect

Chinese Journal of Traumatology 22 (2019) 1e11
Contents lists avai
Chinese Journal of Traumatology

journal homepage: http: / /www.elsevier .com/locate/CJTEE
Review Article

Chinese Trauma Surgeon Association for management guidelines of vacuum
sealing drainage application in abdominal surgeriesdUpdate and systematic
review

Yang Li a, Pei-Yuan Li a, Shi-Jing Sun a, Yuan-Zhang Yao a, Zhan-Fei Li b, Tao Liu b, Fan Yang b,
Lian-Yang Zhang a, *, Xiang-Jun Bai b, **, Jing-Shan Huo c, Wu-Bing He d, Jun Ouyang e, Lei Peng f,
Ping Hu g, Yan-An Zhu h, Ping Jin i, Qi-Feng Shao j, Yan-Feng Wang k, Rui-Wu Dai l, Pei-Yang Hu m,
Hai-Ming Chen n, Ge-Fei Wang o, Yong-Gao Wang p, Hong-Xu Jin q, Chang-Ju Zhu r, Qi-Yong Zhang s,
Biao Shao t, Xi-Guang Sang u, Chang-Lin Yin v

a Trauma Center of PLA, State Key Laboratory of Trauma, Burns and Combined Injury, Institute of Surgery Research, Daping Hospital, Third Military Medical University, Chongqing,
China
b Trauma Center/Department of Emergency and Trauma Surgery, Tongji Hospital of Tongji Medical College, Huazhong University of Science & Technology, Wuhan, China
c Foshan Hospital of Traditional Chinese Medicine, Foshan, Guangzhou Province, China
d Fujian Provincial Hospital, Fuzhou, China
e Emergency Surgery of the First Affiliated Hospital, Shihezi University School of Medicine, Shihezi, Xinjiang Autonomous Region, China
f The First Affiliated Hospital of Hainan Medical University, Haikou, China
g Chongqing Emergency Medical Center, Chongqing, China
h Taizhou Hospital of Zhejiang Province, Taizhou, Zhejiang Province, China
i Yuyao People's Hospital of Zhejiang Province, Yuyao, Zhejiang Province, China
j Ninth People's Hospital of Zhengzhou, Zhengzhou, China
k Zhongnan Hospital of Wuhan University, Wuhan, China
l Chengdu Military General Hospital, Chengdu, China
m Tiantai County People's Hospital, Tiantai, Zhejiang, China
n The First Affiliated Hospital of Nanchang University, Nanchang, China
o Department of Surgery, Jinling Hospital, Medical School of Nanjing University, Nanjing, China
p Department of Surgery, The First Affiliated Hospital of Zhejiang Chinese Medical University, Hangzhou, China
q Shenyang Military General Hospital, Shenyang, China
r The First Affiliated Hospital of Zhengzhou University, Zhengzhou, China
s The Affiliated Hospital of Guizhou Medical University, Guiyang, China
t The First People's Hospital of Kunming, Kunming, China
u Qilu Hospital of Shandong University, Jinan, China
v The First Affiliated Hospital of Third Military Medical University, Chongqing, China
a r t i c l e i n f o

Article history:
Received 17 October 2018
Received in revised form
12 December 2018
Accepted 12 January 2019
Available online 14 February 2019

Keywords:
Guideline
Vacuum sealing drainage
Abdominal surgery
* Corresponding author.
** Corresponding author.

E-mail addresses: dpzhangly@163.com (L.-Y. Zhan
(X.-J. Bai).

Peer review under responsibility of Chinese Medi

https://doi.org/10.1016/j.cjtee.2018.10.005
1008-1275/© 2019 Chinese Medical Association. Pr
creativecommons.org/licenses/by-nc-nd/4.0/).
a b s t r a c t

Vacuum sealing drainage (VSD) is frequently used in abdominal surgeries. However, relevant guidelines
are rare. Chinese Trauma Surgeon Association organized a committee composed of 28 experts across
China in July 2017, aiming to provide an evidence-based recommendation for the application of VSD in
abdominal surgeries.

Eleven questions regarding the use of VSD in abdominal surgeries were addressed: (1) which type of
materials should be respectively chosen for the intraperitoneal cavity, retroperitoneal cavity and su-
perficial incisions? (2) Can VSD be preventively used for a high-risk abdominal incision with primary
suture? (3) Can VSD be used in severely contaminated/infected abdominal surgical sites? (4) Can VSD be
used for temporary abdominal cavity closure under some special conditions such as severe abdominal
trauma, infection, liver transplantation and intra-abdominal volume increment in abdominal
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compartment syndrome? (5) Can VSD be used in abdominal organ inflammation, injury, or postoperative
drainage? (6) Can VSD be used in the treatment of intestinal fistula and pancreatic fistula? (7) Can VSD be
used in the treatment of intra-abdominal and extra-peritoneal abscess? (8) Can VSD be used in the
treatment of abdominal wall wounds, wound cavity, and defects? (9) Does VSD increase the risk of
bleeding? (10) Does VSD increase the risk of intestinal wall injury? (11) Does VSD increase the risk of
peritoneal adhesion?

Focusing on these questions, evidence-based recommendations were given accordingly. VSD was
strongly recommended regarding the questions 2e4. Weak recommendations were made regarding
questions 1 and 5e11. Proper use of VSD in abdominal surgeries can lower the risk of infection in
abdominal incisions with primary suture, treat severely contaminated/infected surgical sites and facili-
tate temporary abdominal cavity closure.
© 2019 Chinese Medical Association. Production and hosting by Elsevier B.V. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Drainage is a basic surgical technique, and the methods and
materials are constantly improving. In 1954, Redon1

first proposed
the concept of vacuum negative pressure wound drainage and then
applied a device named “Sterimed” in clinical practice in 1959which
achieved the effect of enhanced drainage, reduced infection, and
promoted wound healing. In 1964, Mclean2 described the role of
wound sealing and vacuum suction in a head and neck surgery. In
1977, Fox et al.3 first proposed the idea that continuous vacuum
suction could accelerate wound healing. In 1992, Fleischmann
et al.4,5 from Trauma Surgery Hospital of Ulm University in Germany
introduced vacuum sealing drainage (VSD), which combined tradi-
tional negative pressure drainage with modern sealing dressings for
the treatment of infected wound surfaces of limbs, and achieved
remarkable results. In 1995, Professor Qiu Hua-de and colleagues
from Zhongnan Hospital of Wuhan University in China applied VSD
to the abdomen for the first time.6 In 1997, Argenta and Morykwas
et al.7,8 used porous polyurethane sponge materials to improve the
drainage on chronic refractorywounds andproposed the concepts of
vacuum-assisted closure (VAC) and negative pressure wound ther-
apy (NPWT). In 2008, VSD was incorporated into the “Ten Years of
100 Projects” promotion plan of the Chinese Ministry of Health. VSD
covers the surgical concepts of “negative pressure, sealing, and
drainage”, includingNPWTandVAC. In this article, VSD is used as the
collective name for the three technologies.

