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Abstract
Background: The laparoscopic use of fluorescein and
ultraviolet light may be a useful diagnostic tool that
potentially could reduce the time until diagnosis and the
subsequent mortality of mesenteric ischemia.
Methods: Eight pigs were subjected to a pneumoperi-
toneum pressure of 7 mmHg, and another eight pigs
were exposed to a pressure of 14 mmHg. A segment of
small bowel was devascularized. Two filters were used to
create ultraviolet light. Pigs from each pressure group
were given various intravenous fluorescein doses. The
ischemic segment of the small intestine and other
structures were inspected laparoscopically with the fil-
ters attached. A videotape was evaluated by resident and
attending surgeons.
Results: Ischemic bowel was seen as a darkened sil-
houette against the viable fluorescent tissue. Overall, the
results show that the use of ultraviolet light and fluo-
rescence in the laparoscopic model is adequate for al-
lowing the identification of ischemic bowel.
Conclusions: The laparoscopic use of ultraviolet light
combined with intravenous fluorescein dye is an effective
diagnostic tool for evaluating mesenteric ischemia in
pigs.
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Despite advances in diagnostic and therapeutic tech-
nologies, acute mesenteric ischemia continues to be a
rare but devastating condition with a mortality rate of
70% to 90%. Delayed diagnosis is cited as an important

factor contributing to poor outcome, yet early diagnosis
of intestinal ischemia remains one of the most chal-
lenging aspects of the disease [1, 4, 8, 11, 13].

Several factors are implicated in the difficulty diag-
nosing acute mesenteric ischemia. The typical patient
reports abdominal pain out of proportion to physical
findings, but often chronic illnesses or altered mental
status can obscure this classic presentation. Currently,
the most accurate method for diagnosing acute bowel
ischemia is mesenteric angiography. However, adminis-
tration of intravenous contrast and transport of the
patient to the radiology department are required for this
procedure and pose potential risks to medically unstable
patients [9, 11]. Computed tomography and ultrasound,
frequently obtained for evaluation, contribute to the
delay in treatment because they are nondiagnostic of
mesenteric ischemia or infarction. Blood tests, radio-
nucleotide scanning, peritoneal fluid analysis, and end-
oscopy have been explored as methods for improving
diagnostic accuracy and time until diagnosis, yet delayed
and inaccurate diagnoses continue to occur. Moreover,
no diagnostic intervention so far has been shown to
reduce the mortality rate [4, 11, 13].

Diagnostic laparoscopy is used with increasing fre-
quency to evaluate the acute abdomen in the critically ill
patient. First described in 1989 as a means to evaluate
mesenteric ischemia at the bedside, this technique al-
lowed for laparoscopic inspection of the intestine’s
serosal surface [8]. Over the past decade, a growing
number of studies have concluded that bedside lapar-
oscopy is a safe and efficient means for assessing bowel
viability [11, 15]. This technique avoids the problems of
transport and nephrotoxic agents, potentially reducing
the number of diagnostic tests, and hence, time until
diagnosis.

The use of intravenous sodium fluorescein with ul-
traviolet light to produce fluorescence in tissue is an
established technique to determine intraoperative intes-
tinal viability [1–3, 5–7, 10–12, 14, 18]. First performed
by Lange in 1942, this technique results in fluorescence
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of viable, perfused tissue when it is exposed to long wave
ultraviolet light [12]. Conversely, tissues that are not
perfused do not fluoresce and are deemed nonviable.
Fluorescein dye is inexpensive, readily available, and
safe [2, 5, 7, 11, 12, 18]. Gorey [6] reported a sensitivity
of 96% and a specificity of 95% with the use of fluo-
rescein fluorescence in open exploration for mesenteric
ischemia in the rat model. Pearse et al. [17] found similar
results in the early assessment of intestinal ischemia in
the canine model with a sensitivity of 88%. In human
trials, Paes et al. [16] found fluorescein to be highly ef-
fective in identifying mesenteric infarcts in 38 patients.
Bulkley et al. [2] found fluorescein testing to have 100%
sensitivity and specificity in predicting bowel ischemia in
a prospective, controlled study of 28 consecutive pa-
tients.

