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Irrigation Versus Suction Alone During Laparoscopic
Appendectomy for Perforated Appendicitis

A Prospective Randomized Trial
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Background: The efficacy of irrigating the peritoneal cavity during appen-
dectomy for perforated appendicitis has been debated extensively. To date,
prospective comparative data are lacking. Therefore, we conducted a prospec-
tive, randomized trial comparing peritoneal irrigation to suction alone during
laparoscopic appendectomy in children.
Methods: Children younger than 18 years with perforated appendicitis were
randomized to peritoneal irrigation with a minimum of 500 mL normal saline,
or suction only during laparoscopic appendectomy. Perforation was defined
as a hole in the appendix or fecalith in the abdomen. The primary outcome
variable was postoperative abscess. Using a power of 0.8 and alpha of 0.05,
a sample size of 220 patients was calculated. A battery-powered laparoscopic
suction/irrigator was used in all cases. Pre- and postoperative management
was controlled. Data were analyzed on an intention-to-treat basis.
Results: A total of 220 patients were enrolled between December 2008 and
July 2011. There were no differences in patient characteristics at presentation.
There was no difference in abscess rate, which was 19.1% with suction only
and 18.3% with irrigation (P = 1.0). Duration of hospitalization was 5.5 ±
3.0 with suction only and 5.4 ± 2.7 days with group (P = 0.93). Mean hospi-
tal charges was $48.1K in both groups (P = 0.97). Mean operative time was
38.7 ± 14.9 minutes with suction only and 42.8 ± 16.7 minutes with irrigation
(P = 0.056). Irrigation was felt to be necessary in one case (0.9%) randomized
to suction only. In the patients who developed an abscess, there was no differ-
ence in duration of hospitalization, days of intravenous antibiotics, duration
of home health care, or abscess-related charges.
Conclusions: There is no advantage to irrigation of the peritoneal cavity over
suction alone during laparoscopic appendectomy for perforated appendicitis.
The study was registered with clinicaltrials.gov at the inception of enrollment
(NCT00981136).
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T he debate over the efficacy of peritoneal irrigation or lavage in
the setting of peritonitis is a long-standing one. Peritoneal lavage

was initially advocated in the literature in a 1907 report that rec-
ommended surgeons pour salt water into all recesses.1 Years later,
another report suggested antibiotics be added to the irrigant.2 Pub-
lications supporting the utility of peritoneal irrigation during appen-
dectomy for perforated appendicitis began appearing in the literature
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more than 3 decades ago.3–5 However, in a textbook published around
the same time, Maingot6 stated, “Irrigation of the peritoneal cavity
for cleansing purposes is, in my opinion, never justified.” Despite a
multitude of studies attempting to address this issue, the debate has
continued to the point that surgeons either advocate irrigation or con-
demn it. The literature on the topic originates from the open era, and
there have been no prospective trials in children to address the effect
of saline irrigation during laparoscopic appendectomy for perforated
appendicitis. Therefore, we performed this prospective randomized
trial in children with perforated appendicitis.

METHODS
Approval was obtained from the institutional review board

(IRB No. 08 11–181) before enrolling patients in this study. Chil-
dren were subsequently enrolled after obtaining permission from the
patient’s legal guardian. The enrollment process occurred before the
operation for those suspected to have perforated appendicitis. The
permission forms and consent process were audited by the IRB on a
continuing basis. The study was registered with clinicaltrials.gov at
the inception of enrollment (NCT00981136).

Participants
The study population consisted of children younger than 18

years who were found to have perforated appendicitis. Perforation
was defined as a hole in the appendix or fecalith in the abdomen.7

Interventions
All operations were performed by one of the 7 institutional

staff surgeons as dictated by the call schedule. A standardized 3-
port laparoscopic approach (using a 12-mm port placed through the
umbilicus via a vertically oriented transumbilical incision with 2
additional 5-mm ports in the left lower abdomen) was performed
in all cases. The appendix and mesoappendix were divided with a
stapler, and the appendix was removed through the 12-mm cannula,
usually leaving the port in place. When the appendix was too large
to traverse the port, a disposable bag was employed to remove the
appendix.

