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Abstract
AIM: To compare the performance of different types 
of abdominal drains used in bariatric surgery.

METHODS: A vertical banded Roux-en-Y gastric 
bypass was performed in 33 morbidly obese patients. 
Drainage of the peritoneal cavity was performed in each 
case using three different types of drain selected in a 
randomized manner: a latex tubular drain, a Watterman 
tubulolaminar drain, and a silicone channeled drain. 
Drain permeability, contamination of the drained fluid, 
ease of handling, and patient discomfort were evaluated 
postoperatively over a period of 7 d. 

RESULTS: The patients with the silicone channeled 
drain had larger volumes of drainage compared to 
patients with tubular and tubulolaminar drains between 
the third and seventh postoperative days. In addition, 
a lower incidence of discomfort and of contamination 
with bacteria of a more pathogenic profi le was 
observed in the patients with the silicone channeled 
drain.

CONCLUSION: The silicone channeled drain was more 
comfortable and had less chance of occlusion, which is 
important in the detection of delayed dehiscence.
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INTRODUCTION
Most of  the immediate complications occurring after 
bariatric surgery are due to technical errors that may go 
unrecognized[1]. Among them, intraoperative bleeding 
and dehiscence of  anastomoses, although infrequent, 
are the most feared complications. Dehiscence occurs 
at a frequency of  1% to 4.4% of  cases, resulting in 
significant morbidity and eventually even death. The 
early detection of  this complication could reduce 
morbidity and mortality[2-4].

Resources for the early diagnosis of  dehiscence 
during the postoperative period are limited. The clinical 
signs and symptoms are difficult to interpret and imaging 
exams, when they can be performed, may yield false 
results due to excess body weight.

Over the last three decades, efforts have been made 
to investigate the effectiveness of  prophylactic drainage 
of  the peritoneal cavity in controlled randomized clinical 
trials[5-8]. Although there are no evidence-based data 
justifying the use of  drains in various situations, including 
bariatric surgery, most services routinely use them for the 
early identification of  fistulae and their treatment[9].

Different types of  drains are available but the search 
is ongoing for the ideal model. A closed-system model 
of  a silicone drain was recently produced, with multiple 
channels in its intra-abdominal portion and vacuum 
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aspiration (Blake®-Ethicon), which has been used in 
various operations including bariatric surgery[10-16].

The objective of  the present study was to assess the 
patency of  three different types of  abdominal drains 
used in bariatric surgery.

MATERIALS AND METHODS
During the period from January to September 2007, 
33 morbidly obese patients were selected for surgical 
treatment by banded Roux-en-Y gastric bypass. The 
patients were divided into three groups according to 
the type of  drain employed in the peritoneal cavity. The 
study was approved by the Research Ethics Committee 
of  the hospital and all patients gave written informed 
consent to participate.

The type of  drain used was selected at random: 
Group 1, closed-system latex tubular drain with multiple 
holes and without aspiration; Group 2, Watterman drain 
consisting of  two No. 16 Levin catheters with multiple 
holes wrapped with a No. 4 Penrose tube (open system) 
(Figure 1); Group 3, silicone drain with multiple channels 
(Blake®Ethicon) 24 Fr connected to a 300 mL J-Vac® 
reservoir (Ethicon) under continuous vacuum. All drains 
were left in place for seven days after surgery. 

Before removal of  the drain, the patient received 
120 mL of  a methylene blue solution by the oral route 
in order to test for the presence of  possible anastomosis 
dehiscence of  staple lines. No radiological test was 
applied. For the evaluation of  drain permeability, the daily 
output of  each drain was recorded over a postoperative 
period of  seven days.

Microbiological and antimicrobial analysis of  the 
intraperitoneal end of  the drains was performed on the 
seventh postoperative day during the interruption of  
drainage. In order to obtain peritoneal fluid the drains 
were punctured in their external portion. The end of  each 
drain located in the peritoneal cavity was also sent for 
analysis. Both procedures were carried out under rigorous 
asepsis. 