In July 2017, Chinese Trauma Surgeon Association organized a
committee composed of 28 experts across China to discuss the
indications and contraindications of VSD application, aiming to
provide an evidence-based recommendation for the application of
VSD in abdominal surgeries. Eleven questions regarding the use of
VSD in abdominal surgeries were addressed, and an evidence-
based medicine method was used to propose the recommenda-
tions for those questions.
Statement of the problems

(1) Which type of materials should be chosen for the intraperi-
toneal cavity, retroperitoneal cavity, and superficial incisions
separately?

(2) Can VSD be preventively used for a high-risk abdominal
incision with primary suture?

(3) Can VSD be used in severely contaminated/infected abdom-
inal surgical sites?

(4) Can VSD be used for temporary abdominal cavity closure due
to conditions such as severe abdominal trauma, infection,
liver transplantation and intra-abdominal volume increment
in abdominal compartment syndrome (ACS)?
(5) Can VSD be used in abdominal organ inflammation, injury, or
postoperative drainage?

(6) Can VSD be used in the treatment of intestinal fistula and
pancreatic fistula?

(7) Can VSD be used in the treatment of intra-abdominal and
extra-peritoneal abscess?

(8) Can VSD be used in the treatment of abdominal wall wounds,
wound cavity, and defects?

(9) Does VSD increase the risk of bleeding?
(10) Does VSD increase the risk of intestinal wall injury?
(11) Does VSD increase the risk of peritoneal adhesion?
Literature searches and appraisal

The keywords “VSD or vacuum sealing drainage”, “NPWT or
negative pressure wound therapy”, “vacuum-assisted closure”,
“topical negative pressure”, Chinese character keywords “负压

封闭引流" namely vacuum sealing drainage” and “负压辅助封闭"
namely vacuum-assisted closure” were used to search the well-
known databases of PubMed, MEDLINE, Cochrane Library, OVID,
Elsevier, China Biomedical Literature Database (CBM), China
Knowledge Network, VIP Net, and Wanfang Data. The time-
frame of the inquiries was from the establishment of the da-
tabases to September 2017. A manual search of related
magazines, conference papers, and unpublished literature was
also conducted.

Oxford Center for Evidence-based Medicine Levels of Evidence
(March 2009)9 was used to evaluate the quality of the evidence and
grade the level of recommendation (Table 1).

Recommendations

General remarks

Generally, VSD is regarded as a safe and reliablemethod. Reports
of related complications have increased with the expanded appli-
cation and an increased number of clinical cases.

Which type of material should be chosen for intraperitoneal cavity,
retroperitoneal cavity, and superficial incisions separately?

Recommendation 1: Polyvinyl alcohol foam is recommended
to be used in intraperitoneal and retroperitoneal cavities, while
polyurethane or polyvinyl alcohol foam is recommended for su-
perficial incisions and external areas of sutured incisions.10

(Grade C).
The materials and equipment required for VSD include foam,

drainage tubes, transparent adhesive films, and negative pressure

http://creativecommons.org/licenses/by-nc-nd/4.0/


Table 1
Oxford Centre for Evidence-based Medicine Levels of Evidence (March 2009)9.

Levels of evidence and grades of recommendation

Level of evidence Therapy/Prevention, Aetiology/Harm

1a SR (with homogeneitya) of RCTs
1b Individual RCT (with narrow confidence interval)
1c All or noneb

2a SR (with homogeneitya) of cohort studies
2b Individual cohort study (including low quality RCT; e.g., <80% follow up)
2c "Outcomes" research; Ecological studies
3a SR (with homogeneitya) of case-control studies
3b Individual case-control study
4 Case-series (and poor quality cohort and case control studies)
5 Expert opinion without explicit critical appraisal, or based on

physiology, bench research or "first principles"

Grades of recommendation

A Consistent level 1 studies
B Consistent level 2 or 3 studies or extrapolations from level 1 studies
C Level 4 studies or extrapolations from level 2 or 3 studies
D Level 5 evidence or troublingly inconsistent or inconclusive studies of any level

Note: The table was produced by Bob Phillips, Chris Ball, Dave Sackett, et al since November 1998 and updated by Jeremy Howick March 2009. http://www2.cch.org.tw/ebm/
file/CEBM-Levels-of-Evidence.pdf?crazycache¼1.

a Homogeneity here means the systematic review is free of worrisome variations (heterogeneity) in the directions and degrees of results between individual studies. Not all
systematic reviews with statistically significant heterogeneity need be worrisome, and not all worrisome heterogeneity need be statistically significant. As noted above,
studies displaying worrisome heterogeneity should be tagged with a "-" at the end of their designated level.

b Met when all patients died before the Rx became available, but some now survive on it; or when some patients died before the Rx became available, but none now die on it.
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sources. Among them, the porous sponge-like foammaterials are in
contact with tissues, such as the wound surface, and the pores are
connected to each other. There are two types of materials (1)
polyvinyl alcohol (PVA), which has a small pore size of
0.06e0.27 mm in diameter and a high tensile strength (522.4 kPa)
and is tough, and (2) polyurethane (PU), which has larger pores
with a diameter of 0.4e0.6 mm that allows easy penetration for
granulation, has low tensile strength (111.1 kPa) and is fragile.11e15

Retention of PU foam debris in the wound has been observed to
affect healing.16

In actual application, the surface of the foam material must be
covered with a semipermeable membrane. After the generation of
negative pressure, the foam is fixed with surrounding tissues to
form a complete seal.17,18 Considering the effect of negative pres-
sure on the intestinal blood supply, typically the negative pressure
intensity applied on the abdomen is lower than that on the ex-
tremities when using VSD technique.19 The value can be set
at �125 mmHg to �300 mmHg (�17 kPa to �40 kPa) for skin
outside the incision, extraperitoneal wounds, or within body cav-
ity; while for temporary peritoneal closure and intra-abdominal
application, the pressure should be adjusted to �50 mmHg
to�175mmHg (�6.7 to�23.3 kPa).20e31 Although there is no high-
level evidence in evidence-based medicine, a lower negative
pressure value, such as�50mmHg to�80mmHg, is recommended
for patients with intestinal repair or anastomosis.23

Can VSD be preventively used for a high-risk abdominal incision
with primary suture?

