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B ABSTRACT

Postoperative gastrointestinal (Gl) tract dysfunction is
common and has a complex, multifactorial pathogenesis.
Perioperative administration of targeted amounts of fluid
to optimize ventricular filling and end-organ perfusion has
consistently been shown to improve mortality and other
outcomes, particularly Gl tract perfusion and function. The
choice of fluid loading affects postoperative recovery, with
colloid showing superiority over crystalloid, and lactated
Ringer's solution proving better than normal saline. Other
methods of reducing postoperative Gl tract dysfunction
with some proven degree of success include simple,
low-cost interventions such as early initiation of oral
feeding, early use of laxatives, and gum chewing. There is
no evidence that prophylactic nasogastric decompression
accelerates return of bowel function.

Bl KEY POINTS

Gl tract dysfunction is the most common type of postopera-
tive morbidity and frequently delays hospital discharge.

Low-grade hypovolemia leading to gut ischemia is a
common but neglected mechanism of postoperative Gl
tract dysfunction.

Administration of colloid to achieve target levels of
cardiac output improves gut perfusion and lowers the
incidence of Gl tract dysfunction.

Doppler-guided fluid management reduces Gl morbidity
and length of hospital stay in surgical patients.
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olerance of an enteral diet is one of the funda-

mental components of postoperative wellness,

along with the ability to mobilize freely without

supplemental oxygen and a readiness to be dis-
charged home as soon as possible. Accordingly, post-
operative gastrointestinal (GI) tract dysfunction is best
defined as intolerance of an enteral diet after having
been tolerant of one preoperatively. I prefer the term
postoperative GI tract dysfunction over postoperative ileus,
as ileus is ill defined, covering a wide spectrum of clini-
cal signs and having a range of published incidences so
broad (5%—-100%) that it defies useful discussion.

Table 1 presents a schema for classifying postoperative
GI tract dysfunction.! This review focuses on the causes
and management of early-onset GI dysfunction—ie,
developing within 6 to 48 hours of surgery—which can
develop into persistent dysfunction (> 72 hours) and
thereby prolong the hospital stay and potentially mani-
fest systemically. This review will not address immediate
and transient postoperative nausea and vomiting, which
is distinct from intolerance of an enteral diet and has
been reviewed extensively elsewhere.?

M GI DYSFUNCTION:
A COMMON POSTOPERATIVE MORBIDITY

Postoperative Gl tract dysfunction is common, as
illustrated by a large prospective cohort study at Duke
University Medical Center® that used the Postoperative
Morbidity Survey (which has since been validated*) to
document complications following major noncardiac
surgery (ie, anticipated duration > 2 hours and antici-
pated blood loss > 500 mL). Hospital discharge was
delayed in 27% of the study’s 438 patients as a result of a
postoperative complication, and GI dysfunction was the
most common type of complication overall and on post-
operative days 5, 8, and 15. Episodes of GI dysfunction
ranged from intolerance of an enteral diet to ischemic
gut resulting in multiple organ failure.’

A similar prospective cohort study conducted in the
United Kingdom yielded comparable findings, with GI
dysfunction being the most common type of postopera-
tive complication reported.* This study served to vali-
date the Postoperative Morbidity Survey, which is now
used worldwide to describe morbidity after major surgery.
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Figure 1 presents rates of postoperative GI dysfunction
relative to other common types of postoperative compli-
cations in both the Duke study and the UK study.**

B A MULTIFACTORIAL PATHOGENESIS

The pathophysiology of postoperative GI tract dysfunc-
tion can be ischemic, metabolic, toxic, neurogenic,
myogenic, pharmacologic, or mechanical.

[t is important to recognize that in many cases no
single factor explains the whole story behind postsurgi-
cal GI tract dysfunction, and none of these factors is
an ipso facto cause of such dysfunction. For instance, a
“mechanical” pathogenesis refers to any manipulation of
the gut that causes an inflammatory response in the gut’s
various layers, resulting in injury.”® However, GI tract
dysfunction commonly occurs after operations (includ-
ing laparoscopic procedures) in which the gut was not
handled at all. Similarly, in terms of a pharmacologic
pathophysiology, while opioids can affect GI propulsion
and cause constipation,”® avoidance of opioid use does
not ensure prevention of GI tract dysfunction. Moreover,
opioid abusers do not generally exhibit intolerance of
enteral nutrition.

