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Introduction

Background

Anastomotic  leak after  gastrointest inal  (GI)  and 
oropharyngeal surgery is a serious complication with 
significant morbidity and mortality (1,2). These often-
devastating situations can occur in 0.7–19% of patients 
undergoing surgery on the GI tract (3-5). Although 
classically these catastrophic events were addressed with 
emergent surgery which would entail either primary 

repair, diversion, or additional resection with or without 
reconstruction and intentional fistulae (1), today multiple 
modalities have been developed to treat these challenging 
complications including endoscopic suture repair, clip 
placement, stenting, radiographic drainage or diversion 
and/or most invasively, surgical salvage (6). In the search 
for the optimal treatment, endoluminal vacuum (EVAC) 
therapy was developed in Germany in the early 2000s and 
has seen increasing uptake in the United States (7-10). This 
novel technique was initially described as treatment for 
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anastomotic leaks after low anterior resection (8) but is now 
being applied throughout the GI tract from the oropharynx 
to the rectum.

Mechanism of action

The mechanism of EVAC therapy is similar to that 
of superficial wound vacuum therapy (11). A porous 
sponge is placed over the area of injury and negative 
pressure is applied. This prevents further contamination, 
evacuates fluid, and removes necrotic and infected tissue. 
The local debridement and negative pressure promote 
neovascularization and new tissue growth. This contrasts 
with radiographic drainage and/or endoscopic stenting 
where control of leaking contents is the main goal. The 
consistent control of leakage with suction, in combination 
with tissue debridement and granulation allow for a more 
efficient and effective therapy for GI defects. For best 
effect, sponges should be exchanged every 3–5 days. These 
principles now used for decades in open wounds, now can 
be translated, and safely applied to anastomotic and other 
oropharyngeal and GI defects with excellent success rates.

Rationale & objectives

Although it has been nearly 20 years since its initiation 
EVAC is still only an emerging technique in the United 
States with only several centers routinely using this 
technology (7-10). EVAC therapy has the potential to 
drastically change patient outcomes, a truly comprehensive 
review exploring existing research and presenting surgical 
technique can both fill a lacuna in the literature and serve 
as a resource for proper implementation of the technique. 
As such, in this paper, we aim to present the basic method 
of EVAC assisted therapy, review the current literature 
around EVAC utilization, and present our experience with 
the technique for various anatomic locations in order to 
address these gaps. Furthermore, we present considerations 
and lessons learned for programs that wish to investigate 
this technique for possible future utilization in their own 
practice. Below we describe our modified technique as well 
as systemic review of application of the EVAC technology.

EVAC technique, application and discussion

General review of the technique

Endoluminal wound vacuum therapy begins with an 

endoscopic assessment in either the operating room or 
endoscopy suite. Upper GI defects may require intubation 
while lower GI defects can often be managed with sedation 
alone. Carbon dioxide insufflation is preferred as air 
insufflation leads to persistent intraperitoneal and/or 
intrathoracic air.

At the initial endoscopy, the location, extent, defect 
size and associated cavity should be assessed. Defects 
larger than 1 cm allow passage of the endoscope through 
the defect and into the cavity to remove leaked fluid and 
debride necrotic tissue. The distance from the anal verge or 
incisors is noted and recorded to recognize unintentional 
sponge displacement. If debridement of necrotic tissue 
is necessary, it can be done with the large, rat-tooth 
type grasping forceps (Raptor 360, Steris, Mentor, OH, 
USA). This should be done anytime there is significant 
necrotic or white, fibrinous tissue (similar to what is seen 
with superficial wound vacuum devices) that will delay 
the formation of granulation tissue. Debridement can be 
done at the initial presentation and placement as well as 
latter exchanges. Narrow luminal defects leading to larger 
extraluminal cavities can be dilated to 10 mm (to allow 
passage of a standard, adult endoscope) with through-the-
scope dilating balloons to allow thorough debridement and 
fluid evacuation.