If the patient was randomized to irrigation, a 1-L bag of sterile
normal saline was attached to the irrigation device. A minimum of
500 mL of saline was required with no maximum volume limit.
The surgeons were not given instructions on the style or extent of
irrigation to incorporate the range of practice among the surgeons for
generalizability. In the suction-only group, no saline was attached and
the suction/irrigation device served for suction only. The same model
of battery-powered suction/irrigation device was used in all cases.

The umbilical fascia was closed with 0 polyglactin suture in all
cases, and the umbilical skin was approximated with interrupted 5-0
plain gut sutures. The extraumbilical sites were typically closed with
a single subdermal polyglactin sutures. An umbilical dressing was
applied using a piece of gauze packed into the umbilicus and covered
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with an occlusive dressing. The extraumbilical incisions were covered
with Steri-strips (3M Corp, St Paul, MN).

Sample Size
This was a definitive trial design using postoperative abscess

as the primary outcome variable. Our cumulative abscess rate under
our current protocol was 18%. The delta was a shift in abscess rate
to 35% or over 1 in 3. Utilizing a power of 0.80 and α of 0.05 in a
2-tailed model, a sample size of 220 patients was established.

Assignment
A computer-generated individual unit of randomization was

utilized in a nonstratified sequence in blocks of 10. After consent
for study enrollment was obtained, the randomization sequence was
accessed to identify the next allotment. The attending surgeon did
not obtain consent and was blind to the allotment throughout the
enrollment process. All data were analyzed on an intention to treat
basis and patients remained in their assigned group. Surgeons were
not blinded during the postoperative course.

Protocol
All patients received a 50 mg/kg dose of ceftriaxone (maxi-

mum dose 2 g) and 30 mg/kg dose of metronidazole (maximum dose
1 g) before the operation.8,9 Once daily dosing of ceftriaxone and
metronidazole were continued postoperatively according to the pro-
tocol from our previous trial comparing a full course of intravenous
antibiotics to the combination of intravenous and oral antibiotics.9 In
short, patients were allowed the opportunity to take an oral antibi-
otic regimen (amoxicillin/clavulanate) at home to complete a 7-day
course when tolerating a regular diet before day 5. A white blood
cell count was obtained to evaluate for persistent leukocytosis and
subsequent need for ongoing antibiotics therapy in those patients re-
maining in the hospital for 5 days. Resuscitation fluid in all cases was
normal saline, thus eliminating the issue of precipitation with the use
of the calcium-containing lactated ringers solution when used with
ceftriaxone.

All patients had urinary catheters placed, and pain was con-
trolled with patient- or nurse-controlled analgesia, managed by the
anesthesiology team. Nasogastric tubes were not used.10 All patients
were allowed a clear liquid diet upon return of bowel function, and
the diet was advanced as tolerated. Patients were not given ranitidine,
and diphenhydramine was used only for allergic reactions.11

Statistical Analysis
All data were collected prospectively by a single individual

who had no role in clinical care. Continuous variables were com-
pared using an independent sample, 2-tailed Student t test. Discrete
variables were analyzed with 2-tailed Fisher exact and chi-square with
Yates correction where appropriate. Significance was defined as P ≤
of 0.05.

RESULTS
From December 2008 through July 2011, 220 patients were

enrolled in the study. There were an additional 87 patients who were
consented and subsequently did not qualify, as the definition of per-
foration was not met during the operation.

Patient Characteristics
Patient characteristics are outlined in Table 1. There were no

differences in age, weight, body mass index percentile, sex distribu-
tion, duration of symptoms, presenting leukocyte count or tempera-
ture between the 2 groups.

