CASE REPORT

Mesenteric Venous Thrombosis as Sole
Complication of Decompression Sickness

STANFORD L. GERTLER, MD, JOSEPH STEIN, MD, THOMAS SIMON, MD,
and KATSUMI MIYAI, MD

- Mesenteric venous thrombosis is rare in healthy
individuals. A variety of underlying conditions in-
cluding several hypercoagulable states have been
associated with mesenteric venous thrombosis (1).
We present a case of a professional diver who
developed extensive small bowel venous infarction
after a dive. The patient had a history of phlebitis
and pulmonary embolism associated with diving but
no identifiable coagulopathy. In decompression
sickness, a series of chemical and vascular events
are initiated which produce tissue ischemia and
results in venous infarction (2). This report is the
first description of mesenteric venous thrombosis
as the sole manifestation of decompression sick-
ness.

CASE REPORT

A 27-year-old, white, male professional scuba diver
was seen on November 25, 1981, because of abdominal
pain of 36 hr duration.

The patient was in good health and working as a diver
until September 1978. At that time, following a dive, he
was admitted to San Diego Naval Regional Medical
Center with edema, erythema, and a palpable cord in the
right calf. A venogram was negative for deep venous
thrombosis and his symptoms and signs resolved on
treatment with aspirin, heat, and elevation. In June 1979
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he presented again following a dive, complaining of
pleuritic chest pain and hemoptysis. Chest x-ray showed
a right lower lobe infiltrate with blunting of the right
costophrenic angle. Ultrasound revealed no pleural effu-
sion. Arterial blood gases on room air were pH 7.48, P*0:
85, and P?co:2 34. Perfusion scan with #Tc-labeled macro-
aggregated albumin showed multiple defects, one of
which was unmatched on !33Xe ventilation scan. He was
treated with intravenous heparin infusion for two days in
hospital followed by coumadin for 6 months, without
recurrence of his symptoms.

Two days prior to admission he made a dive in cold
water using surface supplied air to a depth between 40
and 50 feet for 160 min. Twelve hours later he noted the
gradual onset of diffuse, colicky, periumbilical pain. The
pain was unaffected by bowel movements and positional
change. He vomited clear material and had 3-4 loose
bowel movements without blood. There was no pruritus,
rash, paresthesias, arthralgias, dyspnea, or changes in his
mental status.

On presentation to the San Diego Veterans Administra-
tion Medical Center, his temperature was 97.6° F, respi-
rations were 22/min, blood pressure 150/80 mm Hg and
pulse 60/min. He was in distress with severe abdominal
pain. Examination of the abdomen showed normal bowel
sounds, hyperresonance, moderate diffuse tenderness,
guarding in all quadrants, but no rebound tenderness.
Stool was brown and Heme-occult test negative. White
blood cell count 11,100/mm?, and the hematocrit was
46%. Urinalysis showed rare white blood cells. Electro-
lytes, coagulation studies, amylase, and liver tests were
normal. Chest x-ray was normal and abdominal x-ray
series showed small air fluid levels without dilated bowel
loops, pneumatosis coli, or thumbprinting. Because of the
possibility of decompression sickness causing his severe
abdominal pain, he underwent recompression in a United
States Navy double-lock chamber at 60 feet equivalent
seawater pressure. He was treated with intravenous
fluids. After 50 min his abdominal pain worsened and
recompression was stopped. He was admitted to the San
Diego Veterans Administration Medical Center and fluids
were given.

Diarrhea persisted and on the second hospital day he
vomited 500 cc of grossly bloody material. Upper gastro-
intestinal endoscopy showed minimal patchy erythema
without an active bleeding lesion. The white blood cell
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Fig 1. The resected bowel and mesentery were dark red in color. The intestinal wall and mesentery are
markedly thickened due to edema and hemorrhage.

count was 20,500/mm?® with a shift to the left, and the
hematocrit was 39.2%. Serum was amylase was normal.
Intravenous pyelogram revealed no calculi. Exploratory
laparotomy was performed because of the persistence of
severe abdominal symptoms. Findings included approxi-
mately 1000 c¢ of bloody ascites and 130 cm of infarcted
small bowel, beginning just proximal to the ligament of
Tietz. The infarcted segment was resected, and after
surgery he was given intravenous heparin, with an un-
eventful recovery.