Once the  perforat ion has  been ident i f ied  and 
characterized, the placement location and sponge size 
should be determined. Defects >1 cm with an associated 
extraluminal cavity are typically managed with extraluminal 
placement of the sponge. It is unnecessary to fill the 
cavity with the sponge as the suction will reduce the size 
significantly. Instead, continue extraluminal placement 
until the cavity is less than 5 mm in depth and avoid 
placing sponges larger than the diameter of the defect and 
approximately half the depth of the cavity.

The EVAC sponge is created with a 16 or 18 Fr 
nasogastric tube (NGT), a small black foam sponge 
(KCI, San Antonio, TX, USA) and 0-Ethibond sutures 
(Ethicon, Johnson & Johnson, USA) (Figure 1A). For 
esophageal defects in which the NGT was secured in the 
nose, the uncut NGT was placed via the nares and into the 
hypopharynx, grasped with a Magill forceps in the back 
of the throat and withdrawn through the mouth prior to 
cutting and suturing the sponge to it. This is not needed 
for colorectal placement. The black foam is cut to length of 
the defect (approximately 1–5 cm) with a diameter between 
1–3 cm in a cylindrical shape (Figure 1B). Colorectal 
sponges can be made relatively wide (3 cm) if needed; 
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however, esophageal sponges larger than 2 cm in diameter 
are exceedingly difficult to ‘drag’ down the esophagus and 
should be avoided.

Once the sponge is cut to the appropriate size, the tip of 
the NGT is cut to match the length of the sponge, ensuring 
that all holes are covered (Figure 1C). The NGT is then 
‘tunneled’ within the sponge and secured with one suture 
at the base, ensuring the suture included both walls of the 
NGT as well as the sponge (Figure 1D). A small air knot 
is created at the tip to assist with positioning that can be 
grasped with the rat tooth grasper (Figure 1E). Utilizing a 
monofilament suture (Monocryl, Ethicon Inc., Raritan, NJ, 
USA) can facilitate release of the suture from the rat tooth 
grasper as the braided Ethibond (Ethicon Inc., Raritan, 
NJ, USA) can be difficult to ‘let go of’ when coated with 
mucus. At least 1 additional suture is placed at the base, 
and between 0 and 2 sutures placed in between as needed, 
to avoid sponge displacement from the NGT (Figure 1F). 
These sutures are placed in a ‘stick-tie fashion’, completely 
wrapping around the sponge and tubing to avoid sponge 

dislodgement. In preparation for suction initiation, the 
‘lily pad’ portion is cut and discarded so that tubing itself 
inserts into the clear NGT channel and reinforced with 
clear pad adhesive plastic from the wound vac package. This 
connection can be further sealed with a small tegaderm 
(3MTM TegadermTM, St. Paul, MN, USA) to avoid leakage 
or inadvertent disconnection (Figure 1G). The blue, sump 
port, on the NGT is plugged or knotted.

To place the sponge, a small amount of lubrication is 
placed on the sponge itself and the air knot grasped with 
the forceps or a snare running through the working channel 
of the endoscope. Excess suture (from the air knot) is 
withdrawn into the working channel so that the sponge laid 
tightly alongside the endoscope itself without obstructing 
the view. The tip of the endoscope and sponge are then 
inserted ‘as one’ into the rectum or the hypopharynx with 
plenty of lubricating jelly along the endoscope and NGT. 
Gentle traction on the NGT helps reduce looping while 
dragging it with a grasper or snare. Additional lubricating 
jelly should be applied as the NGT enters the nare 