Recommendation 2: For abdominal incisions with a primary
suture which have a high risk of infection, prophylactic use of VSD
is recommended to help reduce the onset of incision infection
(Grade B).

A total of 35 articles discussed prophylactic VSD (pVSD) for
abdominal incisions with primary suture, of which 6 were
RCTs32e37 and 29 were observational studies.38e66

In 2016, the WHO issued a procedure based on evidence-based
evidence for the prevention of intraoperative and postoperative
surgical site infections (SSIs) in Lancet Infectious Diseases and
proposed the application of prophylactic NPWT for stage I sutured
incisions with a high risk of infection (conditional recommenda-
tion, low quality).67 A total of 20 articles were reviewed, including 6
RCTs and 14 observational studies. Compared with traditional
wound dressings, prophylactic NPWT (pNPWT) reduces the risk of
SSIs in closed wounds. Subgroup analysis of different surgical
procedures revealed that use of pVSD reduced the risk of SSIs in
abdominal and cardiac surgeries but had no effect in orthopedic or
traumatic surgeries. In subgroups with different incision categories
(clean-contaminated incisions and clean incisions), pVSD showed
significant differences in reducing the incidence of SSIs. By using a
cost-effectiveness analysis, Chopra et al.68 compared closed-
incision VSD therapy with standard dressings after abdominal
incision closure in high-risk patients: 829 abdominal wall surgeries
(260 closed-incision VSDs and 569 standard dressings) were
included, and the results showed that closed-incision VSD saved
1546.52 US dollars compared with standard dressing, suggesting
that closed-incision VSD was a cost-effective method when the SSI
rate was greater than 16.39%. An international multidisciplinary
consensus recommendation published in 2017 reviewed 100 arti-
cles published from 2000 to 2015 that compared traditional wound
dressings with closed-incision negative pressure therapy. The re-
sults supported the use of VSD for sutured incisions in patients with
a high risk of SSI and can reduce the incidence of SSI.69

In subgroup analyses of different surgical types, four observa-
tional studies of abdominal wall reconstructive surgery showed
that pVSD reduced the incidence of SSIs,62e64,66 whereas one
observational study showed that pVSD had no apparent advantages
in reducing the incidence of SSIs.60 Additionally, six observational
studies of colorectal surgery showed that pVSD reduced the inci-
dence of SSIs,38e43 one observational study of pan-
creatoduodenectomy showed that pVSD reduced the incidence of
SSIs,60 and one RCT of ulcerative colitis ileostomy reversal showed
that pVSD did not reduce the incidence of SSIs.32 A total of six RCTs
investigated multiple abdominal surgeries, among which three
showed that pVSD reduced the incidence of SSIs,32,35,36 two
showed that pVSD did not reduce the incidence of SSIs,33, 37 and
one showed that VSD reduced the incidence of SSIs, but the dif-
ferences were not significant.34 Eleven observational studies of

http://www2.cch.org.tw/ebm/file/CEBM-Levels-of-Evidence.pdf?crazycache=1
http://www2.cch.org.tw/ebm/file/CEBM-Levels-of-Evidence.pdf?crazycache=1
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abdominal surgeries, including pediatric contaminated surgery,
gynecological malignancy surgery, cesarean section surgery, and
liver transplantation surgery, also showed that pVSD reduced the
incidence of incision infections.44,45,49,50,52,57,59,65 One RCT showed
that pVSD reduced postoperative pain and the need for anes-
thetics34; however, although the incidence of SSIs decreased, the
difference was not significant.

Regarding the level of contamination in subgroups with
different incision categories, one observational study showed that
pVSD reduced the incidence of SSIs in contaminated incisions,65

whereas another observational study showed that pVSD did not
reduce the incidence of SSIs in contaminated incisions.61 A total of
twenty studies were included in the clean-contaminated surgery
group, of which 13 observational studies showed that pVSD
reduced the incidence of SSIs for clean-contaminated
incisions,38e41,43e45,60,62e64,66,70 three RCTs showed that pVSD
reduced the incidence SSIs,34e36 and another three RCTs showed
that pVSD did not have apparent advantages in reducing infection
incidences.32,33,37

The high-risk factors for the onset of SSIs include vascular dis-
orders due to peripheral soft tissue injuries, hemorrhage or he-
matoma, necrotic tissue, intraoperative contamination, a long
surgical time, and obesity, diabetes as well as smoking.67,69

Can VSD be used in severely contaminated/infected abdominal
surgical sites?

Recommendation 3: The use of VSD in severely contaminated/
infected abdominal surgical sites is recommended, which can
prevent/treat infections, quicken stage II closure of the incision, and
shorten hospital stay (Grade B).

A total of 26 articles were included, of which 3 were RCTs20,71,72

and 23 were observational studies and case series.26,50,64,71e90

One RCT consisting of 81 cases of severely contaminated in-
cisions showed that 27 cases were closed in stage I, 29 cases had
delayed closure, and 25 cases were applied VSD. The incision
infection rates were 37%, 17%, and 0.2%, respectively.20 In two
observational studies, VSD was used for an early deep incision
infection after abdominal wall hernia tension-free repair. Among
the 33 cases treated with suture removal and VSD, 9 had mesh
removal and the other 24 did not; all wounds healed within 4
weeks.26,64

In the analysis of the effects and feasibility of VSD in severely
contaminated/infected abdominal surgical sites, one RCT showed
that VSD was safe in an open abdomen (OA) after severe intra-
abdominal infection and improved the quality of life of patients,20

whereas the RCT by Roberts et al.72 on secondary abdominal cav-
ity abscess following damage control surgery suggested that VSD
reduced systemic inflammatory responses. Another RCT by Kirk-
patrick et al.71 showed that VSD did not accelerate pus drainage or
reduce systemic inflammatory markers.