The application of fluorescein and long-wave ultra-
violet light to laparoscopy would be a powerful adjunct
to the current bedside procedures for determining mes-
enteric ischemia. The procedure would allow for direct,
bedside assessment of tissue perfusion, thus permitting
identification of ischemic and viable tissue. Potentially,
the accuracy in identifying ischemic bowel would be
enhanced, thereby reducing the time to diagnosis and
mortality.

The current study describes the use of two light fil-
ters attached to standard videolaparoscopic equipment
to achieve effective laparoscopic fluorescence of viable
tissues and visualization of ischemic bowel in the por-
cine model. We propose that the laparoscopic use of
ultraviolet light and fluorescein provides the surgeon
with the ability to discern between viable and ischemic
tissues on a consistent basis. Furthermore, the fluores-
cent visualization of different ischemic segments as a
function of pneumoperitoneum pressures and fluoresc-
ein dye dosages is examined.

Materials and methods

The Institutional Animal Care and Use Committee at Allegheny
General Hospital approved the study. Sixteen 25-lb pigs were anes-
thetized with ketamine 15 mg/kg intramuscularly (IM), xylozine 2 mg/

kg IM, and isoflurane 4% via an endotracheal tube, then maintained
on ventilators. Arterial catheters were placed to monitor hemody-
namics. Abdominal access was achieved with a Veress needle, and
pneumoperitoneum was established with carbon dioxide gas. Eight of
the pigs were subjected to a pneumoperitoneum pressure of 7 mmHg,
whereas the other eight were exposed to a pressure of 14 mmHg. After
laparoscopic evaluation of the abdominal cavity, a 10- to 15-cm
segment of small bowel was devascularized with surgical clips, and
the bowel became visibly ischemic (Fig. 1). Two filters (Karl
Storz Endoscopy, Tuttlingen, Germany) were used. One filter was
placed between the light source and the light cable to filter all but long-
wave (380–440 nm) ultraviolet light. The second filter was inserted
between the laparoscope and the camera to filter all but fluorescent
frequency.

Two pigs from each pneumoperitoneum pressure group (7
mmHg and 14 mmHg) were given an intravenous sodium fluorescein
dose of 5 mg/kg, 10 mg/kg, 15 mg/kg, or 20 mg/kg. The ischemic
segment of the small intestine, surrounding bowel, and other struc-
tures were inspected laparoscopically with the filters attached.
Videotape and digital still images recorded the laparoscopic findings
from the 16 pigs. The pigs were then euthanized with intracardiac
potassium chloride.

Eight representative segments of the video documentation and
digital images after the fluorescein injection were presented in rand-
omized order to 15 surgical residents and attending surgeons. Each
segment contained the laparoscopic findings from both pressure
groups (7 mmHg and 14 mmHg) and all four fluorescein dose groups.
These evaluators, who had a wide range of laparoscopic experience,
were blinded to the fluorescein dosage and pneumoperitoneum pres-
sure and were not affiliated with this study. On the basis of the premise
that green fluorescence was perfused tissue and darkened tissue was
nonperfused tissue, the evaluators were asked first if an ischemic seg-
ment could be identified. Then they rated their ability to discern is-
chemic bowel from viable tissue and their ability to visualize
surrounding structures. The rating occurred on a scale of 1 to 5. A
rating of 1 denoted complete inability to define an area of ischemia or
to see any surrounding bowel or organs. A rating of 2, 3, or 4 repre-
sented ability to discern ischemia or visualize structures as fair, good,
or very good, respectively. A rating of 5 reflected excellent distinction
between an ischemic and perfused segment of intestine and excellent
visualization of surrounding structures.