Figure 1 EVAC set-up and assembly, and endoluminal set-up and assembly. (A) Equipment and supplies needed: 18 Fr NGT, black foam 
sponge pack (KCI, San Antonio, TX, USA), 0-Ethibond sutures, heavy scissors, needle driver. (B) Black foam was cut to length of the 
defect in cylindrical shape. (C) 18 Fr NGT tube cut to match length of the sponge ensuring all suction holes are covered. (D) Tunnel 
created bluntly with a tonsil clamp within the center of the sponge and NGT inserted and secured 0-Ethibond suture at base, traversing 
NGT lumen with substantial bites of sponge. (E) Additional suture at tip of sponge, also securing NGT lumen, with an air knot to assist 
with positioning. (F) EVAC device with suture and air knot at tip and 2 sutures at base. (G) Tubing from WV kit cut, ‘lily portion cut and 
discarded so that tubing itself inserts into clear NGT channel and reinforced with clear pad’ adhesive plastic from WV package. EVAC, 
endoluminal vacuum; NGT, nasogastric tube; WV, wound vacuum. 
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externally to reduce ‘drag’.
Once past the cricopharyngeus or anal sphincter, the 

sponge is positioned either within the cavity (for large 
defects) or within the GI tract lumen (Figure 2). Once 
appropriately positioned, suction (125 mmHg) is initiated, 
and the grasper released. To avoid accidental displacement 
after the air knot is released, we utilize a twisting/
rotational motion to minimize friction between the rubber 
scope housing and the NGT. If the defect is angulated 
or difficult to visualize, concomitant fluoroscopy can be 
used to ensure sponge overlap of the defect by marking 
the proximal and distal margins with the endoscope and 
externally with radio-opaque markers (paper clips) and 
then ensuring the radio-opaque line within the NGT 
overlaps both clips.

For esophageal defects, the NGT is secured with a nasal 
bridle (Corpak, Medline Industries, Northfield, IL, USA) 
taking care to note the distance and informing all staff 
not to displace or attempt re-positioning of the tube in 
the event of accidental displacement. Avoiding intentional 
displacement by patients can be done by asking which nare 

is preferred. For lower GI tract placement, the tube was 
brought posteriorly up the gluteal cleft and then over the 
hip to either side. In an outpatient setting, securing the 
tube with suture in two places is advised. For inpatients, 
the clear adhesive wound vac dressing is adequate and 
should be applied generously around the tube beginning at 
the top of the cleft and anteriorly around the hip (Figure 3). 
Patients can ambulate as desired but must always maintain 
suction.

We exchange the sponge at least twice per week, typically 
every 3–5 days, or when it is apparent that the system has 
dislodged, becomes clogged, or fails due to loss of suction. 
Clinical decompensation warrants endoscopic evaluation 
and replacement as often the sponge is clogged or displaced 
even if it hasn’t been expelled completely. Frequent 
endoscopic exchanges also allow monitoring and photo-
documentation of healing which is especially important 
when multiple endoscopists are involved (Figure 4).

For low colon-rectal defects, less than 10 cm from 
the anal verge and/or a defect less than 1 cm in size, we 
typically recommend limited activity initially as the risk of 

Figure 2 Esophagogastroduodenoscopy with initiation of EVAC therapy. Patient with defect at esophagogastric anastomosis extending into 
proximal gastric conduit after robot-assisted minimally invasive Ivor Lewis esophagectomy for gastroesophageal junction adenocarcinoma. (A) 
Middle of esophagus, arrow indicates esophagogastric anastomosis. (B) Ulceration and exudate in proximal gastric conduit, arrow indicating 
defect. (C) Defect in retroflexion. (D) EVAC placed at anastomosis, note this EVAC used Prolene suture in place of Ethibond suture, NGT 
cut, transferred transnasal and bridled. EVAC, endoluminal vacuum; NGT, nasogastric tube. 
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Figure 3 Secure EVAC externally in lower gastrointestinal tract. 
After placement of EVAC with colonoscopy, the EVAC tubing is 
positioned superior at top of the cleft and runs anteriorly around 
the hip, secured with clear adhesive wound vac dressing. Arrows 
indicate where additional adhesive pads should be applied to 
decrease the chance of accidental displacement of the tubing 
causing possible dislodging of the sponge. EVAC, endoluminal 
vacuum. 