Multiple observational studies on the use of VSD for retroperi-
toneal space infections with different causes have shown that VSD
can control early local infection, keep the abscess clean, promote
collapse of the abscess, shorten healing time, reduce local compli-
cations, and reduce VSD-related complications.73e75 Tao et al.76

confirmed that VSD prevented subgingival infection after hepa-
tectomy. In the study of 39 patients with severe intra-abdominal
infection conducted by Pliakos et al.,77 VSD effectively reduced
mortality but could not reduce the systemic bacterial burden or
prevent the incidence of hospital-acquired infections. Another two
observational studies showed that application of VSD during severe
abdominal infection drained the pus and promoted the reduction of
the abscess cavity; thus, granulation of the wound was fresh, and
formation of a residual abscess was avoided.78,79
Regarding the mechanism of action of indwelling VSD at the site
of abdominal surgery, it is suggested that VSD could actively induce
complete drainage, enlarge the drainage area and drainage range,
prevent clogging, accelerate tissue swelling subsidence, and elim-
inate dead space effectively.50,80,81 In addition, VSD promoted blood
circulation, reduced tissue edema, inhibited bacterial growth, and
applied a local mechanical pull to promote shrinkage of the wound
surface or wound cavity.82e84 Takei et al.91 suggested that the
mechanism of action might be that the continuous vacuum nega-
tive pressure actively removed water, exudate, and residual pus
from the edema tissue, induced cell proliferation & matrix syn-
thesis, and accelerated healing. Additional observational and
experimental studies suggested that the mechanism was the ac-
celeration of blood perfusion, promotion of vascularization, and
improvement of local circulation and that negative pressure indi-
rectly decreased the hydrostatic pressure of local tissue edema,
reduced leakage, and accelerated regression of the edema.85e88 The
hypoxic state caused by continuous negative pressure due to VSD
also inhibited bacterial proliferation and eliminated bacterial
colonization and the bacterial growth medium.89,90

When VSD is used for the prevention and treatment of in-
fections associatedwith abdominal surgical sites, the foammaterial
should be in the lower or central part of the abscess; thus, the
abdominal wall incision should bemade in the nearest area to drain
the foaming, and local bleeding and excessive growth of granula-
tion tissue into the foam should be prevented. The foam materials
and the drainage tube are firmly fixed by the suture to prevent
exposure of the side hole of the drainage tube outside of the
sponge, which can cause focal necrosis of the intestinal wall. In
general, the foam materials should be removed or replaced every
5e7 days; after more than 9 days, granulation tissue may grow into
the foam, resulting in bleeding and difficulty in removing the
foam.92

Can VSD be used for temporary abdominal cavity closure under the
conditions such as severe abdominal trauma, infection, and liver
transplantation and intra-abdominal volume increment in ACS?

Recommendation 4: VSD is recommended as the preferred
method for temporary abdominal closure (TAC) and intra-
abdominal volume increment under the conditions such as severe
abdominal trauma, infection, and liver transplantation (Grade B).

This topic included 20 related articles: one RCT,93 and 19 were
retrospective studies.33,49,53,55,56,65,68,94e105

For patients with severe abdominal trauma or severe intra-
abdominal infection received intraperitoneal procedures, such as
hemorrhage and contamination control, primary suture of the
abdominal wall may result in serious consequences, such as un-
planned secondary surgery, ACS, severe intra-abdominal infection,
and multiple organ failure, and thus has a high failure rate. TAC
technology is needed for these patients. TAC can significantly in-
crease the abdominal cavity volume and reduce abdominal pres-
sure, avoid extravasation of intraperitoneal fluid, reconstruct
abdominal wall barriers, protect intra-abdominal organs, prevent
infection, and reduce the incidence of gastrointestinal fistulae.

TAC can be used in the following situations: (1) peritonitis,
necrotizing fasciitis, and purulent abdominal infection; (2)
abdominal trauma, damage control laparotomy, and abdominal
wall damage; (3) mesenteric ischemia and situations when bowel
circulation is difficult to determine due to various causes; (4) pri-
mary or secondary abdominal hypertension or ACS; and (5) liver
transplantation.

Ideally, TAC should be able to keep the abdominal cavity in a
closed state, protect the internal organs of the abdominal cavity,
avoid exogenous contamination or mechanical injury, drain the
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exudate from the abdominal cavity, expand the volume of the
abdominal cavity to reduce the intra-abdominal pressure and
prevent or treat ACS, and protect the integrity of the fascia to
facilitate definitive abdominal closure in the future. Various TAC
methods are available, including simple skin closure (jacket clamp
or suture), suturing plastic and other materials to the skin, suture of
artificial mesh to the fascia, and VSD-assisted closure.

The application of VSD-assisted TAC has become the main-
stream method. The VSD system (ABCIra set, KCI, USA) meets most
of the requirements of an ideal TAC. The surgical method is as
follows: after completion of the intraperitoneal surgical operation,
the greater omentum is placed under the incision to cover the in-
testine, lined with a thin film to help prevent adhesion between the
intestinal tract and the abdominal wall, and then VSD foam is su-
tured to the abdominal fascia or skin to seal the abdomen incision.
The film covers the entire wound and maintains a sealed envi-
ronment. The drainage tube is connected to a vacuum suction de-
vice, and the pressure is adjusted to�60 kPa to�80 kPa. Generally,
drainage can be continued for 5e7 days.98