Pathology. Pathologic examination revealed no air bub-
bles in the bowel on submersion. The affected segment of
the bowel was dark red in color with marked thickening of
the wall due to edema and hemorrhage (Figure 1). The
mesentery was also thickened with edema and hemor-
rhage. On sectioning the mesentery, thrombi protruded
from some of the transected veins. Mesentric arteries
were patent. Microscopically, the affected regions of the
bowel showed hemorrhage and partial necrosis of the
mucosa. There was severe edema of the submucosa with
marked engorgement of veins and foci of hemorrhage.
Some of the submucosal veins contained fresh thrombi.
Sevete venous congestion and focal hemorrhage were
also present in the muscularis propria and serosa. There
was little or no inflammatory reaction (Figures 2 and 3).

Coagulation Studies. At the time of admission, the pro-
thrombin time; partial thromboplastin time, and platelet
count were normal. Subsequent evaluation included a
normal antithrombin III level and activity, and a normal
sucrose hemolysis test. The patient’s plasma was also
analyzed for protein C. Protein C is a vitamin K-depen-
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dent serine protease and is a potent in vitro anticoagulant
and an in vivo profibrinolytic agent (3, 4). Since the
patient was taking coumadin at the time of the assay, a
ratio of protein C to factor X was performed. Levels of
both proteins are decreased by coumadin, but the ratio
remains at unity in normal controls as it was in our patient

).

DISCUSSION

Mesenteric venous thrombosis of the small intes-
tine developed in a professional diver. The patient
presented with severe abdominal pain and diarrhea
and then developed massive upper gastrointestinal
bleeding. The writhing pain suffered by the patient
in the absence of peritoneal findings on examination
was suggestive of acute mesenteric insufficiency.
Rapid emptying of the bowel is characteristic of
superior mesenteric artery embolism but vomiting
or diarrhea is also seen in mesenteric venous throm-
bosis. Blood in the stool is typical in acute mesen-
teric infarction, but generally there is no massive
gastrointestinal bleeding (5-7). In this case, hemate-
mesis was due to the proximal location of the
infarction.

Diving-related medical complications result from
barotrauma and from the vascular and chemical
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Fig 2. Micrograph showing the mucosa (upper left), submucosa,
muscularis propria, and serosa. The mucosa is partially necrotic.
The submucosa is thickened due to severe edema and venous
congestion. Vascular congestion is also marked in the muscularis
propria. Foci of hemorrhage are seen in all layers of the intestinal
wall. (X145)

events involved in the pathogenesis of decompres-
sion sickness (8). Barotrauma during ascent results
when compressed gas expands in enclosed spaces
during reduction in environmental barometric pres-
sure and may lead to pneumothorax or air embo-
lism. In a similar manner, abdominal pain, belching,
and passage of flatus during ascent is thought to be
due to aerophagia and gaseous distension as the
barometric pressure decreases (9). Gastric rupture
as a manifestation of barotrauma has been recently
reported (10). Alternatively, mesenteric ischemia
due to obstruction of flow might produce abdominal
pain. Vascular obstruction due to bubbles is felt to
account for neurologic damage and pulmonary com-
promise associated with decompression sickness,
but it has not been suggested as a cause of abdomi-
nal pain (10). We will review the pathophysiology of
decompression sickness to examine factors which
predispose to tissue ischemia and the relationship to
our patient’s mesenteric venous thrombosis.
During a scuba dive, the pressure of nitrogen
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increases in the inhaled air during descent. This
results in a time-dependent solution of nitrogen in
body fluids and tissues. Nitrogen can come out of
solution and form bubbles during ascent if baromet-
ric pressure decreases too rapidly. Bubbles form
predominately in the venous circulation, although
in overwhelming decompression sickness bubbles
may also be formed in the arterial circulation (11).
The bubbles coalesce causing vascular obstruction.
Although bubble formation is felt to be the central
event in decompression sickness, a variety of other
hematologic abnormalities have been described that
produce a hypercoagulable state (2, 12, 13). Addi-
tional factors that may contribute to the pathogene-
sis of decompression sickness have been shown in
experimental systems. These factors include inter-
action of the bubble surface with the cellular ele-
ments in the biood resulting in platelet microthrom-
bi, sludging of RBC, and rouloux formation; in-
creased vascular permeability resulting in hemo-
concentration; and vascular obstruction due to fat
emboli (2, 14-16).