Figure 4 Sequential photo documentation of healing. Evidence of healing seen on sequential photos throughout the treatment. This is 
demonstrated by decreased defect size, decreased necrotic material, and increased granulation tissue. (A) Anastomotic leak after laparoscopic 
sigmoidectomy at commencement of treatment. (B) At day 3. (C) At day 6. (D) At day 11. (E) At day 15. (F) At completion of therapy (day 
19). Note lumen in the right lower quadrant of the photo and remaining concavity where the defect was (upper aspect).

displacement is high. However, these defects can often be 
sealed in 2 exchanges, so bedrest is only needed for 1 week 
or less. Lower GI tract patients should also be kept nil per 
os (NPO), with total parenteral nutrition (TPN), until 
the defect is well granulated (Figure 5) and the patient’s 
labs are normalizing (typically 5–10 days, 1–3 sponge 
exchanges) if they are not proximally diverted. Upper 
GI tract patients are nourished with TPN or via feeding 
access distal to the EVAC. Feeding access can be achieved 
with a tube alongside the NGT and sponge that extends 
distally. Alternatively, a dual lumen tube can be used for 
both feeding and suctioning (12). Sponge exchanges can 
also be done alongside percutaneous gastrostomy and/or 
gastro-jejunostomy placement to allow ongoing feeding 
independent of EVAC therapy (13). EVAC therapy is 
deemed complete when the defect is fully sealed to the 
retroperitoneum, mediastinum, or surrounding tissue, even 
before full granulation tissue. Once the leak is contained, the 
EVAC can be discontinued. Full granulation tissue and/or 
mucosal coverage is unnecessary. We routinely confirm leak 
containment with a contrasted study after EVAC removal.
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Systemic review of EVAC application based on anatomic 
location

Pharynx and larynx
Perhaps the most recent application of EVAC therapy has 
been reported in head and neck surgery. The utilization 
of this technique was first documented in 2019 in post 
laryngectomy fistulas by a group from Hamburg Germany, 
where a fistula was closed successfully after 14 days 
of treatment (14). Another publication from 2021 by 
Steinbichler et al. describes closure of pharyngocutaneous 
fistulas in 5 of 6 patients with an average therapy duration 
of 18.5 days/4 vac exchanges (15). At our institution we 
have utilized EVAC in seven patients after complicated head 
and neck surgery. Healing was achieved in all patients after 
average of 3 exchanges (range, 2–5) and after 17 days (range, 
7–30). We had one death in this group which was unrelated 
to EVAC therapy.

Esophagus
The first published report of successful healing of 
esophageal injuries with EVAC therapy is again from 
our German colleagues. Wedemeyer et al., a group in 
Hannover, Germany reported successful defect closure 
in two patients in their initial study from 2008 (7). Since 
then multiple other authors have described utilization 
EVAC in esophageal injuries or leaks. A group from Dallas 
led by Dr. Leeds has shown that the EVAC technology is 
effective in management of esophageal leaks from multiple 
different etiologies such as spontaneous perforations, 
iatrogenic injuries, or surgical leaks (16). Shalaby et al. 

reported analysis of 17 studies with total of 276 patients 
where [95% confidence interval (CI): 80.1–90.5] with 
median duration of EVAC was 47 days (range, 64.6–87.2). 
Their conclusion is that EVAC therapy is highly effective 
in healing injuries and is a safe option in appropriately 
selected patients (10). Scognamiglio et al. in a similar study 
reviewed five studies including 274 patients, comparing 
EVAC and self-expanding metallic (SEM) stents in patients 
with anastomotic leak after esophageal surgery and found 
that EVAC was associated with higher closure rate, shorter 
duration of therapy and lower mortality rate compared 
to SEM stents (17). Jung et al. reviewed 29 studies with 
upper GI tract defects involving 498 participants and 
demonstrated a successful closure rate with EVAC of 85%, 
three times higher than with SEM stents (18). A unique 
use of EVAC therapy was published by a group from 
Switzerland and the United Kingdom where preemptive 
EVACs were placed after esophagectomy. After its use in  
67 patients, anastomotic leaks were encountered in just 7.5% 
of patients and 1 of those had an uncontained leak because 
of proximal gastric conduit necrosis (19).