Negative pressure drainage prevents the accumulation of exu-
dates and inflammatory mediators in the abdominal cavity.
Continuous negative pressure drainage ensures timely transfer of
intra-abdominal fluids that are rich in digestive fluids to outside of
the body, thereby reducing systemic toxin reactions and creating a
good local environment for recovery of the damaged pancreas. This
approach minimizes the corrosive effects of harmful liquids on
intestinal and abdominal wall tissues, facilitates debridement of
necrotic tissue in pancreatitis, prevents or reduces open of the
abdominal fascia tissue by acting alone or in combination with
sustained traction of the fascia to significantly increase the rate of
delayed closure of the fascia and reduce the occurrence of
abdominal wall hernias, reduces hospital-acquired wound in-
fections, and facilitates post-operative care.33,53,99

In one retrospective study of TAC with 58 patients, VSD was
applied in 27 patients, other treatments were applied in the rest 31
patients. The results showed that VSD was superior to other
methods regarding the length of the abdominal opening, the fre-
quency of dressing changes, re-exploration rate, the success rate of
abdominal incision closure, and enteroatmospheric fistula.68 A
prospective study conducted by Perez et al.100 showed that VSD
after abdominal infection and intra-abdominal hypertension
shortened the recovery time and increased the success rate of
abdominal closure.

A study of VSD in 24 patients after liver transplantation showed
that early fascial closure time can be shortened to a median of 5.5
days (1e12 days).56 The use of VSD can reduce the incidence of
complications and mortality in liver transplantation patients un-
dergoing TAC.49,56,101 One observational study by Plaudis et al.55

showed that the intra-abdominal pressure was effectively
reduced with the use of VSD in patients with ACS caused by
pancreatitis or multiple injuries. A case report of an open abdomen
due to acute pancreatitis showed that VSD (ABThera kit, KCI, USA)
helped aspirate large amounts of exudate in the abdominal cavity
and facilitated infection management.65

After TAC, the abdomen should be directly closed when patient's
general condition improves, intra-abdominal inflammatory edema
subsides, intra-abdominal infection is controlled within 1e2
weeks, intestinal edema is absorbed, and intra-abdominal pressure
is < 12 mmHg; if the intra-abdominal pressure remains >12 mmHg
after 1e2 weeks or abdominal wall defects are evident, the
abdomen closure should be performed by skin grafting after for-
mation of granulation tissue under the foam material and generate
planned abdominal hernia, followed by definitive abdominal wall
reconstruction in 6e12 months.102,103 VSD can increase the closure
rate of the fascia layer to 70%e90% at the first stage.94 A systematic
review of OAs which included 112 articles found that the rates of
early fascial layer closure were in a descending order of 74.6%, 48%,
35%, and 27% with the use of VSD plus active abdominal wall
closure, VSD alone, negative pressure pack, and Bogota bag
respectively.21 A retrospective study by Sibajaet et al.104 on 48 pa-
tients with severe intra-abdominal infections using VSD-assisted
OA revealed a higher rate of early fascial closure, shortened ICU
length of stay, decreased mortality, and reduced rates of associated
complications. If the abdomen cannot be closed early, a series of
complications may occur, including enteroatmospheric fistula,
abdominal cavity infection, abdominal bleeding, and abdominal
wall hernia. The most complicated complication is an enter-
oatmospheric fistula, which has an incidence of 5%e75%.105

Different TAC techniques have different rates of postoperative
complications. One RCT showed that VSD-assisted TAC did not
cause intestinal fistulas,93 and a review suggested that VSD was
better than the Bogota bag and Barker techniques in reducing
complications and infection rates.106

Can VSD be used in abdominal organ inflammation, injury, or
postoperative drainage?

Recommendation 5: Application of VSD after inflammation,
injury or surgery in the intraabdominal organs, such as the liver,
biliary tract, pancreas, and duodenum, can facilitate adequate
drainage, prevent and control infections, and promote wound
healing (Grade C).

Eleven studies on VSD application in intraperitoneal organ
inflammation, injury and surgical treatment were included, one
RCT107 and 10 observational studies.46,47,49,53,71,76,81,92,108,109

One RCT showed an increase in granulocyte membrane fluidity
and an increased survival rate in patients with severe pancreatitis
undergoing necrotizing tissue debridement and VSD (p < 0.041).107

One observational study reported the effects of laparoscopic VSD
on the treatment of 8 patients with severe pancreatitis for which
the gastrocolic ligament was cut and 4 cm� 15 cm foamwas placed
in the lesser sac on the pancreatic surface. The foam was replaced
4e7 times after surgery; the average drainage within 48 h was
600 mL/d and decreased gradually every day, and the cure rate was
significantly improved.76

A case study showed that compared with conventional staged
hepatectomy, foam materials placed between open liver lobes and
application of VSD technique in gallbladder cancer patients with
liver metastases who underwent liver segmentation and portal
vein ligation in staged hepatectomy increased the volume of the
remaining liver to 117% of the original (increased significantly on
the left lateral side) and facilitated wound healing.47 An observa-
tional study of liver transplantation combined with VSD showed
that VSD application reduced the incidence of wound infection.49

The studied of VSD application in pancreatic duodenal injury by
Huo et al.46,53,81 showed that VSD had good treatment effects on
severe injuries of the common bile duct, duodenum, and pancreas
and reduced complications and the infection rate. Moreover, VSD
drainage could be safely and effectively passed through the jeju-
nostomy fistula back to the gastrointestinal tract.49

For patients with severe pancreatitis or pancreatic injury, VSD
can improve the drainage efficiency and has good treatment effects
in early pancreas damage without self-digestion; however,
pancreatitis patients with self-digestion can have floccular necrotic
tissue clogging the foam, and thus, the foam needs to be repeatedly
changed. In addition, the colon often has clogged foam due to
mucus or feces, and thus, VSD is not suitable for colonic injury.109

Intraperitoneal placement should follow the principle of taking
the shortest route out of the body; the appropriate length and
width should be trimmed according to the need, and at least 1 cm
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of material should be retained outside the body to facilitate
observation of the negative pressure effect.71 To avoid damage to
the intestine, contact between the foam material and the intestinal
suture should be avoided or minimized. A reliable method is to
shorten the foam material so that approximately 1 cm is present
between the foam material and the anastomosis, or the greater
omentum should be placed between the foam and the intestine.
Negative pressure and drainage effects, such as elasticity and
collapse of the foam material exposed on the body surface, should
be closely monitored. The effective drainage time of the foam
material is 4e7 days; this timeframe can be shortened or extended
depending on the properties of the drainage materials.108 If
blockage occurs, the foammaterial should be replaced, especially in
patients with severe pancreatitis. Intra-abdominal irrigation is not
recommended because irrigation is not synchronized with
drainage and thus immediate detection of drainage defects due to
foam or catheter blockage is almost impossible; moreover, the
flushing fluid may enter the large abdominal cavity after the
blockage, resulting in contamination or spread infection. In thera-
peutic applications, irrigation can be considered with drainage area
limitations.107 After drainage for 48e72 h, the drainage tube
patency and drainage of the irrigation fluid should be ensured;
normal saline is recommended for irrigation.92

Can VSD be used in intestinal fistula and pancreatic fistula
treatment?