Operation
Mean volume of irrigation used was 867 ± 327 mL (500–2000

mL). There was one patient in the suction-only group who was felt
to require irrigation to complete the operation. No operations were
converted to open, and there were no major intraoperative complica-
tions.

Outcomes
Early follow-up by clinic appointment or phone call at 2 to 4

weeks was available in all patients. Outcomes are listed in Table 2.
There was no difference in abscess rate, which was 19.1% with suc-
tion only and 18.3% with irrigation (P = 1.0). There was no difference
in time to starting clear liquids, advancement to a regular diet, or dis-
charge. Hospital charges were the same. There was also no difference
in mean maximum daily temperatures (Fig. 1).

In the patients who developed an abscess, there was no
difference in their management, hospital course, or outcomes
(Table 3). Counting separate abscesses identified on computed to-
mography, there were 2.6 abscesses per patient in the suction-only
group and 2.1 per patient in the irrigation group, which were not sta-
tistically different (P = 0.24). In addition, the distribution of abscess
by location was not different between groups (Fig. 2).

Three patients in the suction-only group were readmitted for
small bowel obstruction, and one child required laparoscopic adhesi-
olysis. There was one small bowel obstruction in the irrigation group,
which was not significantly different (P = 0.63).

DISCUSSION
“Dilution is the solution to pollution.” Although this phrase

is entrenched in debates on environmental pollution, trainees are un-
likely to complete surgical residency without hearing it in reference
to contamination of the peritoneal cavity, usually when a surgeon
is vigorously irrigating the abdomen. Although historically favored,
there has been little evidence to document benefit from saline irriga-
tion of the abdomen. A recent retrospective comparison documented
a higher abscess rate when irrigation was used during appendectomy
for perforated appendicitis.12 We found no difference in abscess rate
or in the outcomes of the patients who developed an abscess under

TABLE 1. Patient Characteristics at Operation

Suction Only
(N = 110)

Irrigation
(N = 110) P

Age (yrs) 9.7 ± 3.6 10.4 ± 3.8 0.17
Weight (kg) 41.2 ± 19.8 41.5 ± 18.8 0.92
Percentile body mass index (kg/m2) 65.0 ± 32.3 60.7 ± 31.9 0.36
Sex (male) 59.1% 52.7% 0.89
Days of symptoms 3.1 ± 2.1 3.1 ± 2.0 0.99
Admission temperature (◦C) 37.8 ± 1.0 37.8 ± 0.9 0.90
Leukocyte count (1000 cells/mm3) 17.1 ± 5.9 17.3 ± 5.0 0.79

TABLE 2. Outcome Data

Suction Only
(N = 110)

Irrigation
(N = 110) P

Abscess rate 19.1% 18.3% 1.0
Operative time (min) 38.7 ± 14.9 42.8 ± 16.7 0.056
Time to clear liquids (d) 2.6 ± 1.5 2.5 ± 1.3 0.70
Time to regular diet (d) 3.4 ± 1.7 3.5 ± 1.5 0.63
Postoperative duration of stay (d) 5.5 ± 3.0 5.4 ± 2.7 0.93
Hospital charges ($) 48.1K ± 20.1K 48.1K ± 18.2K 0.97
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FIGURE 1. Fever curves between irrigation and suction only
groups.

TABLE 3. Outcomes of Patients With an Abscess

Suction Only
(N = 21)

Irrigation
(N = 20) P

Drain placed (%) 52% 40% 0.54
Days of drainage 2.3 ± 2.2 1.8 ± 2.8 0.58
Postoperative duration of stay (d) 8.7 ± 4.4 9.4 ± 3.8 0.56
Days of intravenous antibiotics 19.5 ± 3.9 21.4 ± 8.6 0.37
Days of home health care 10.4 ± 4.5 13.0 ± 7.4 0.20
Abscess-related charges ($) 28.3K ± 22.7K 24.6K ± 13.8K 0.54

FIGURE 2. Distribution of abscesses as percentage of abscesses
per region. Comparing the percentage of abscesses per region
between groups, P = 1 for right upper quadrant, P = 0.80 for
left upper quadrant, P = 1 for right lower quadrant, P = 0.95
for left lower quadrant, and P = 1 for pelvis.

a prospective protocol. These results are contrary to the pervasive
opinion that the use of irrigation during appendectomy is beneficial.
In a survey of North American pediatric surgeons published in 2004,
only 7% the respondents reported using no irrigation.13 Therefore, it
seems the results of this study do not provide evidence to support the
most common current practice habits.