Clear benefits of the EVAC technology are easier and 
better fixation in place. Further we feel that this technology 
is very well suited for defects larger than 1 cm. Nevertheless, 
complications of EVAC therapy have to be recognized and 
these, although rarely reported range from minor such as 
NGT related discomfort to major complications such as 
bleeding and strictures, and erosions of the sponge into 
nearby vessels (20-22).

Our experience is similar. We have managed 12 patients 
with an 92% success rate with average of 3.4 wound vac 

Figure 5 Granulation tissue during endoluminal vacuum therapy. (A) EGD with granulation at defect site, this in patient with iatrogenic 
duodenal perforation following EMR. (B) EGD with granulation tissue at defect site, patient with anastomotic leak after laparoscopic 
sigmoidectomy for perforated diverticulitis. EGD, esophagogastroduodenoscopy; EMR, endoscopic mucosal resection. 
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exchanges per patient over average of 14 days (range,  
5–26). Specific tips for esophageal or gastric conduit leaks 
include taking care not to oversize the sponge as diameters 
>3 cm can be very difficult to maneuver and are often 
unnecessary. Additional, rotational torque can be applied 
to the scope during withdrawal to avoid the plastic-on-
plastic binding with the nasogastric tubing that can lead to 
inadvertent sponge displacement.

Non-bariatric stomach
A relatively small group of patients have undergone EVAC 
therapy for leaks after non-bariatric surgery. Smallwood et al.  
described two patients that were successfully treated after 
iatrogenic gastric perforation or repair of traumatic injury. 
The first required 36 days of treatment and 8 vac changes; 
the second required 27 days of treatment and 5 changes to 
achieve healing (9). A group from Korea reported success 
in 100% of 11 patients with leaks after gastrectomy for 
gastric cancer. In this study four patients were treated 
with primary EVAC therapy and the remaining seven had 
failed SEMS treatment. When comparing outcomes to 
SEMS, they reported a significantly shortly duration of 
therapy (11 vs. 19.5 days, P=0.043) and lower failure rate, 
when including patients converted to EVAC therapy (0% 
vs. 26.7%, P=0.089). In this study one of the drawbacks to 
EVAC therapy after gastrectomy was stated as inability to 
commence enteral feedings shortly after initiation as can be 
done in cases of SEMS. Nevertheless, the authors felt that 
this did not affect the outcomes adversely (23).

Bariatric stomach surgery
Several studies have demonstrated resolution of staple line 
leaks after Roux-en Y (RY) gastric bypass surgeries as well 
sleeve gastrostomies, treated with endoscopic stenting (24-27). 
In 2016, Leeds et al. published 100% successful healing in  
9 patients with staple line leaks after sleeve gastrectomy (28). 
More contemporary data from the same group described 
success in 21 out of 26 bariatric patients (81%) (29). Based on 
the available data, EVAC therapy results are very promising 
and perhaps eventually we can move away from surgical 
exploration in complex bariatric patients.

Duodenum
To date, there are several small case series or reports 
describing the successful management of duodenal leaks 
with EVAC therapy. A team from Tubingen, Germany 
describes successful utilization of EVAC therapy combined 
with antibiotic therapy in two patients who presented with 

spontaneous duodenal diverticulum perforation, a very rare 
yet life-threatening complication. In this report the team 
mentions that both patients healed after 20 days of only 
EVAC therapy and four vacuum changes. Both patients 
had healing documented with radiologic imaging (30). The 
largest study is by a combined group from Switzerland and 
Germany who documented success in 80% of 10 patients 
with duodenal perforations of various etiologies (iatrogenic 
perforations during endoscopies or surgical procedures, 
duodenal ulcer perforations, and anastomotic leaks). In this 
study the patients were treated only with EVAC therapy and 
antibiotics. No other endoscopic techniques where used, 
but the one patient who did not heal with EVAC underwent 
surgical exploration, repair, and drainage. The average 
therapy duration was 9 days (range, 7–31) (31).

