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Abstract
Background: Spinal cord injury (SCI) has been found to affect the physiology of the gastrointestinal tract.
Changes in gastric motility occur in tetraplegia because of dissociation of antral and duodenal motility.
Among individuals with high-level tetraplegia, antral quiescence has been hypothesized as a manifestation
of autonomic dysreflexia after surgery. This case series shows the issues with gastric hypomotility after
gastrointestinal surgery in tetraplegic patients with tetraplegia, including management strategies.

Objective: To report 3 patients with complete high cervical SCI who developed gastroparesis after
abdominal surgery and discuss the effect of autonomic dysfunction on gastric motility.

Methods: Retrospective chart review of 3 cases.

Results: Gastroparesis occurred after abdominal surgery in 3 patients with C4 American Spinal Injury
Association (ASIA) A tetraplegia and seemed to be a sign of autonomic hyperreflexia caused by
postoperative pain. Management was challenging because it consisted of balancing of appropriate pain
medication and dealing with absorption issues and dysmotility. Often gastric motility agents were not
effective in improving gastric emptying. However, increased use of pain medication improved gastric
emptying, which supports the hypothesis that this issue represents gastric dysfunction from autonomic
hyperreflexia.

Conclusions: In persons with complete cervical SCI who have undergone abdominal surgery, postoper-
ative gastroparesis can be a manifestation of pain. This may occur as the excessive sympathetic response
from autonomic hyperreflexia inhibits distal antral activity. Thus, treatment of postoperative gastroparesis
should focus on improved pain control to decrease excessive splanchnic sympathetic output and circulating
norepinephrine.
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INTRODUCTION
Spinal cord injury (SCI) has been found to affect the
physiology of the gastrointestinal tract, causing problems
that include delayed gastric emptying, altered gastric
secretion caused by autonomic dysfunction, and abnor-
mal colonic myoenteric activity (1–11). However, there
are few studies on postoperative gastric emptying in SCI
or the effect of autonomic hyperreflexia on gastrointes-
tinal motility.

Studies in persons with SCI often show reduced

gastric emptying at baseline. Kao et al (12) did

radionuclide imaging and found that SCI can cause

significant prolonged gastric emptying of a solid meal,

especially in female patients and patients with high level

of injury. However, Zhang et al (13) studied the various

emptying rates between solids and liquids and found

essentially normal rates of gastric emptying of liquids and

solids. This may be partially explained by the work of

Gondim et al (14), who showed less inhibition of gastric

emptying if large bowel emptying has occurred. Enck et

al (15) also found that reduced gastric emptying may be

attributable to a cologastric inhibitory reflex triggered by

delayed colonic emptying.
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Studies have shown that the gastric pacemaker
potential no longer originates in the antrum in most
individuals with tetraplegia (8,16). This adds to the
decreased gastric emptying often seen in chronic
tetraplegia. Segal et al (9) showed a biphasic pattern of
gastric emptying in which an initial 20- to 30-minute
phase of emptying was followed by a delayed second
phase. Lu and Chen (10) showed electrogastrogram
(EGG) abnormalities in gastric motor function in 12
patients with complete cervical SCI.

Fealey et al (7) reported on the effect of chronic SCI
and autonomic dysreflexia on human gastrointestinal
motility and gastric emptying. They reported that the
changes in gastric motility occur in tetraplegia but do not
occur in paraplegia. In tetraplegia, dissociation of antral
and duodenal motility occurred. One subject had
prominent recurrent autonomic hyperreflexia and was
noted to have marked antral hypomotility, which was
highly associated with the degree of reflex vascular
hypertension. In contrast, duodenal motility was unaf-
fected by autonomic hyperreflexia. The authors hypoth-
esized that excessive splanchnic sympathetic output may
delay gastric emptying by inhibiting distal antral activity.

Sympathetic stimulation to the gut is considered in
general to be inhibitory (17). Hermann et al (18) showed
that a-1 agonists suppress gastric motility. In addition,
the a-2 receptor is the main inhibitor of the migrating
motor complex in the gut and seems to be the primary
receptor responsible for ileus (17). During autonomic
dysreflexia (AD), elevating circulating catecholamine
levels are found (19–22). Thus, it is possible that
autonomic dysreflexia is associated with delayed gastric
emptying by increasing the sympathetic input to the gut.