Subjective evaluation of  the comfort of  each drain was 
performed using a questionnaire which was completed by 
the patient on the day of  drain removal. The information 
obtained referred to pain at the drain site and to pain 
during drain removal (graded from 0 to 5), ease of  
handling and discomfort with the presence of  odors.

Groups were compared by one way analysis of  
variance (ANOVA) and then paired for application of  the 
Tukey post-test. The level of  significance was set at 5%.

RESULTS
All patients who underwent surgery were evaluated. Mean 
patient age, weight and BMI were 37.1 years, 138.20 kg 
and 51.42 kg/m2, respectively. The characteristics of  the 
groups studied were similar (Table 1).

All patients had a favorable postoperative course 
without major complications. There was no extravasation 
of  methylene blue during the tests carried out on the 
seventh postoperative day. However, the intraperitoneal end 

of  the Watterman drain in a group 2 patient was stained 
blue at the time of  removal. A No. 16 Levin catheter was 
immediately introduced in this patient in order to maintain 
patency. No significant drainage occurred on subsequent 
days and the patient’s course was favorable.

Drain output
No difference in collected fluid volume was observed 
up to the second postoperative day. Starting on the third 
day, the silicone channeled drain showed significantly 
greater drainage compared to the others (Table 2) and this 
difference persisted up to the 7th postoperative day. No 
difference in collected volume was observed between the 
tubular latex drain and the tubulolaminar (Watterman) 
drain (Table 3).

Microbiological analysis
Microbiological evaluation of  the fluid from the peritoneal 
cavity collected through the various drains revealed that 
nine patients with the silicone channel drain had a positive 
culture, with the bacteria most frequently detected being 
Staphylococcus spp., Proteus spp. and Klebsiella spp.; for the 

Postoperative 
days

Group 1 
Latex

Group 2 
Watterman

Group 3 
Blake

P

Day 1  146 ± 57.5       190 ± 178.6 150 ± 79 0.656
Day 2    89 ± 74.1    96.7 ± 68.8   168.2 ± 107.6 0.091
Day 3 29.4 ± 27.7 57.3 ± 53 107.5 ± 79.2 0.016
Day 4 25.3 ± 16.6    34.8 ± 39.3   106.2 ± 106.5 0.021
Day 5 28.3 ± 40.7    34.1 ± 30.4   123.5 ± 105.3 0.005
Day 6 26.8 ± 40.6 21.3 ± 17   88.5 ± 51.8 0.001
Day 7    26.9 ± 36    19.5 ± 18.6       89.7 ± 76 0.007

Results in milliliters and represented by mean ± SD. P value obtained by 
ANOVA.

Table 2  Volume of liquid collected daily with each type of 
drain

Group 1-Latex Group 2-Watterman Group 3-Blake

Age (yr) 35.45 ± 7.56  36.18 ± 10.68 39.81 ± 9.52
Gender: M/F 3/8 3/8 1/10
Weight (kg) 138.48 ± 17.58 135.98 ± 19.86 140.30 ± 24.58

Table 1  Individual characteristics of the experimental groups

Data are reported as mean ± SD.

Table 3  Paired comparison between the drains, regarding the 
drained volumes

Postoperative 
days

Blake vs  
Watterman

Blake vs  Latex Latex vs  
Watterman

Day 1 P > 0.05 P > 0.05 P > 0.05
Day 2 P > 0.05 P > 0.05 P > 0.05
Day 3 P > 0.05 P < 0.05 P > 0.05
Day 4 P < 0.05 P < 0.05 P > 0.05
Day 5 P < 0.05 P < 0.05 P > 0.05
Day 6 P < 0.01 P < 0.01 P > 0.05
Day 7 P < 0.05 P < 0.05 P > 0.05

P value obtained by the Tukey post-test.
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latex tubular drain all cultures were positive and the most 
frequent bacteria were Enterobacter spp., Enterococcus spp., 
Proteus spp. and Pseudomonas spp.; all the cultures of  the 
tubulolaminar Watterman drains were also positive and 
the most frequent bacteria were Serratia spp., Morganella 
spp., Proteus spp. and Enterobacter spp..