In our previous trials in children with perforated appendicitis,
we focused on the medical management randomizing around type

and duration of antibiotics.8,9 Neither of these studies demonstrated
a difference in abscess rate, so in this study, attention was focused
on the technical details of the operation itself. The abscess rate was
not only the same between groups in this study, but it was also the
same as found in each arm of our previous randomized trials.8,9

These data continue to confirm the fixed abscess rate in our system
when using the definition for perforation as a hole in the appendix or
fecalith in the abdomen.7 Estimates of abscess rates from retrospective
studies and databases are universally lower that those we document,
but these numbers are unreliable with varying surgical opinion on
classifying a patient as perforated. Another recent prospective trial,
which also strictly defined perforation, found a 19% abscess rate
in those undergoing appendectomy upon presentation for perforated
appendicitis.14 Although we recognize there is a spectrum of illness
even with contaminated appendicitis, under this definition it seems
patients with a risk of abscess are separated from those with minimal
risk, which diminishes the need for concerning ourselves for trying
to assess the extent of contamination or inflammation. Furthermore,
randomization should overcome the spectrum of disease, especially
with this large number as was evident from the objectively measurable
parameters outlined in Table 1.

Practice patterns vary widely with the amount and extent of
irrigation. This protocol was intended to allow the results to be gener-
alizable to all surgeons; the protocol intentionally avoided extremes
of volume or specific anatomic location for the irrigation. We chose a
reasonable minimum irrigation volume (500 mL) to prevent a surgeon
who does not believe in irrigation from using a negligible amount.
Simultaneously, we did not want the minimum volume to be cumber-
some, or not representative of common practice. None of the partic-
ipating surgeons routinely used more than a liter of irrigation before
the study. More frequently, the full liter used as the mean volume
of irrigant was 867 mL. Also, surgeons could irrigate as much of
the abdomen as they deemed necessary but were not required to per-
form full 4-quadrant irrigation. We felt this would capture common
and reasonable practice for irrigation. The notion that more irrigation
is no better than some comes from 3 randomized trials comparing
continuous peritoneal lavage for 24 hours postoperatively to intraop-
erative lavage only for perforated appendicitis.15–17 There were no
differences in outcomes in 2 trials,15,16 whereas the other found an
increase in septic complications with ongoing lavage.17