The result of mechanical vascular obstruction
due to bubbles, cellular elements, lipid aggregates,
and hemoconcentration is venous obstruction and
thrombosis. An important example of these vascu-
lar events is the spinal cord lesions associated with

Fig 3. Fresh thrombi in one of the submucosal veins. (X 540)
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stasis and thrombosis of the epidural veins reported
as a complication in decompression sickness (17).
Despite the documentation of bubbles in the mesen-
teric circulation in overwhelming decompression
sickness, mesenteric venous thrombosis has not
been previously described. Published studies of
postmorten changes in decompression sickness are
limited and review of bowel findings is seldom
noted (20-24). When visceral changes are reported,
vascular bubbles and bowel wall congestion are
described on gross examination. In contrast, careful
documentation of vascular compromise is described
in the brain, spinal cord, lungs, liver, spleen, kid-
neys, and long bones. Perhaps the extensive collat-
eral circulation of the bowel protects it from vascu-
lar compromise in decompression sickness.

The onset of symptoms 12 hr after the dive and
the lack of improvement with recompression in our
patient are unusual in decompression sickness.
Generally symptoms begin within 1 hr of surfacing.
By 12 hr 97% of all cases have developed symptoms
(25). In our patient, it is proposed that inadequate
decompression during ascent from his dive resulted
in asymptomatic venous bubble formation as re-
ported in experimental animals and man (26). These
bubbles triggered the hematologic events previous-
ly discussed and led to the patient’s mesenteric
venous thrombosis. The patient’s symptoms and
massive gastrointestinal hemorrhage were due to
compromised bowel. The symptoms of mesenteric
venous thrombosis may be of surprisingly long
duration, suggesting that bowel infarction may be
delayed after vascular compromise (1). In this case
the period of recompression was shortened to 50
min due to his deteriorating condition. Treatment of
decompression sickness consists of immediate re-
compression in a hyperbaric chamber with standard
protocols lasting 2-6 hr. A return to hyperbaric
conditions reduces bubble size, and breathing en-
riched oxygen produces a gradient of removal for
nitrogen bubbles and alleviates tissue hypoxia. Re-
compression often produces rapid improvement in
the symptoms of decompression sickness (25). Fail-
ure of our patient to improve with recompression
also suggests that his symptoms were due to bowel
ischemia or necrosis, although he may have im-
proved with a longer period of recompression.

This unusual case emphasizes the need to consid-
er mesenteric infarction in young patients with
severe abdominal pain. Additionally, this case is a
vivid example of the hematologic consequences of
decompression sickness. While decompression
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sickness can be considered a hypercoagulable con-
dition, our patient seems to have a unique predispo-
sition to venous thrombosis in association with
diving. He had a history of phlebitis and pulmonary
embolism incurred following dives not associated
with other symptoms of decompression sickness.
The certainty of these diagnosis can be questioned,
but it raises the possibility of an underlying throm-
botic diathesis. Laboratory testing failed to detect a
hypercoagulable state. Presently he is being treated
with chronic coumadin therapy and has refrained
from diving. No further thromboembolic episodes
have occurred.

SUMMARY

A 27-year-old male commercial diver developed
massive mesenteric venous thrombosis following a
dive. Symptoms at presentation included abdominal
pain and diarrhea. A severe upper gastrointestinal
bleed developed. Exploratory laparotomy demon-
strated 130 cm of infarcted small bowel. The patho-
physiologic events in decompression sickness pre-
dispose to vascular obstruction and venous infarc-
tion. This patient had a past history of possible
thrombophlebitis and pulmonary embolism associ-
ated with diving but no identifable coagulopathy.
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