Microbiological evaluation of  the drain end located 
in the peritoneal cavity showed a similar frequency of  
culture positivity and similar bacterial species identified 
in the peritoneal fluid for all drains (Table 4).

Subjective evaluation
Drain handling and emptying of  the collecting bag were 
considered easy for all drain types. The tubular latex 
drain was considered to be the most painful and the 
silicone channeled drain was considered to present fewer 
unpleasant odors (Table 5).

DISCUSSION
Drainage of  body cavities has been practiced in 
medicine for a long time. During the last three decades, 
surgeons have made efforts to investigate the value 
of  prophylactic drainage after abdominal surgery in 
controlled randomized clinical trials[8,9]. The utility of  
closed suction drains after gastrointestinal procedures 

Table 4  Microbiology of the fluid drained from the peritoneal cavity and from a part of the intraperitoneal segment of the drain

Group 1-Latex Group 2-Watterman Group 3-Blake 

Patient 1 Pseudomonas aeruginosa Enterobacter cloacae1 Staphylococcus aureus
Pseudomonas aeruginosa Escherichia coli1 Staphylococcus aureus

Patient 2 Enterobacter aerogenes Proteus mirabilis Proteus mirabilis
Enterobacter aerogenes Proteus mirabilis Pseudomonas  aeruginosa + Morganella morgani

Patient 3 Klebsiella pneumoniae + Staphylococcus 
simulans

Serratia marcescens Staphylococcus aureus + Proteus mirabilis + 
Enterobacter cloacae

Staphylococcus aureus + Klebsiella pneumoniae 
+ Morganella morgani + Proteus mirabilis

Serratia marcescens Serratia marcescens + Enterococcus faecalis

Patient 4 Serratia marcescens Pseudomonas aeruginosa Proteus mirabilis + Klebsiella pneumoniae + 
Enterococcus faecalis

Serratia marcescens Pseudomonas aeruginosa Staphylococcus aureus + Proteus mirabilis
Patient 5 Escherichia coli + Proteus mirabilis Enterobacter cloacae Proteus mirabilis

Pseudomonas aeruginosa Klebsiella pneumoniae Proteus mirabilis
Patient 6 Citrobacter koseri Proteus vulgaris Klebsiella pneumoniae + Proteus mirabilis

Proteus mirabilis + Citrobacter koseri Proteus vulgaris Klebsiella pneumoniae + Proteus mirabilis
Patient 7 Staphylococcus aureus + Proteus mirabilis Pseudomonas aeruginosa + Klebsiella pneumoniae -

Staphylococcus aureus + Proteus mirabilis Pseudomonas aeruginosa -
Patient 8 Proteus mirabilis Enterococcus faecalis + Staphylococcus aureus -

Proteus mirabilis + Serratia marcescens Enterococcus faecalis + Staphylococcus aureus -
Patient 9 Enterobacter cloacae Escherichia coli Staphylococcus epidermidis

Enterobacter cloacae Escherichia coli Staphylococcus aureus
Patient 10 Escherichia coli + Enterococcus faecalis Enterococcus faecalis Staphylococcus simulans

Morganella morganii Enterococcus faecalis Klebsiella pneumoniae
Patient 11 Enterobacter cloacae Proteus mirabilis + Kebsiella pneumoniae Staphylococcus epidermidis

Enterobacter cloacae Proteus mirabilis Staphylococcus epidermidis

1Patient with a methylene blue test that was positive for dehiscence.