Recommendation 6: VSD facilitates adequate drainage, con-
trols infections, and promotes wound healing in the treatment of
enterocutaneous, enteroatmospheric, and pancreatic fistulas
(Grade B).

A total of 22 studies were included, one RCT,110 one systematic
review,111 and 20 observational studies.80,93,110e127

Intestinal fistulas include enterocutaneous fistulas (ECFs) and
enteroatmospheric fistulas (EAFs). In intestinal fistulas, VSD can be
used as the fistula mouth or surrounding wound drainage to reduce
fistula exudates, control secondary infection, and improve healing.
In the subgroup study of therapeutic VSD and pVSD, two obser-
vational studies showed that therapeutic VSDminimized erosion of
the surrounding tissue by the digestive juice, avoided secondary
infection, and promoted intestinal fistula closure. Polyvinyl alcohol
white foam and the intubation vacuum suction method are rec-
ommended.79,99 There have been reports on the use of poly-
urethane black foam for the treatment of acute intestinal fistulas,
with direct sealing, full coverage, and continuous drainage of the
suction cups. Five observational studies showed that the applica-
tion of polyurethane black foam reduced fistula exudate, improved
wound healing, and facilitated intestinal fistula closure.112,119e121,128

VSD can be used as a temporary preoperative measure in chronic
intestinal fistulas to isolate wounds and bowel fistulas with poly-
urethane foam dressings. One RCT showed that VSD increased the
natural closure rate of fistulas.110 A case-controlled study applied
VSD in 16 cases of intestinal fistula and found that VSD accelerated
the healing of intestinal fistulas comparedwith traditional methods
(8 cases).126 Eight observational studies have shown that VSD can
control fistula exudates, improve wound healing, and increase the
success rate of intestinal fistula repair.111e118

In one observational study, 12 cases of high intestinal fistula
were treated with VSD. In the end, all patients had spontaneous
healing, with an average healing time of 45.3 days.119 Magalini
et al.120 reported that the use of negative pressure closure and
drainage successfully promoted self-healing for three cases of
duodenal fistula and avoided reoperation. Pepe et al.122 reported
the successful cure of four cases of intestinal fistula using negative
pressure closure. Boulanger et al.121 reported that a case of small
intestinal fistula successfully healed following negative pressure
closure. Another case report showed that the use of negative
pressure closure and drainage in the incisionwounds of three cases
of multiple intestinal fistulas facilitated control of the intestinal
fistulas and promoted proliferation of granulation tissue on the
wound surface, thereby creating conditions for the definitive
digestive tract and abdominal wall reconstruction. One observa-
tional study suggested that additional studies were needed to
assess the role of VSD.118

One systematic review of the literature retrospectively included
10 articles with a total of 151 ECF patients and showed that over 58
(12e90) days, the average healing rate of VSD was 64.6% (7.7%e
100%).111 In Bobkiewicz et al.'s110 observational study, 16 ECF pa-
tients undergoing VSD therapy and another 8 undergoing routine
treatment were compared. The results showed that the frequency
of dressing changes, healing times, treatment costs, and times
required for the body temperature to return to normal, onset times
of enteral nutrition, and incidences of secondary related compli-
cations were significantly lower in the VSD group than in the
control group. A controlled study by Boulanger et al.121 investigated
18 cases of enteroatmospheric fistula undergoing continuous irri-
gation and negative pressure drainage using a self-made double-
lumen drainage tube and 20 cases of ECF undergoing wound filling
using a self-made drainage dressing or VSD at the fistula opening.
The results showed that wound filling using the self-made drainage
dressings or VSD at the fistula opening shortened the time for ECF
wound healing, reduced the frequency of dressing changes, and
shortened the hospitalization period.

Treatment of an open abdomen with an enteroatmospheric
fistula is very tricky. VSD has been reported to have many advan-
tages for the treatment of enteroatmospheric fistulas.93,127

Regarding the study of isolation techniques for enteroatmo-
spheric fistulas, four observational studies showed that VAC could
be combined with a “ring”/“silo”, tire ring, or pacifier method to
isolate wounds and intestinal fistulas.80,123e125

VSD is not recommended for the prevention and treatment of
colonic fistulas because the colon secretes mucus, which can block
the foam material and result in ineffective drainage.92

Can VSD be used in the treatment of intra-abdominal and
extraperitoneal abscess?

Recommendation 7: Use of VSD technique for the treatment of
intra-abdominal and extraperitoneal abscesses facilitates adequate
drainage, controls infection, and promotes wound healing (Grade
C).

A total of 6 observational studies were included.20,48,52,71,121,129

The effects and feasibility of VSD for severe intra-abdominal
infections and abdominal abscesses caused by severe pancreatitis
or perforation of the gastrointestinal tract were analyzed. Wond-
berg et al.20 suggested that VSDwas safe for an OA in cases of severe
intra-abdominal infection and improved patient quality of life.
Ruiz-Lopez et al.52 found that VSD after abdominal infection and/or
abdominal hypertension shortened the recovery time and
increased the success rate of abdominal closure. Additionally,
Kirkpatrick et al.71 showed that VSD did not accelerate pus drainage
nor reduce systemic inflammatory markers.