Another group from Milan, Italy describes closure of 
duodenal stumps after subtotal or total gastrectomy’s with 
RY reconstructions in seven consecutive patients. In this 
study, due to technical difficulty owing to location required 
accessing the site of injury through retrograde endoscopic 
technique and using long, large bore suction tubing (French 
14–18). Procedures were performed using a pediatric 
colonoscopy under fluoroscopic guidance. A guidewire was 
used to position the vac system correctly with appropriate 
tension from both the enteric and cutaneous aspects of the 
fistula. Healing was achieved in all patients with 12±5 days 
of therapy (32). All these results, despite more technical 
difficulties, are very encouraging.

At our institution, we managed a patient who suffered 
an iatrogenic duodenal injury after endoscopic resection 
of a large tubular adenoma on the posterior wall of the 
duodenum near the ampulla of Vater. Numerous modalities 
were attempted prior to EVAC therapy including surgical 
exploration with wide drainage, percutaneous biliary 
drainage, and repeated radiographic drainage. The patient 
continued to decline and was offered EVAC therapy as an 
alternate to a salvage pancreaticoduodenectomy. The defect 
required multiple debridement’s and prolonged EVAC 
therapy due to constant exposure to bile but successfully 
healed over 31 days and 6 exchanges (33).

Small bowel
A very interesting technique for accessing the small bowel 
has been described by Krajinovic et al. This team described 
utilization of a “rendezvous technique” where EVAC 
placement is assisted by means of a pullback string, where 
a string is inserted through the anastomotic leak, captured 
by the endoscope, and pulled back though the area of injure 
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placing the sponge in the correct site under endoscopic 
guidance. This technique led to the complete closure of an 
anastomotic leak after 27 days and 7 changes (34).

However, cases in which a patient’s anatomy has 
been altered surgically can present an opportunity to 
access small bowel endoscopically in a similar fashion 
as the upper GI tract. We utilized this feature when 
we successfully treated a patient with an anastomotic 
leak after pancreaticojejunostomy. Leak was diagnosed 
on postoperative day four and initially treated though 
exploratory laparotomy, repair, and drainage, this failed, thus 
endoscopic clipping combined with imaging guided drainage 
was attempted. Unfortunately, these maneuvers failed 
again, thus the team attempted an endoscopic vac therapy. 
Placement of the EVAC was done via the roux limb. This 
was aided using a pediatric colonoscope. Oxygen tubing was 
utilized in place of a NGT to achieve the additional length 
for sponge placement. After 6 weeks of treatment and eight 
vac changes the fistula had healed (unpublished data). The 
biggest draw back in this case was the difficulty of placing 
the vac device in the correct space which required special 
equipment as well as advanced endoscopic skills.

Colorectal
The first description of EVAC therapy by Weidenhagen 
et al. was for the treatment of anastomotic leaks after low 
anterior resection. This group reported 97% successfully 
closure of anastomotic leak in 29 with an average therapy 
duration of 34 days (8). Borstlap et al. reported in 2017 
healing of 16 out of 30 (53%) anastomotic leaks after total 
mesorectal excision (TME) for cancer. In this study all 
patients had been diverted via an ileostomy either during 
the index procedure or once the leak was identified though 
imaging or endoscopy. The average duration of therapy was 
13 days (range, 5–21) and included average of 3.5 (range, 
2–15) system changes. In interesting fact, 22 of the patients 
had undergone neoadjuvant radiation therapy (35). Another 
study from France describes successful healing of colorectal 
leaks in 26/47 patients (55%). The mean number of changes 
was 6.6 and the days of treatment was 27. The results also 
showed that patients where EVAC therapy was primary had 
better success (73%) versus patients where EVAC was used 
as recure therapy (33%) (36). Finally, a large metanalysis 
involving review of seventeen studies totaling 384 patients 
was recently published in Endoscopy International Open 
Journal. This study describes a calculated pooled rate of 
clinical success at 84.99% and pooled rate of adverse events 
at 7.6%. The conclusion of this large analysis is the EVAC 

therapy appears to be safe an effective modality to treat 
colorectal anastomotic leaks with high success and fairly low 
level of complications (37).