This case series reports 3 patients with C4 American
Spinal Injury Association (ASIA) A tetraplegia who
underwent elective abdominal surgery (for either bowel
or bladder problems). All 3 had postoperative gastropa-
resis and autonomic hyperreflexia and improvement
when treated with pain medications. However, gastric
atony occurred in 2 of the 3 patients, requiring
percutaneous gastrostomy tube placement for venting.
The discussion focuses on the significance of these
observations and recommendations for future manage-
ment of patients with high tetraplegia who require
abdominal surgery.

CASE REPORTS
Case 1
A 41-year-old woman with a history of C4 ASIA A SCI
from a diving accident more than 2 decades ago was
admitted for elective total colectomy caused by severe
constipation affecting bowel program and care. Work-up
was done before admission. She had worsening consti-
pation with increasing reliance on large doses of
laxatives. The bowel program frequently caused auto-
nomic hyperreflexia. Transit study showed markers

stopping at the terminal ileum. She underwent total
proctocolectomy with end-ileostomy.

Postoperative pain was controlled with continuous
intravenous (IV) morphine, titrated to symptoms of
dysreflexia (headache and increased blood pressure).
The morphine pump was gradually weaned off, and a
fentanyl transdermal patch was started for pain control at
50 lg/h. She developed respiratory secretions and
needed respiratory treatments. The fentanyl transdermal
patch dosage was lowered to 25 lg/h on postoperative
day (POD) 5. On POD 9, she was weaned off the IV
morphine. Abdominal distention was noted with minimal
stool output through the ileostomy. At POD 11, the
patient complained of abdominal pain, and IV morphine
was restarted at 3 mg/h. On POD 12, sustained-release
oxycodone 10 mg by mouth twice a day was added and
titrated up to 40 mg twice a day while the IV morphine
was titrated down.

When all of the IV pain medication was discontinued
on POD 14, her abdomen distended again, and poor
stool output was noted. This was also associated with
nausea, which was treated with Phenergan. There were
episodes of autonomic hyperreflexia at POD 16 associat-
ed with a distended, firm abdomen. Other causes of
autonomic dysreflexia were ruled out including bladder,
skin, and infection. Postoperative pain was contributing
to abdominal distention. Abdominal films confirmed
distended stomach and small bowel. IV morphine was
restarted, and the fentanyl patch dosage was increased.
As pain control improved, dysreflexia resolved, abdom-
inal girth decreased, and stool output improved. On POD
21, the patient was discharged home on fentanyl patch
(Duragesic, Raritan, New Jersey) 75 mg/h every 72 hours
and oxycodone elixir 40 mg every 6 hours as needed.

Case 2
A 30-year-old man with C4 ASIA A SCI caused by a spinal
hematoma was admitted for elective hemicolectomy
because of severe constipation leading to increasing
spasticity. Work-up was done before admission. He had
increasing abdominal distention and spasticity, with poor
results from his bowel programs. Transit study showed
decrease distal colon motility with large redundant loop
of sigmoid. He underwent extended left colectomy with
mobilization of splenic flexure and reanastomosis.

Postoperatively, he was placed on IV morphine. At
this point, his abdomen was soft and not distended. As he
continued on the IV morphine, no abdominal spasms
were noted. On POD 4, he was treated for a methicillin-
resistant Staphylococcus aureus urinary tract infection.
Bowel movements (with suppository and digital stimula-
tion) returned, and IV morphine was decreased. By POD
6, the patient was off the IV morphine. However, he
started having autonomic dysreflexic episodes (Tables 1
and 2) and emesis with increasing abdominal distention.
Because the patient was off IV morphine, postoperative
pain caused autonomic dysreflexia, which clinically
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presented as abdominal distention. Other causes of
autonomic dysreflexia were ruled out. A rectal tube was
inserted with 50-mL output. A radiograph showed a
dilated stomach. Nasogastric tube (NGT) output in-
creased to 1,250 mL over 1 shift. Immediate IV morphine
was given, and as pain resolved, there was decreased
NGT output and improved blood pressures. To improve
gastric motility, erythromycin was started. Despite oral
narcotics, episodes of autonomic dysreflexia went on for
the next week. At this point, the surgical team was
reluctant to use aggressive pain management because
these narcotic pain medications were thought to
decrease gastric motility.