A common mechanism that is often ignored is peri-
operative gut ischemia resulting in low-grade injury.
Low-grade hypovolemia can cause loss of perfusion to
the tip of the microvillus, triggering apoptosis and poten-
tially necrosis, which typically requires about 3 days for
recovery. An experiment among 6 healthy volunteers
who underwent elective hemorrhage (25% of blood
volume removed) over 1 hour demonstrated that gastric
tonometry was an earlier indicator of hypovolemia than
were commonly measured hemodynamic variables such
as invasive blood pressure, stroke volume, heart rate,
and lactate and arterial blood gas measurements.’

B FLUID LOADING AIDS GI RECOVERY

A targeted increase of intravascular volume and global
blood flow perioperatively has been shown repeatedly to
improve surgical outcome.!®** In clinical trials, the most
common intervention to achieve the predetermined
hemodynamic goal has been fluid loading. Overall, targeted
increases in perioperative global blood flow have been
associated with reduced mortality,” with the presumed
mechanism being maintenance of end-organ perfusion.
The role of end-organ perfusion maintenance was
confirmed in a controlled study of 60 patients under-
going cardiac surgery in which perioperative fluid load-
ing (with colloid) maintained gut perfusion as measured
by gastric tonometry, whereas a control group had a
reproducible reduction in gut perfusion.” Fluid load-
ing was associated with a significant reduction in the
incidence of gut mucosal hypoperfusion—from 56%
to 7%—and significant reductions in the incidence of
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TABLE 1
Schema for classifying postoperative gastrointestinal
tract dysfunction

Onset
Immediate (< 6 hours)
Early (6—48 hours)
Delayed (2-7 days)

Duration
Transient (< 72 hours)
Persistent (> 72 hours)

Severity
Minor—Tolerant of adequate enteral diet
Moderate—Intolerant of adequate enteral diet
Severe—Systemic manifestation/prolongation of hospital stay/
life-threatening

Reprinted, with permission, from Anesthesia and Analgesia (Mythen MG. Post-

operative gastrointestinal tract dysfunction. Anesth Analg 2005; 100:196-204)."

minor and major complications, mean days in the hos-
pital, and mean days in the intensive care unit.

Fluid type matters
The type of intraoperative fluid loading is a factor in
postoperative recovery.

Colloid vs crystalloid. Moretti et al found that colloid
(6% hetastarch in saline or 6% hetastarch in balanced
salt) was superior to crystalloid (lactated Ringer’s solu-
tion) in preventing nausea, severe pain, vomiting, peri-
orbital edema, and double vision postoperatively (P <
.05 for all) despite comparable hemodynamic profiles.?®

Ringer’s vs normal saline. Williams et al compared
intravenous lactated Ringer’s solution with normal
saline (0.9% sodium chloride) in a randomized study of
healthy volunteers.?” The group that received normal
saline demonstrated central nervous system changes
and a much higher incidence of abdominal discomfort,
a finding consistent with the toxic properties of chlorine
to the gut.

Balanced electrolyte solutions vs saline-based fluids.
Wilkes et al compared crystalloid and colloid solutions
with physiologically balanced electrolyte formulations
(Hextend) against saline-based fluids (Hespan) in
elderly surgical patients.”® They found that balanced
electrolyte solutions were superior in improving gastric
mucosal perfusion and preventing hyperchloremic
metabolic acidosis. As a result of a reduction in GI tract
perfusion, postoperative vomiting was more frequent in
the group receiving saline-based fluids.

Evidence for Doppler-guided fluid management
Use of esophageal Doppler ultrasonography to guide
fluid administration intraoperatively is fairly common
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Gl complications dominate in two large studies of postoperative morbidity
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FIGURE 1. Gastrointestinal
(Gl) tract dysfunction was the
most common postoperative
complication at both 5 days
and 8 days in two large
prospective cohort studies of
patients undergoing major
noncardiac surgery in the
United States® and the United
Kingdom,* with rates more
than double those of renal or
pulmonary complications.

Adapted from a PowerPoint slide
developed by Dr. M.P.W. Grocott.
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in the United Kingdom and is based on randomized
controlled trials showing that Doppler-guided colloid
administration to maximize stroke volume reduces mor-
bidity and length of hospital stay in surgical patients.
In one government-supported study of 128 colorectal
resection patients, Doppler-guided small boluses of
colloid increased stroke volume, cardiac output, and
oxygen delivery compared with conventional (central
venous pressure—based) fluid management.?’ Gut func-
tion improved significantly faster with Doppler-guided
fluid management as evidenced by a more rapid return
of flatus, opening of bowels, and achievement of a full
diet, and by faster discharge from the hospital. The inci-
dence of GI complications was reduced from 45.3% in
the conventional management group to 14.1% in the
Doppler group. The relative risk of GI tract dysfunction
was 5.3 times higher with conventional management.