Results

All of the pigs remained hemodynamically stable during
the procedure. The investigators noted that in all 16
pigs, viable tissue and intestine were visualized as fluo-
rescent within 30 s after fluorescein injection. Addi-

Fig. 1. Ischemic small bowel with white light seen laparoscopically. Fig. 2. Ischemic small bowel with fluorescein and ultraviolet light seen
laparoscopically.
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tionally, the ischemic segment of intestine was noted to
be a darkened silhouette against the fluorescent tissue.
In all cases, sufficient fluorescence was achieved to vis-
ualize surrounding organs and intestine, such that the
investigators were able laparoscopically to inspect the
bowel from proximal to distal end (Fig. 2).

All 15 surgical residents and staff evaluating the
selected video documentation identified the ischemic
segment of the small bowel from all 16 pigs. In rat-
ing their ability to identify an ischemic intestinal seg-
ment or visualize surrounding structures, the
evaluators did not register any one particular fluorescein
dosage or pneumoperitoneum pressure as superior.
The average scores for each group are listed in Tables 1
and 2.

These data were analyzed with the Friedman test, a
nonparametric comparison of the distributions of sev-
eral related variables. The average rating for the ability
to identify an ischemic segment of bowel was signifi-
cantly worse (p< 0.05) in the pigs exposed to 14 mmHg
and 15 mg/kg of fluorescein than in the remaining
groups. The mean rating in this group for identifying
ischemia and visualizing viable bowel was 3.1 and 3.7,
respectively. The ratings ranged from 2 to 5 (fair to
excellent), with 25% of the ratings documented as ex-
cellent or very good, 58% as good, and 17% as fair for
discerning ischemia. With regard to visualizing sur-
rounding viable structures, 66% of the ratings were
documented as excellent or very good, 25% as good and
8% as fair.

Overall, the results show that the use of ultraviolet
light and fluorescence in the laparoscopic model is ad-
equate for allowing the identification of ischemic bowel.
Specifically, the ability to determine ischemic bowel us-
ing fluorescein dosages of 5, 10, and 20 mg/kg was
classified as very good or excellent in 83% to 91% of all
evaluator ratings. Visualization of surrounding struc-
tures was rated as very good to excellent in 75% to 100%
of all evaluator ratings for these same dosages.

Discussion

The preliminary data from this study demonstrate that
perfused and ischemic bowel can be identified lapa-
roscopically in the porcine model using intravenous
sodium fluorescein dye and two ultraviolet light filters
on standard laparoscopic equipment. Additionally,
varying the dose of fluorescein or amount of pneumo-
peritoneum does not interfere with accurate assessment
of bowel viability.

The dosage of fluorescein for optimal fluorescence
has not been established, with most studies reporting 2
to 15 mg/kg [2]. We were interested in investigating
differences in fluorescence over a range of dosages.
We hypothesized that lower doses of fluorescein might
not provide enough fluorescence to permit inspection of
the small intestine from proximal to distal points, and to
see surrounding structures. The visualization of sur-
rounding viable tissue is dependent on the fluorescence
created by the perfusion of fluorescein through the in-
terstitial fluid of the tissue, which is excited by long-
wave ultraviolet light. Conversely, we hypothe-
sized that higher doses of fluorescein might alter the
ability to determine ischemic tissue through microvas-
cular encroachment of fluorescein from viable segments
into ischemic segments or staining from peritoneal fluid
that contains fluorescein.

This study was conducted using a standard pneu-
moperitoneum pressure of 14 mmHg and a lower pres-
sure of 7 mmHg. The rationale for investigating the lower
pneumoperitoneum pressure was based on previous
studies concluding that a pneumoperitoneum pressure
higher than 12 to 15 mmHg is associated with decreased
capillary blood flow [19]. As such, we were interested in
seeing whether a lower pneumoperitoneum pressure
would allow for increased capillary blood flow, thereby
improving perfusion of the tissue with fluorescein. The
amount of fluorescence generated by the ultraviolet light
then would be increased, and visualization of viable
structures would be better than for those tissues sub-
jected to a higher pneumoperitoneum pressure. Our re-
sults failed to demonstrate this.