We have successfully managed several patients with 
anastomotic leak after colorectal surgery. The more distal 
the leak, for example a leak at an ileo-rectal anastomosis, 
the more difficult to manage as the sponge can be easily 
displaced with movement. If the anastomosis is 10 cm or 
more proximal from the anal verge, there is less likelihood 
of inadvertent displacement and, after securing the tubing 
posteriorly via the gluteal cleft, allow patients to ambulate 
as tolerated during therapy. We also do not find proximal 
diversion a requirement for EVAC therapy and find a brief 
period of NPO through the first exchange is often all that is 
required to evacuate leaked GI contents and achieve initial 
sealing of the defect.

Pediatric surgery
Several reports of application of EVAC technique for 
pediatric surgeries are available (38-40). A group from 
Boston Children’s Hospital described the first use of 
EVAC in pediatric patients in 2018. Manfredi et al. 
describes treatment of 17 patients with esophageal atresia 
who required therapy for esophageal perforation. The 
cumulative success rate was 88% in contrast to success in 
just 63% (15/24) of perforations treated with endoscopically 
placed stents (38). Another small study from Munich, 
Germany also describes use of EVAC closure of 4 out  
5 esophageal injuries either from endoscopic perforations 
during dilation (1), perforation with an NGT after GI 
surgery, and anastomotic leaks after various surgeries (3).  
Of the injuries that healed two developed strictures which 
required dilations. One of the patients failed to heal the 
persistent fistula and required surgical intervention. The 
average time of therapy in this group was 19.6 days (range, 
11–30) (39). Another group from Germany recently 
reported application of EVAC technology in four infants 
with esophageal perforations due to endoscopy or NGT 
placement. All four patients achieved complete healing 
after an average 22 days (range, 7–39) and an average 4.5 
(range, 1–12) changes. Of note is that the youngest and 
smallest patient was a 24-day infant born in the 31 week of 
pregnancy and weighed only 980 g (40).

Discussion of EVAC technique and caveats

Learning curve
To develop an EVAC therapy program access, it is necessary 
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to have access to proficient endoscopists either from surgical 
or GI medicine teams, but still there is a learning curve to 
proficiently manage these patients. In a 2019 study from 
Surgical Endoscopy, Ward et al. also described the time to 
develop proficiency for an advanced endoscopist is about  
10 cases (41). We agree with the sentiment of Leeds et al. 
and have now ‘trained’ approximately 5 surgeons to perform 
EVAC therapy with exposure to just 5–10 cases. The regular 
use of an endoscope whether it be simply “checking” post-
operative anastomoses or having a regular day of ‘scopes’ 
in the endoscopy suite—facilitates the rapid acquisition 
of EVAC skills. Even without regular use, the mandatory 
training in endoscopy that all general surgical graduates 
obtain is not completely lost in the age of minimally invasive 
surgery and can often be translated rapidly in successful 
sponge creation, manipulation, and placement.

EVAC complications
EVAC appears to be a safe and effective technique, 
nevertheless complications have been reported. Although 
based on our experience and available literature healing 
was achieved in most cases, non-healing required other 
techniques including, but not limited to salvage surgery 
have been reported. Mortality has been reported at 
0–12.5%, but this perhaps should be attributed to the 
general clinical condition as a result of the injury and not 
EVAC use directly. The most common complications 
reported associated with EVAC have been strictures, which 
have been generally responsive to endoscopic dilation 
(20,21,42). It must be mentioned here though, that there 
have been reports of severe bleeding including potential life-
threatening situations such as aorto-esophageal fistulas (43).  
It is of utmost importance to monitor NGT output for 
blood as that can be a sentinel event and catching it early 
potentially could prevent a fatal outcome.