B OTHER STRATEGIES TO REDUCE POSTOPERATIVE
GI DYSFUNCTION

In addition to fluid loading, a number of other methods
have been studied in an attempt to reduce the incidence
of postoperative GI tract dysfunction.

Epidural neostigmine: Improvement in some measures
Epidural neostigmine was compared with saline con-
trol in a randomized study of 45 patients scheduled for
abdominal aortic surgery.”® Time to first bowel sounds
and time to first flatus were significantly shorter in the
neostigmine group, but time to first defecation and the
incidence of postoperative complications were similar
between the groups.
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Laxatives speed return of Gl function

In astudy of 53 women undergoing fast-track hysterectomy,
recovery of GI tract function was faster in those random-
ized to receive laxatives (magnesium oxide and disodium
phosphate) starting 6 hours postoperatively compared
with those receiving placebo.’! Median time to first def-
ecation was reduced from 69 hours in the placebo group to
45 hours in the laxative group (P <.0001), and postopera-
tive hospitalization was shortened by a median of 1 day
in the laxative group. There were no significant between-
group differences in pain scores, postoperative nausea and
vomiting, or the use of morphine or antiemetics.

Fentanyl reduces gastric myoelectrical activity
Intravenous administration of the opioid fentanyl sig-
nificantly reduced gastric myoelectrical activity in an
uncontrolled study of 20 patients undergoing elective
surgery, but wide variation in effect was observed among
patients.*> There was no correlation between the myo-
electrical outcome and the presence of polymorphisms
of the mu-opioid receptor gene.

Systemic lidocaine accelerates return of bowel function
Perioperative administration of systemic lidocaine, given
as a 1.5-mg/kg bolus followed by continuous infusion at
2 mg/min, accelerated the return of bowel function and
shortened the length of hospital stay compared with
placebo in a randomized study of 60 colorectal surgery
patients.”

Early oral feeding cuts length of stay
A recent meta-analysis of randomized trials found that
early oral intake of fluids and food after major abdomi-
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nal gynecologic surgery was associated with an increased
risk of nausea but a reduced length of hospital stay.*
The authors recommended an individualized approach
to early feeding, and called for cost-effectiveness and
patient satisfaction studies.

Mosapride improves gastric emptying

Mosapride is a 5-HT, agonist that has been shown to
improve gastric emptying in a randomized controlled
study of 40 patients undergoing laparoscopic colectomy.”
Time to first postoperative bowel movement, time to
maximal gastric emptying rate, and postoperative hospi-
tal stay were all significantly shorter in patients receiv-
ing mosapride versus control. Mosapride is not currently
approved for marketing in the United States.

Mu-opioid antagonists: Some show promise, others don’t
Mu-opioid receptor antagonists have been developed
primarily to reverse opioid-induced bowel dysfunction.
Commercially available drugs in this class include alvi-
mopan, methylnaltrexone, nalbuphine, and naloxone. A
recent meta-analysis of 23 randomized controlled stud-
ies of these agents for opioid-induced bowel dysfunction
concluded that alvimopan and methylnaltrexone were
superior to placebo but that evidence was insufficient for
the safety or efficacy of naloxone and nalbuphine.*®

Nasogastric decompression:

Usually more harm than benefit

Prophylactic nasogastric decompression is an interven-
tion devoid of evidence. A meta-analysis of 33 studies
encompassing 5,240 patients randomized to routine naso-
gastric tube placement, selective nasogastric tube use, or
no nasogastric tube placement after abdominal surgery
found no advantage to routine nasogastric tube use.’’
In fact, patients not receiving routine tube placement
had a significantly earlier return of bowel function and
a significant decrease in pulmonary complications. The
incidence of anastomotic leak was not different among
the groups. Routine tube use was associated with a lower
incidence of vomiting but more patient discomfort. The
clear conclusion is that, in most situations, elective
placement of a nasogastric tube only causes harm.

Chewing gum: A simple intervention that works

In a recent meta-analysis of five randomized controlled
trials, the simple intervention of gum chewing after
colorectal surgery significantly accelerated the time to
flatus and time to defecation, and was associated with
a nonsignificant trend toward a shorter postoperative
hospital stay.*®

B CONCLUSIONS ON MANAGEMENT

Traditional measures intended to reduce the incidence
of postoperative GI tract dysfunction—administration
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of prokinetic drugs, placement of nasogastric tubes,
avoidance of food and fluids—are not beneficial and
are often harmful. Administration of targeted amounts
of fluid to optimize ventricular filling and end-organ
perfusion has repeatedly been demonstrated to improve
outcomes, particularly those related to GI tract perfu-
sion and function. Administration of larger volumes of
colloid, to achieve predetermined increases in stroke
volume, improves gut perfusion and reduces the inci-
dence of GI tract dysfunction.