Another facet in the irrigation controversy involves the use of
antibiotics within the irrigant. Several prospective randomized tri-
als have evaluated the use of antibiotic irrigation in the presence
of peritoneal contamination.18–25 These trials encompassed a wide
variety of methodologies and patients, with inconsistencies in the
presence or technique of lavage in the control group, use of systemic
antibiotics, inclusion criteria, and definitions of infectious compli-
cations. A meta-analysis of 7 of these trials, 6 of which focused on
adult patients, found that control patients not receiving an antibiotic
lavage had a slight increase in risk of infectious complications with
no increase in mortality.26 There were no outcome differences in a
double-blind randomized trial of 79 children with perforated appen-
dicitis comparing 0.25% kanamycin to normal saline irrigation.25 In
the meta-analysis and review of all published literature on irrigation
for perforation published in 2000, the authors concluded that there
is also no appreciable advantage to be gained by using lavage so-
lutions that contain antibiotics if the patient is receiving systemic
antibiotics.26 In addition, the authors state that current evidence sug-
gests activities in excess of the removal of gross contamination may
just be a ritual devoid of biologic advantage. However, it is important
to note that the body of literature on the topic is from the open era.
Our study represents the first prospective, randomized trial comparing
irrigation to no irrigation in children perforated appendicitis treated
laparoscopically.
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The difference in operating time trended in favor of not us-
ing irrigation; however, this was partially due to the sample size as
difference between groups was only 4 minutes. Although this raw dif-
ference is quite small with questionable clinical relevance, it supports
the concept of not performing an extra step in an operation when the
data demonstrate that it holds no benefit. Likely, this lack of benefit
from irrigation will be interpreted as no difference by some, using
the findings as support for continued obeisance to habit and preju-
dice. Regardless, the results of this trial demonstrate that irrigation
of the right lower quadrant with a moderate volume of saline when
compared with irrigation alone does not improve outcomes after ap-
pendectomy for perforated appendicitis, and therefore the practice of
routine irrigation cannot be recommended.
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DISCUSSANT
DR. MICHAEL G. SARR (Rochester, MN): Abdominal irri-

gation is obviously a controversial topic, and I am sure, in this august
audience, there are very strong opinions on both sides.

Before asking my questions, I want to acknowledge the Chil-
dren’s Mercy Hospital Group and, specifically, their clinical trial study
group called The Center for Prospective Clinical Trials. This was the
original brainchild of Whit Holcomb, with his younger colleagues,
Dr. Daniel Ostlie and the same speaker here, Dr. Shawn St. Peter, have
really led the charge with this concept. Shawn St. Peter currently is
the director of this program and Dr. Ostlie led many of the initial
trials.

They have been able to organize the group of pediatric surgeons
in Kansas City and come up with 20, prospective clinical trials since
2005, dealing with fundoplication, pyloromyotomy, burns in children,
single-incision laparoscopic appendectomy, and laparoscopic chole-
cystectomy. This group is arguably the premier clinical trials group
in the United States, and possibly the world, in pediatric surgery, and
they are the true experts in appendicitis in children.

Now, Shawn, you told us what you have done, but you still
have an incidence of abdominal abscesses of 20%. You talked about a
maximum volume of two liters of irrigant. Everybody in this audience
has worked with people who have used 10, 15, 20 liters. Would more
volume have helped?

Second, you did not tell us about where the irrigation was
performed. When I read your paper, it talks about the right lower
quadrant, and you have some abscesses in the supracolic regions.
Would it have helped to irrigate allof the abdomen?

Finally, what about antibiotics? There are bacteria in the peri-
toneal cavity. Could you have used some antibiotics that kill bacteria?

CLOSING DISCUSSANT
DR. SHAWN ST. PETER: Starting with the abscess rate at

20%, this initially was a product of the definition. So we saw, within
our group, prior to 2004 and the initiation of the first trial, abscess
rates ranging from 5% to 20%, all depending on what people con-
sider a perforation. Those that considered all purulent disease to be
perforated would have a low abscess rate because many patients were
being treated as perforated who were at low risk of an abscess.

Once we focused on strictly contamination as being considered
perforated appendicitis, then the abscess rate rose to 20%. And it did
so for all the surgeons in the group and has been consistent through
eight arms of four trials.

At this point, I want to start to focus less attention on trying to
fix the occurrence of an abscess given the things we’ve studied both
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postoperatively and intraoperatively, and minimize the impact of an
abscess on the patient, decrease the drains, decrease the IV antibiotics,
decrease the home health, so that we can manage the same problems
in the same patients with less resource utilization and less patient
morbidity.

As far as the volume of irrigation, there was nobody in the
group that routinely used more than a liter prior to the initiation of
this study. Borrowing from the historical data in continuous lavage,
it implied to me that if liters and liters over the course of days didn’t
provide an extra benefit, then providing an extra liter or two in a given
operation would be unlikely to provide a benefit.