Regarding the effect of VSD in complex conditions with different
pathogenic factors, an observational study of VSD for post-
perforation abscesses in diverticulitis proved that VSD reduced
the mortality and permanent rate of intestinal ostomy.121 Another
observational study of pancreatic abscesses by Olejniket et al.48

showed that VSD reduced mortality and other complications. A
retrospective study of VSD in intraperitoneal abscesses with mul-
tiple causes showed that the incidence of VSD-related
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complications and the rate of abdominal closure in stage I were
increased. However, the benefits for other subgroups need to be
further investigated.129

Can VSD be used in the treatment of abdominal wall wounds,
wound cavity and defects?

Recommendation 8: VSD can be used for the treatment of
abdominal wounds, wound cavities, and defects with various cau-
ses and can facilitate adequate drainage, control infections, pro-
mote granulation tissue hyperplasia and wound healing, and
shorten the repair time (Grade C).

A total of 14 articles were included, of which 12 were observa-
tional studies48,61e63,66,112,129e133 and 2 were animal experimental
studies.87,88

VSD can be used for the treatment of abdominal wall defects
with different causes. Infection-induced abdominal wall defects
can be treated with negative pressure drainage; one observational
study of abdominal wall infections, necrotizing fasciitis, and
abdominal wall defects caused by abdominal wall liposuction
showed that the use of VSD promoted necrotic tissue drainage,
controlled infection, promoted granulation, and facilitated early
reconstruction of the impaired abdominal wall.134 Traumatic
abdominal wall defects can be treated with negative pressure
drainage; two animal experiments investigated abdominal wall
defects caused by explosion and showed that application of VSD in
early TAC effectively protected the exposed organs, prevented the
need for an intestinal fistula, reduced the incidence of wound and
abdominal infection, shortened the preoperative preparation time,
reduced the number of dressing changes, and facilitated early
closure of the abdominal cavity.87,88

Several key technical points should be considered for the use of
VSD for abdominal wall defects. Chen et al.133 suggested direct
coverage of VSD dressings on the surface of the intestinal tract and
immediate skin grafting after granulation formation. While Aydin
et al.132 supported indirect contact with the intestinal tract and
recommended the use of greater omentum or synthetic materials
(such as silica gel mesh) to fence out the intestine and dressings.
After then negative pressure drainage was applied to promote
granulation. One observational study concluded that direct contact
of the dressing with the intestinal tract had the risk of causing an
intestinal fistula.130 With respect to negative pressure in abdominal
wall defects, six observational studies recommend that the nega-
tive pressure should be at the range of 70e100 mm
Hg.61e63,66,112,132

VSD is performed in the repair stage of abdominal wall defects.
Three observational studies have shown that VSD can be used in
combination with defect repair using synthetic materials (absorb-
able or non-absorbable) or flap transfer and skin graft during the
repair and reconstruction of abdominal wall defects, which can
increase the survival rate and shorten the healing time.48,129,131

Does VSD increase the risk of bleeding?

Recommendation 9: Direct contact of VSD foams with blood
vessels should be avoided. The use of spacers with self-tissue or
artificial materials is recommended and close observation of
drainage traits is nonnegligible (Grade C).

A total of 8 observational studies were included.135e142

Although PU material has a large pore size and the potential to
injured blood vessels and causes hemorrhage, vascular complica-
tions caused by VSD are rare in clinical practice.136,137 Bleeding
often results from bleeding from fresh granulation tissue, but
delayed hemorrhage due to vascular wall erosion after vascular
injury is fairly common. Bleeding after VSD is mainly due to the two
situations: coagulation dysfunction and placement of VSD devices
directly on the exposed heart or blood vessels, especially blood
vessels after anastomosis, from which the suction may block thin-
walled blood vessels and cause bleeding.137 An observational
study has shown that multiple hemorrhages occur after VSD
treatment in patients with proximal vascular anastomosis.138 To
prevent such bleeding, an artificial barrier should be placed be-
tween the drainage surface and the foam to avoid affecting
contraction of the wound and suction of exudates.139,140 Severe
bleeding of the aorta after application of VSD to the sternotomy
incision was observed in some cases, indicating that scattered
fragments at the wound should be removed before applying
negative pressure.141 One study has also found that VSD device
blockage might cause active bleeding.142 A retrospective study on
16 patients with deep spinal infection showed two cases of
bleeding associated with continuous negative pressure after
surgery.135

Does VSD increase the risk of intestinal wall injury?

Recommendation 10: When using VSD, the risk of intestinal
injury should be monitored (Grade B).

A total of 19 articles involving VSD-related secondary intestinal
injury after abdominal surgery were included, of which 2 were
RCTs143,144 and 17 were retrospective studies.19,30,55,93,98,130,145e155

Whether the use of VSD after abdominal surgery can lead to
secondary intestinal injury and increase the incidence of intestinal
fistulas is controversial. At present, an increasing number of studies
have confirmed that the use of VSD does not increase the incidence
of intestinal fistulas.21,30,34,50,55,96,127,145,148,152,154,156

For patients who had no intestinal fistula before surgery, the
incidence of intestinal fistula was 1.6%e37% after VSD-assisted
TAC.19,93,98,130,144e151 In the prospective studies, two RCTs143,144

compared the incidence of intestinal fistulas in TAC surgeries us-
ing VSD and absorbable mesh fixed on the abdominal fascia and
found no significant differences. Among the five observational
studies, Plaudis et al.55 applied VSD for the treatment of ACS and
peritonitis in 22 patients, of whom three had intestinal fistulas.
Navsari et al.148 treated 20 abdominal trauma patients with VSD
after surgery, of whom one occurred secondary intestinal fistula
and one had intestinal necrosis. Rao et al.30 applied VSD in 29 pa-
tients after abdominal surgery andmet 6 cases of intestinal fistulas.
However, in a prospective observational study of 578 patients un-
dergoing abdominal surgery, Carlson et al.152 found that the use of
VSD did not increase the incidence of intestinal fistulas or intestinal
insufficiency; sample matching in this study included a total of 187
pairs of patients and the analysis showed the same conclusions. In a
prospective study examining clinical outcomes associated with a
negative pressure wound therapy system and Barker's vacuum-
packing technique performed by Cheatham et al.,153 280 patients
undergoing abdominal surgery were included; 178 were treated
with VSD, of which 13 had gastrointestinal ischemic necrosis, 7
intestinal fistulas, and 5 intestinal obstruction. Among the 102
patients treated with Barker's vacuum-packing technique, 3 had
gastrointestinal ischemic necrosis, 4 intestinal fistulas, and none
intestinal obstruction. The outcomes of using VSD and Barker's
vacuum-packing technique were not significantly different. Kleif
et al.154 found that the use of VSD together with mesh-foil-
mediated closure reduced the incidence of intestinal fistulas. In a
retrospective study of 108 patients undergoing surgical treatment
for severe diffuse peritonitis, Mutafchiyski et al.146 found that the
incidences of intestinal fistulas in the groups treated with VSD-
assisted TAC and mesh-foil laparostomy were respectively 8% and
19%, but without statistical significance. In another two studies by
Bee et al.144 and Carlson et al.,152 incidence of intestinal fistulas after
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VSD was higher than that of the mesh-foil group, but the difference
was not significant.