On POD 14, the patient was placed on total
parenteral nutrition (TPN) because he was unable to
take food by mouth. There was a question as to whether
oral pain medications were being absorbed properly
because of the gastric emptying problems and he
continued to show signs of pain with abdominal spasms.
Thus, he was restarted on IV morphine. After 1 day of IV
morphine, his NGT output decreased, and he had large
bowel movements. A trial of regular diet was implement-
ed, but as the diet was advanced, he developed nausea
and emesis again. Autonomic hyperreflexia episodes
returned. Tegaserod 6 mg twice daily was tried to
promote gastric emptying as narcotics were decreased.
However, again, the patient had increased abdominal
spasms and increase in abdominal girth. Computed
tomography (CT) of the abdomen (Figure 1) was done
and showed a markedly distended abdomen. Esophaso-
gogastroduodenoscopy (EGD) showed marked gastric

distention and gastric atony (Figure 2). A percutaneous
gastrojejunostomy (PEG-J) tube was placed, and the
patient was started on a transdermal fentanyl patch. He
was observed for the next few days and was able to begin
oral feedings. His abdomen remained soft, and no nausea
or emesis occurred. Occasional abdominal distension
developed but resolved when air was vented from the
stomach through the PEG-J. On POD 42, he was
discharged home with a transdermal fentanyl patch,
tolerating a regular diet.

Case 3
A 31-year-old man with C4 ASIA A SCI caused by a
gunshot wound more than 10 years ago was admitted for
elective colectomy because of failure of right-sided
colostomy for bowel management and for cystectomy
caused by chronic cystitis. Past medical history was also
notable for kidney and bladder stones, with chronic
cystitis, and hemicolectomy with right-sided colostomy.
He has a chronic indwelling suprapubic tube for bladder
management. Preoperative radiographs showed a non-
distended abdomen. He underwent total colectomy,
partial cystectomy, and ileal loop with ileostomy.

Postoperatively, he was on IV morphine. He com-
plained of abdominal discomfort and had nausea and
vomiting, decreased bowel sounds, and a distended
abdomen. Mildly elevated blood pressure was noted. The
IV morphine dose was increased, which decreased the
blood pressure, relieved the abdominal symptoms, and
returned bowel sounds. He had a resolving ileus, but
delirium developed, which was thought to be secondary

Table 1. Blood Pressure and Heart Rate Record

Case Baseline BP/HR Postsurgery BP/HR
BP/HR During

Abdominal Distention
BP/HR With

Pain Medication

1 80–90 mmHg 86–120 mmHg 180–190 mmHg 95–120 mmHg
50–60 55–65 90–110 60–70
HR ¼ 60–70 BPM HR ¼ 70–90 BPM HR ¼ 50–70 BPM HR ¼ 70–80 BPM

2 85–110 mmHg 98–110 mmHg 170–190 mmHg 85–110 mmHg
50–60 70–85 80–95 50–60
HR ¼ 60s BPM HR ¼ 70–85 BPM HR ¼ 85–95 BPM HR ¼ 60s BPM

3 80–90 mmHg 100–120 mmHg 120–150 mmHg 85–113 mmHg
50–60 50–60 70–100 50–70
HR ¼ 60s BPM HR ¼ 70–80 BPM HR ¼ 70–86 BPM HR ¼ 60–70 BPM

Table 2. Nasogastric Output and Relation With Abdominal Distention

Case
NG Output During

Abdominal Distention
NG Output With
Pain Medication

1 None recorded None recorded
2 400 to max 1,300 mL per shift ,250 mL per shift
3 700 to max 3,500 mL per shift ,350 mL per shift
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to pain medication; thus, the IV morphine was decreased.

As IV pain medication was tapered, his stomach gradually

increased in girth, nausea ensued, and an orogastric (OG)

tube output increased to 1,250 mL during one shift.

Abdominal discomfort returned; thus, the IV morphine

was increased, which improved the nausea. Then, the OG

tube was discontinued.

The following day, the patient developed nausea and

vomiting, and the OG tube was replaced, returning

3,500 mL. A transdermal fentanyl patch was started, as

was tegaserod, with some relief of symptoms. Over the

next few days, the IV morphine was tapered and

discontinued. The patient again developed confusion,

thought to be secondary to the transdermal fentanyl, so

this was discontinued. This was followed by progressive

abdominal distension. For the next few days, it was

difficult to adjust pain medications and control dysre-

flexic episodes and abdominal distention. In addition, the

patient developed fever caused by Klebsiella bacteremia

and Candidemia.