Table 5  Subjective evaluation of the ease of handling and 
comfort of the abdominal drains

Blake Watterman Latex

Ease of emptying the collecting bag
   Very easy 7 7 9
   Easy 3 4 2
   Difficult 1 0 0
   Very difficult 0 0 0
Odor during the dressings
   None 9 1 5
   Bad 2 3 3
   Very bad 0 7 3
Pain at the drain site (pain scale)
   0 (no pain) 6 5 2
   1 2 3 3
   2 2 2 0
   3 3 1 3
   4 0 0 1
   5 (very intense pain) 0 0 2
Pain during drain removal (pain scale)
   0 (no pain) 7 4 3
   1 2 6 2
   2 2 1 1
   3 0 0 2
   4 0 0 1
   5 (very intense pain) 0 0 2

Figure 1  Watterman drain.
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has long been debated. Although there is some data 
against the use of  prophylactic drains, bariatric surgeons 
often use them for a variety of  reasons: as an early alert 
to the presence of  leakage and hemorrhage, and as a 
resource for the treatment of  these complications[16]. 

It was not the subject of  this work to study the 
benefits or disadvantages of  the presence of  drains or 
how often they are used. For this type of  study, a greater 
number of  patients must be evaluated. Although there 
is a lack of  consensus regarding prophylactic drainage 
in gastric surgery[9], at our institution, we always use 
tubular closed drains without suction in gastrointestinal 
procedures and, in accordance with many bariatric 
centers, prophylactic drains are routinely used in bariatric 
surgery. On the other hand, the effectiveness of  a tubular 
closed drain without suction is very low for prolonged 
postoperative periods and may impair the diagnosis and 
treatment of  fistulae after bariatric surgery, especially 
those with delayed occurrence[5]. In an experimental 
study, the tubular drain was found to be obstructed early, 
24 to 48 h after its introduction, due to envelopment by 
the omentum and penetration of  omental fringes into 
the draining orifices. Contamination around the drain 
has also been observed, causing washing for relief  of  
obstruction to be risky[6].

Early studies have demonstrated that the persistence 
of  serous drainage after obstruction of  drains placed 
in the peritoneal cavity originates from a reaction by 
the organism to the presence of  a foreign body, in this 
case the drain itself[7]. The migration of  bacteria into 
the peritoneal cavity through the drain has also been 
reported[6,7]. 

In general, tubular closed drains tend to result 
in lower infection rates compared to laminar open 
catheters. On the other hand, laminar open drains are 
less frequently obstructed[11]. Thus, it is pertinent to 
look for an alternative way of  keeping drains permeable 
for a prolonged period of  time in order to facilitate the 
diagnosis and management of  fistulae after bariatric 
surgery, especially those occurring in a delayed manner.

In the present study, the performance of  the latex 
tubular drain without suction was similar to that of  the 
Watterman model, which functions as a tubulolaminar 
drain, also without suction. There was no difference in 
terms of  drained volume, culture positivity or diversity 
of  the bacterial species isolated. Subjective evaluation 
revealed that the tubulolaminar drain had an unpleasant 
odor when dressings were changed compared with the 
tubular drain, which was more painful when handled.

The silicone channeled closed drain with vacuum 
and without multiple perforations had some advantages 
over the two more traditional models, such as a lower 
incidence of  obstruction and pain at the site of  
insertion, as well as easy handling, and represents a more 
recent alternative that deserves to be evaluated in view 
of  the additional costs[12]. 

In the present study, a persistently greater volume of  
daily drainage was observed with the silicone channeled 
closed drain, suggesting lower obstruction rates. A lower 

incidence of  pain and fewer unpleasant odors were also 
recorded. Bacterial contamination by the retrograde 
route occurred in 81% of  cases, however, the bacteria 
most frequently identified had a less pathogenic profile 
compared to the other two types of  drain.

Thus, we can conclude that the silicone drain with 
multiple channels has a more prolonged permeability, 
and is recommended as an alternative for drainage 
of  the peritoneal cavity after bariatric surgery. This 
recommendation is made in view of  the fact that 
dehiscence can manifest in a delayed manner, as we 
experienced a patient with staple line dehiscence on the 
seventh postoperative day.
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