Five observational studies have shown that OA negative pres-
sure wound treatment does not increase the incidence of intestinal
fistulas.98,145,147,151,155 Shaikh et al.155 observed 42 cases of VSD
treatment for abdominal incision dehiscence and OA over 5 years.
The results showed that the VSD technique was safe and had no
direct correlation with the incidence of intestinal fistulas. In a
retrospective study performed by Fieger et al.,147 82 patients with
open abdomen underwent VSD therapy, 16 had intestinal fistulas.
Similarly, Bj€orck et al.98 showed there's no difference in the inci-
dence of intestinal fistulas between the group using VSD and the
group using mesh-mediated fascial traction for TAC after abdom-
inal surgery. A retrospective study performed by Mintziras et al.151

of 43 patients with secondary peritonitis treated with VSD post-
operatively, 16 developed intestinal fistulas and the receiver oper-
ating characteristic curve (ROC) analysis found that VSD treatment
significantly reduced the incidence of intestinal fistulas when the
application duration was less than 13 days. In a double-center
retrospective study of 81 patients undergoing laparotomy per-
formed by Acosta et al.,145 the results showed no correlation be-
tween intestinal fistula formation and VSD therapy. Additionally, a
retrospective study byMontori et al.157 showed no difference in the
incidence of intestinal fistulas between the use of VSD and the
modified Barker negative pressure package after abdominal
surgery.

Mechanisms of intestinal injury secondary to abdominal VSD
include the following. (1) Injury accompanied by abdominal or
systemic pathological changes,145,151,152,155 including peritonitis &
diverticulitis,85 mesenteric ischemia, arterial blood lactate greater
than 3.5,152 intestinal blood supply insufficiency, pancreatic ne-
crosis, and diverticulitis.34,145,154 (2) Injury caused by decreased
blood flow to the intestine due to negative pressure. Two obser-
vational studies showed that a negative pressure value of �17 kPa
(�125 mmHg) had excellent drainage effects and caused little
damage to the small intestine.8,17 One observational study showed
that a negative pressure of �6.7 kPa to �22.6 kPa (�50 mmHg
to �170 mmHg) significantly reduced the intestinal microvascular
blood flow and the reduction amount was positively correlated
with the negative pressure values.142 Two observational studies
showed that �10.6 kPa (�80 mmHg) was the optimal negative
pressure for blood perfusion and cell growth23,24; however, the
setting of negative pressure value needs to be further investigated.
(3) The injury caused by direct stimulation of foammaterials, which
is associatedwith an excessive long application of VSD and frequent
replacement.55 Two observational studies have shown that trim-
ming the foam to approximately 1 cm from the anastomosis,158,159

placing the greater omentum between the foam and the intestine,
applying hydrocolloid Ag dressing, and open hole dressing (such as
Vaseline gauze, plastic films, or Bogota bag) can reduce spotty in-
testinal hemorrhagic lesions.19,160

Does VSD increase the risk of peritoneal adhesion?

Recommendation 11: During the application of VSD, the
occurrence of peritoneal adhesions should be monitored. When
applying VSD-assisted TAC, placement of a plastic film between the
intestine and the abdominal wall helps reduce adhesions and
improve early closure of the fascia (Grade C).

A total of 9 articles were included, with eight retrospective
studies161e167 and one expert consensus.168

Intestinal adhesion is a common complication after abdominal
surgery, with an incidence of up to 90%.169e173 Peritoneal adhesion
mainly refers to abnormal adhesion between the intestinal tracts,
between the intestine and the peritoneum, or between the
intestine and the intra-abdominal organs.174 Pathological factors,
such as peritoneal inflammation, mechanical injury, tissue
ischemia, and foreign body implantation, can cause damage to the
peritoneal surface, leading to the occurrence of peritoneal
adhesions.175e182 The impact of the intraperitoneal application of
VSD on the formation of peritoneal adhesions has not been estab-
lished. One observational studies by Magalini et al.120 suggested
that the use of VSD to enhance drainage of gastrointestinal fistulas
could reduce the extent and scope of intestinal adhesion and
facilitate subsequent surgery.

In OA surgeries for the treatment of diseases such as ACS, the use
of VSD-assisted TAC technology can effectively reduce the intra-
abdominal pressure but cannot avoid the formation of
adhesions.161e163 Intestinal adhesions and fascia retraction could
occur with prolonged length of the abdominal opening; if the
abdominal wall cannot be closed early, skin grafting must be per-
formed on top of the granulation tissue, to form a planned
abdominal hernia.162,164e167 Consensus on the open abdomen in
trauma 2016168 recommended the use of a layer of polypropylene
plastic film between the VSD and the intra-abdominal organs to
reduce the incidence of intestinal adhesion, thus facilitating fascial
closure and reducing the occurrence of related complications.

Summary

There are many problems to be solved in abdominal surgeries.
The invention of VSD and related technologies has brought hope to
the treatment of some abdominal surgery complications. Proper
use of VSD in abdominal surgery can lower the risk of infection in
the high-risk abdominal incision with primary suture, treat the
severely contaminated/infected surgical site and for the temporary
abdominal cavity closure. However, the recommendations in this
guideline were concluded based on the clinical using experience
and the research results, some of which were with small sample
retrospective ones. So more high-quality RCTs are needed to vali-
date and improve the future application of VSD for abdominal
surgery.
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