The ability to discern ischemia was comparable in all
pressure groups, excluding the group of pigs receiving a
pneumoperitoneum pressure of 14 mmHg and a fluo-
rescein dose of 15 mg/kg. Similar results were achieved
when the evaluators judged their visualization of viable
structures. The significance of this lower rating is un-
known because better ratings were seen in categories
with lower and higher fluorescein doses and lower
pressures. In addition, the hemodynamics of the pig and
the technique used to create ischemia were the same as
with other models. Possible mechanisms that could have
caused this finding include inadequate clip placement
and staining of the serosa with fluorescein from sur-
rounding perfused organs.

Although acute mesenteric ischemia is a rare disor-
der, its persistently high mortality rate continues to
challenge clinicians. Intestinal necrosis can occur within
hours, making prompt diagnosis and treatment critical
to a successful outcome. Improvement in this outcome is

Table 1. Identification of ischemia

Flouorescein dosage (mg/kg)

Pneumo press (mmHg) 5 10 15 20

7 4.8 4.8 4.7 4.8
14 4.7 4.9 3.1* 4.8

5 = excellent; 4 = very good; 3 = good; 2 = fair; 1 = poor
Pneumo press, pneumoperitoneum pressure

Table 2. Visualization of Structures

Flouorescein dosage (mg/kg)

Pneumo press (mmHg) 5 10 15 20

7 4.3 4.3 4.5 4.7
14 4.1 4.4 3.7 4.4

5 = excellent; 4 = very good; 3 = good; 2 = fair; 1 = poor
Pneumo press, pneumoperitoneum pressure
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hampered by late presentation of patients, delayed or
incorrect diagnosis, and delay in treatment.

Diagnostic laparoscopy for the evaluation of ab-
dominal vascular catastrophes is not yet an established
method, but is being used increasingly to assess the
acute abdomen at the bedside [8, 15, 20]. However, the
visual assessment of ischemic intestine under white light
is unreliable in both open and laparoscopic conditions
[3, 7, 11]. The adjuvant use of fluorescein dye has been
shown to increase the sensitivity and specificity of clin-
ical judgement alone in open laparotomies for intestinal
ischemia, and it is more accurate than other operative
means of diagnosis, such as Doppler flowmetry [1, 2, 6,
7, 10, 14].

Two studies have examined the use of fluorescence
and endoscopic technology to determine bowel ischemia
[5, 10]. However, both studies used an argon laser light
transmitted through a fiberoptic strand inserted through
a working port in the endoscope. Visualization of is-
chemic bowel was adequate but most standard laparo-
scopes do not have a working port. In addition, many
institutions do not have access to an argon laser, par-
ticularly at the bedside.

The laparoscopic use of ultraviolet light created by a
long-wave ultraviolet light filtering system combined
with intravenous fluorescein dye is an effective diag-
nostic tool in the evaluation of mesenteric ischemia in
the porcine model. This pilot study investigated the ef-
fects of fluorescein dosage and pneumoperitoneum
pressure in the detection of mesenteric ischemia. The
data presented in this study serve as preliminary findings
for future investigation of the same technique in a larger
sample and perhaps with human subjects. These results
should be interpreted cautiously. A greater number of
cases are needed to determine an optimal dosage of
fluorescein.

The purpose of this study was to present a new
technique that, if proved efficacious, may have clinical
implications on humans. Its use at the bedside of hu-
mans for early diagnosis of mesenteric ischemia should
be investigated. This technique has the potential to re-
duce the mortality associated with this condition by
reducing the time to diagnosis through elimination of
the need for unnecessary or potentially harmful tests.
The application of the light-filtering system to standard
laparoscopic equipment is simple and can be provided
universally to all hospitals with standard laparoscopic
capabilities.
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