We did not want the protocol to become overwhelmingly cum-
bersome and/or not representative of routine practice, which gets to
the next point about where the irrigation occurred. Generalizability
was an important consideration here. We had eight surgeons that do
things their own way. So I didn’t want to handcuff people and say, you
get a two-by-two-centimeter box in the right lower quadrant where all
your irrigation must be delivered and picked up.

There were dichotomous camps coming into this study. People
who believed in irrigation, who did irrigate the full four quadrants
and irrigated everything, used the full liter. People who do not believe
in irrigation would continue to irrigate just in that nasty area where
the pus was, where the fecalith was, and then clean it up right there.
So we saw a little bit of both. I doubt changing the protocol would
probably change the results very much.

Finally, with the antibiotics, we have to borrow from the pre-
vious trials conducted by others that failed to demonstrate a benefit
to antibiotics in the irrigation in patients who are otherwise receiving
systemic antibiotics.

DISCUSSANT
DR. MERRIL T. DAYTON (Buffalo, NY): This is really kind

of a follow-up question to Dr. Sarr’s question. Many of us have said, at
one time or another, boy, that’s something that needs to be studied, and
I commend this group for actually doing a study that we’ve all thought
about at one time or another. However, perforated appendicitis tends
to be a single-quadrant disease. Most of the time, it involves the right
lower quadrant, and I guess I would extend a note of caution that it
would be tempting to extrapolate this data to two-, three- and four-
quadrant contamination. I operated on a lady a couple of weeks ago
that had massive contamination in all four quadrants, with infection in
both the diaphragms, multiple loop accesses. I would ask the authors,
how does this study apply to those other scenarios? Do you think we
ought to be conservative in interpreting this as it relates to other, more
massive, infections in the peritoneal cavity?

CLOSING DISCUSSANT
DR. SHAWN ST. PETER: I would interpret these data, as

stated in the conclusions, that irrigation does not hold a benefit for
perforated appendicitis during a laparoscopic appendectomy in chil-
dren. If you are dealing with widespread contamination during an
open operation, I would not apply these results. I think each model
would have to be studied independently for its benefit.

DISCUSSANT
DR. MERRIL DAYTON (Buffalo, NY): Clearly, a study prob-

ably should be done at some point in time. It may be another sacred
cow. Again, I commend the authors for undertaking this study.

DISCUSSANT
DR. JACOB LANGER (Toronto, ON): My question is about

the definition of intraabdominal abscess, which is your primary out-
come. Many times after a laparoscopic appendectomy, especially
where irrigation has been used, there are fluid collections that can
be identified by imaging but are not abscesses. I wonder if it is possi-
ble that irrigation created non-infected fluid collections that may have
falsely been called abscesses, and therefore masked a true benefit of
irrigation?

CLOSING DISCUSSANT
DR. SHAWN ST. PETER: That is an excellent point; an abscess

will often be a product of the protocol. If people say they have a 2%
abscess rate and they send all their patients home on two weeks of IV
antibiotics with a PICC line, that’s actually a 2% recurrent abscess
rate, because they all got treated like they had an abscess in the first
place.

By diagnosing it early, in that seven-day range when they are
still sick, that definitely produces this 20% abscess. An abscess is
defined as a loculated fluid collection seen and called by the radiol-
ogist. Certainly, some of these people don’t have a bad abscess, as
you saw, 50% received drains. Some get aspirated, but if it was called
on imaging, we have go with that. We still treat them with antibiotics
because nobody was imaged who was clinically well. These people all
continued to have fevers, weren’t doing very well, and then we found
the fluid and treated it. That gets along the line of what I was alluding
to earlier, where we are now taking steps to see how we can try to
decrease the morbidity in the pathway of the abscess, decrease the
number of drains, and maybe even decrease the number of CT scans.
So that, if somebody who is clinically symptomatic at day seven, treat
them empirically like they have an abscess and avoid the CT scan if
we can prove that drains are not that beneficial.
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