Procedural cost and outpatient EVAC therapy
Procedural cost is an important consideration in the current 
healthcare marketplace and decreasing costs without 
impeding results is extremely important. Dr. Leeds and 
his group in a recent study have reported EVAC therapy 
performed completely in endoscopy suites as opposed to 
the operating room, achieving a 60% decrease in cost (41).  
Further, outpatient EVAC therapy is an emerging 
adaptation and at our intuition, that can further decrease 
procedural cost. It has now been successfully applied in  
two patients with anastomotic leaks after colorectal 
anastomoses following pelvic radiation. Both patients were 

diverted proximally. The tubing was secured with suture 
to the gluteal fold in addition to vac dressing as described 
above. Patients returned in 3–5 days for scheduled 
exchanges with sedation. Patient self-limited their activity 
and no unintentional dislodgements were encountered.

Future directions
This is still novel technology and guidelines have not been 
developed. For example, the optimal duration of therapy 
and interval between exchanges have not yet been defined. 
Initial duration was prolonged as we awaited near complete 
healing of the defect. We have since learned that adherence 
of the defect to surrounding tissue (retroperitoneum, pelvis, 
mediastinal tissue, etc.) that effectively ‘seals’ the leak is 
often all that is needed. These “contained leaks” can then 
heal without further intervention.

Another area for improvement is that there is no 
commercially available device in the United States thus it 
requires construction by the endoscopist. This is likely a 
barrier to implementation for many physicians as searching 
for the products and constructing the device in addition to 
placement and removal every 3–5 days increases the time 
required for therapy. In contrast, radiographic drainage, or 
stent placement, in the optimal setting, can be successful 
after the initial procedure. The increased uptake of EVAC 
therapy in Europe is aided not only by its introduction in 
Germany but also by commercially available products.

A recently published product that includes a stent 
circumferentially wrapped with black sponge warrants 
mention as it has the potential to combine the benefits 
of both EVAC therapy and stenting. In the first case 
series of 3 patients with upper GI leaks, the VAC (44) was 
successfully used to close the defects while maintaining oral 
nutrition. More study is warranted to confirm the success 
of this new device with larger and more complex defects, 
however, allowing oral intake during therapy that is not 
delivered via a concomitant feeding tube (either through 
the sponge or alongside it) is encouraging.

An interesting application of the EVAC technology is 
to place the system at the time of the index surgery. There 
are reports found in literature describing prophylactic use 
of EVAC technology by surgeons to manage anastomosis 
at high-risk dehiscence (19,42). This is in interesting novel 
approach worth further study and analysis.

Lastly, when considering implementation of EVAC 
therapy versus stenting and/or radiographic drainage; 
a consideration for cost and effort is important. EVAC 
therapy is ‘labor-intensive’ requiring repeated procedures 
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every 3–5 days for, on average, 3 exchanges. If a single 
endoscopist is performing EVAC therapy, this can be 
severely limiting to the physician as they are now ‘on-call’ 
until therapy is finished. Stenting requires fewer procedures 
but utilizes a high-cost implant and close monitoring for 
migration. We could find no published estimates of device 
or labor costs comparing these techniques. However, in 
patients who are septic, rapidly implementing the therapy 
with the highest chance of success is key, regardless of labor 
and cost required. More comparative studies are needed but 
the current data is clear the EVAC therapy is the optimal 
therapy for closure of GI leaks.

Limitation of the review

EVAC technique is still new and is only finding its way 
into the operating rooms and endoscopy suite. Although 
the literature review as well as our own experience is quite 
promising, still much more research is needed to confirm 
utility of this promising technique. Further limitation sems 
to be that EVAC techniques should be used with assistance 
of experienced endoscopists as clearly the efficacy increases 
as the team’s experience increases.

Conclusions

EVAC therapy is a novel and versatile endoscopic technique 
which to treat leaks or perforations throughout the GI 
tract. Based on our experience and the available literature, 
EVAC therapy is a safe and effective technique with high 
rate of success; often allowing avoidance of reoperation 
and/or diversion. It has been used successfully as a primary 
treatment of leaks or perforation as well as salvage therapy 
where other endoscopic and surgical therapies have failed. 
Given these data, we believe that EVAC therapy should 
be considered as a first-line treatment when the injury is 
accessible with an endoscope.
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