Many simple, inexpensive, and readily available strat-
egies for preventing or reversing postoperative GI tract
dysfunction have some degree of evidence-based support
and should be considered. I would recommend a multi-
modal approach that includes a limited surgical incision,
regional local anesthesia without use of opioids, immedi-
ate postoperative mobilization, early enteral feeding, and
postoperative gum chewing.! Such an approach promises
to reduce Gl tract dysfunction and other postoperative
complications as well as to shorten hospital stay.

B DISCUSSION

Question from the audience: You mentioned the selec-
tive use of nasogastric tubes. In which patients would you
use them?

Dr. Mythen: For upper GI surgeries—esophagectomy,
for example—a nasogastric tube is inevitable. Beyond
that, the specific indications for tube placement are very
limited. At our institution, we no longer place nasogastric
tubes following the vast majority of GI tract operations,
with esophagectomy being the exception.

Question from the audience: Would you comment on
the selective contribution of thoracic epidural analgesia
with respect to early feeding after abdominal or colon
surgery!

Dr. Mythen: If you're an enthusiast for thoracic epi-
durals, you can present the literature in a way that
definitively demonstrates a huge advantage to thoracic
epidurals. When they work well for the individual, they
are fantastic, but you must have a very effective team
and system to deliver success to the whole patient popu-
lation. At our institution the failure rate 20 to 24 hours
postoperatively is about 50%.

Question from the audience: I'm an internist and I've
never heard of the esophageal Doppler-directed fluid bolus
protocol—or of anyone using colloids at all. Is that some-
thing that is generally practiced in the United States?

Dr. Mythen: Some institutions are practicing goal-
directed fluid management now. If you measure stroke vol-
ume and give small boluses of colloid, you need a lot less
fluid to achieve a higher intravascular volume and goal. At
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our institution, we’ve repackaged it as “goal-directed fluid
restriction” to gain acceptance among surgeons. Uptake
has been slower in the United States, though studies
here have reinforced the message and been supported by
editorials. Guessing about fluids, which we’ve done his-
torically, is not very smart. One thing that differentiates
an anesthesiologist from an anesthetic technician is the
ability to give goal-directed fluid therapy. The ability to
act in a targeted fashion makes it possible to achieve an
appropriate physiological goal, but it is more difficult.

Question from the audience: In terms of maintenance
fluids and chloride toxicity, is there an alternative to D5
half-normal saline for maintenance fluid?

Dr. Mythen: We don’t have a very good postoperative
maintenance fluid; D5 half-normal with some potassium
is probably as good as it gets at present. | emphasize get-
ting patients to drink as quickly as possible. If they’re not
drinking (not using the GI tract), they need a very high
level of physician input because fluid balance is rocket
science. The GI tract is very clever. Once patients are
drinking and eating, they’re fine, but if they still have an
intravenous line in, close attention is required.

Question from the audience: Would you use lactated
Ringer’s solution in a patient who is just not eating or
drinking?

Dr. Mythen: I do, actually. I tend to mix it in with some
D5 half-normal saline because lactated Ringer’s is a great
solution. The body can use the lactate to make sugar if
necessary. The brain is one of the few organs that will
metabolize lactate.

Follow-up question: Would you use it at a lower rate to
prevent volume overload?

Dr. Mythen: Yes, at 60 mL/hr. The important thing is that
if intravenous fluids are still required, the patient needs to
be in a fairly supervised, high-dependency environment.
You must address the real issue: Why aren’t they drinking?
If the patient is not drinking postoperatively, someone’s
done a bad job or there is something that needs fixing.

Question from audience: In the operating room, do you
haveapreference between albumin andahigh-molecular-
weight hetastarch like Hextend?

Dr. Mythen: Europe is slightly different in its choice
of colloids. We’ve pretty much abandoned the high-
molecular-weight starches. We do not use albumin at
our institution for cost reasons, and we can’t find any
evidence to support its use. We would have to close one
intensive care unit bed to be able to afford using albumin.
We use low-molecular-weight hydroxyethyl starches,
which I believe are now coming into the United States.
They have no major coagulation effect.
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