Figure 1. CT abdomen with marked abdominal distention (Case 2).
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On POD 21, he underwent revision of the uretero-
intestinal anastomosis and ileal conduit. Postoperatively,
preventing gastroparesis and ileus with adequate pain
and blood pressure management was a challenge. One
week after the second surgery, EGD showed severe
gastric atony (Figure 3), and a percutaneous endoscopic
gastrostomy (PEG) tube placement was done because of
delayed gastric emptying with persistent nausea and
vomiting. The PEG tube was used to vent the stomach as
the patient’s abdomen became distended. Eventually, he
was restarted on pureed diet and gradually tolerated the
diet well. He was discharged home 1 week after PEG
placement.

DISCUSSION
This series shows an interesting phenomenon, which
supports the hypothesis of Fealey et al (7) that autonomic
hyperreflexia affects gastric emptying in persons with

SCI. In this series, 3 patients with complete cervical SCI

had postoperative gastroparesis after abdominal surgery,

in association with elevated blood pressures (Table 1). In

all cases, increased narcotics seemed to improve gastric

motility, in addition to decreasing blood pressure (Table

2). Our assumption was that these patients have

postoperative pain, which is universal in patients after

abdominal surgery. The elevated blood pressures in these

patients confirmed that they were experiencing a painful

stimulus below the level of their injury. Treatment with

narcotics reduced the blood pressure by treating the

pain. The unexpected finding was that the degree of

gastroparesis correlated with the increased blood pres-

sure, and narcotics actually improved gastric emptying

(rather than delaying it as one would fear).

There is acute stress placed on gastrointestinal

motility associated with surgery. Acute ileus is common

after abdominal surgeries (23,24). However, in the first 2

cases, ileus did not appear acutely. Rather, the patients

had gastroparesis that occurred on the second week

postoperatively, coinciding with the tapering of intrave-

nous pain medication and just as oral pain medications

were added. In case 3, the patient did have postoperative

ileus but also had a more complicated medical course.

However, his abdominal distension may also have been

caused in part by autonomic hyperreflexia, because it

correlated with high blood pressure and improved with

IV morphine.

Often initial management by the surgeons was to

decrease the narcotics, because of the gastric emptying

delay these can cause. The decreased gastric emptying

was confirmed by CT and EGD in our case series (as well

as by high gastric output using a NG or OG tube). In all

cases, the reduced gastric emptying was accompanied by

increases in blood pressure consistent with autonomic

dysreflexia.

Figure 2. Esophagogastroduodenoscopy image (Case 2).

Figure 3. Esophagogastroduodenoscopy image (Case 3).
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In this case series, patients were managed primarily
with IV or transdermal narcotic agents for pain control. IV
medications allow rapid adjustment to changes in blood
pressure and can even be dosed according to blood
pressure parameters rather than continuously. Overall,
however, surgeon preference is to wean patients off the
IV pain medications quickly. Patients are often unable to
take oral medications during the early postoperative
phase, because abdominal distention and poor bowel
sounds are contraindications to beginning oral intake. In
addition, oral medications may not be absorbed properly
in the face of gastric emptying delay; thus, other routes
should be used. (12,25). We found that gastric motility
agents were not effective, unless accompanied by pain
medication. Thus, we found that transdermal fentanyl
was useful to alleviate the gastric distension and manage
the autonomic dysreflexia in our patients. It remains
unclear whether this medication was itself associated
with symptom reduction or whether the problem was
already starting to resolve by the time we changed from
IV to transdermal narcotics. Fentanyl and morphine have
differing affinities for the mu and kappa subtypes of the
opioid receptor; thus, the improvement seen with
Fentanyl may indeed represent a physiologic difference
in the way these medications affect gastrointestinal
motility.

It is difficult to know what caused the gastric atony.
Possibilities include prolonged intermittent gastric dis-
tention (.1 week) or antral hypomotility from the
sympathetic output as mentioned above. Despite the
beneficial effects of the pain medications discussed
above, PEG tube placement was necessary to relieve the
gastric distention. Interestingly, both patients recovered
gastric function within a week after PEG, for reasons that
are not clear, leading us to wonder if they would have
gotten better alone or if the decompression played a role
in their recovery.

CONCLUSIONS
In summary, this case series documented delayed gastric
emptying in 3 persons with tetraplegia after abdominal
surgery. In all cases, decreasing narcotic doses seemed to
worsen the gastric emptying delays, and increasing
narcotic doses reduced the gastric emptying delays.
Treating the pain with either IV or transdermal medica-
tions seems to be very important in aiding gastric
emptying, but the ideal medication and timing of
administration are yet to be determined. Hopefully, an
increased awareness of this phenomenon postoperatively
will prompt earlier recognition and treatment and reduce
the number of patients needing PEG or PEJ tubes in the
future.
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