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Abstract
Background—Predicting the long-term viability of ischaemic bowel during surgery is
challenging. We hypothesized that intraoperative near-infrared (NIR) angiography (NIR-AG) of
ischaemic bowel might provide metrics that were predictive of long-term outcome.

Materials and Methods—NIR-AG using indocyanine green (ICG) was performed on N = 24
pigs before and after inducing bowel ischaemia to determine the feasibility of NIR-AG to detect
compromised perfusion. Contrast-to-background ratio (CBR) over time was measured in regions
of interest throughout the bowel, and various metrics of the CBR-time curve were developed. N =
60 rat bowels, with or without strangulation, were imaged intraoperatively and on postoperative
day (POD) 3. CBR metrics and clinical findings obtained intraoperatively were assessed
quantitatively for their ability to predict animal survival, histological grade of ischaemic injury,
and visible necrosis at POD 3.

Results—In the ischaemic bowels of pigs, various qualitative and quantitative CBR metrics
appeared to correlate with bowel injury as a function of distance from normal bowel. In rats,
intraoperative clinical assessment showed high specificity but low sensitivity for predicting
outcome on POD 3. Qualitative patterns of the CBR-time curve, such as absence of an arterial
inflow peak and presence of a NIR filling defect, resulted in better accuracies to predict animal
survival, histological grade, and visible necrosis at POD 3 of 90%, 85% and 92%.
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Conclusion—Bowel survival at POD 3 can be predicted by intraoperative NIR-AG with higher
accuracy compared to clinical evaluation alone. NIR-AG may someday prove useful clinically for
avoiding unnecessary resection.
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INTRODUCTION
The intraoperative assessment of bowel perfusion is typically subjective; therefore, surgeon
experience is of paramount importance. Clinical findings, such as colour, pulsation,
temperature, and/or peristalsis are the metrics that currently guide the extent of bowel
resection in the presence of ischaemia. Unfortunately, clinical findings alone often lead to
extensive bowel resections1 or anastomotic failure.2 The incidence of anastomotic leakage in
gastrointestinal tract surgery, for example, has been reported to be 2.7% to 7.6% in recent
studies.3–5

Matsui et al.6 and others7–9 have recently shown that intraoperative near-infrared (NIR)
fluorescence angiography (NIR-AG) of perforator vessels can predict skin flap outcome on
postoperative day (POD) 3. The contrast agent used in these studies was indocyanine green
(ICG), a blood pool agent FDA-approved since 1958 for other indications. After rapid bolus
injection, ICG sequentially highlights arteries, capillaries and veins, and permits precise
mapping of tissue vascularity over time. In these studies, vascular flow served as a reliable
surrogate for tissue perfusion.

After intravenous injection, ICG rapidly binds to plasma proteins and is cleared by the liver
with a 2 to 4 min half-life.10 This rapid elimination from blood makes ICG useful for
angiography because results are available immediately and injections can be repeated every
10 to 20 min to avoid dose stacking. The hypothesis guiding this study was that NIR-AG of
bowel, as it has been shown in skin,11 might provide qualitative and/or quantitative
intraoperative metrics that could predict clinical outcome on POD 3.

MATERIALS AND METHODS
NIR Fluorescence Imaging System

The Fluorescence-Assisted Resection and Exploration (FLARE™) NIR imaging system used
in this study has been described in detail previously.12 Briefly, the system is positioned
using an articulated arm anywhere over the surgical field, with a working distance of 45 cm
above the subject. White (400–650 nm) light and NIR fluorescence excitation (745–779 nm)
light are generated by light emitting diodes (LED) over 15-cm diameter projection. Colour
video (i.e., surgical anatomy) and NIR fluorescence (i.e., fluorophore distribution) images
are achieved simultaneously via custom-designed optics. After computer-controlled camera
acquisition via custom software, anatomic (colour video) and functional (NIR fluorescence)
images can be displayed individually and merged. For merged images, the grayscale NIR
fluorescence image was pseudo-coloured in lime green and superimposed on the colour
video image. All images were refreshed up to 15 times per s. Hands-free operation utilizing
motorized zoom and focus lenses and a foot-switch are also provided. Fluorescence intensity
of any desired region of interest (ROI) was quantified using a 12-bit pixel scale (range, 0 to
4095).
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Animals
Animals were studied under the supervision of an approved institutional protocol. Female
Yorkshire pigs (E. M. Parsons and Sons, Hadley, Massachusetts) weighing 33.1 to 42.3 kg
(median; 37.6 kg) were induced with 4.4 mg/kg intramuscular Telazol, intubated, and
maintained with 2% isoflurane (Baxter Healthcare Corp., Deerfield, Illinois). Male 250-g
Sprague-Dawley rats from Charles River Laboratories (Wilmington, MA) were induced and
maintained with isoflurane.

NIR-AG of Ischemic Porcine Bowel
A total of N = 24 pigs were included in the study. Pigs were chosen for initial optimization
of the technology because the size, thickness, chromophore content, and scattering
coefficients of their bowel closely resemble those of humans, providing potential for
immediate clinical translation of the results. A standard midline laparotomy was performed
and the small bowel was exposed. To create an ischaemic segment, mesenteric vessels were
isolated. After a 30 min waiting period to avoid possible vascular spasm following this
dissection, animals underwent initial NIR-AG using a rapid intravenous bolus injection of
0.05 mg/kg ICG (Akorn, Decatur, IL). Because the mesenteric vessels of pig small bowel
are branched more proximally than the vessels of human and there are fewer communicating
vessels, the ischaemic segment is well-defined after clamping. Thus, it was easy to create
different lengths of ischaemia by adjusting the number of mesenteric vessels that were
clamped. The extent of the ischaemia was expected to be more severe at the central part of
the ischaemic segment. This model was created to mimic bowel anastomosis, and the
mesenterium was trimmed to provide seam allowance even though the continuity of the
bowel was not interrupted. Using this model, one can investigate perfusion as a single factor,
eliminating the impact of the anastomotic technique.

Animals were then divided into 3 groups (N = 8 animals per group) based on the length of
ischaemic segment created by mesenteric vascular occlusion using a vascular clamp (Figure
1A). Short (2–3 cm), medium (4–5 cm) and long (6–12 cm) ischaemic segments were
defined, and each ischaemic segment was subdivided into equally spaced 2, 4 or 6 smaller
segments ranging from 1 to 2 cm each (Figure 1A and Supplementary Tables S1 and S2). A
numbered region of interest (ROI) was drawn on the border of the subdivided segment and
adjacent non-ischaemic bowel at the mesenteric and anti-mesenteric side. The ROI was
grouped according to the distance from normal bowel (Supplementary Tables S1 and S2).
Isolated mesenteric vessels were occluded for the time indicated then, after the occlusion
was removed, a second NIR-AG using ICG was performed. Camera exposure time for each
individual image was fixed at 60 ms, and images were acquired in rapid succession for 10
min, creating a cine of the angiography. Fluorescence intensity of the ROI and background
fluorescence were quantified and contrast-to-background-ratio (CBR) defined as (mean
fluorescence intensity of ROI - mean fluorescence intensity of background)/(mean
fluorescence intensity of background). Maximum fluorescence intensity (Imax) and
fluorescence intensity at 120 s (2 min) postinjection (I120) were defined, and the drainage
ratio was calculated as I120/Imax x 100.

NIR-AG of Ischemic Rat Bowel
A total of N = 60 rats were included in the study. Rats were chosen for the survival studies
because a large number was needed to test all clinical parameters with high statistical
accuracy. The abdomen of the anesthetized animals was shaved and swabbed with betadine.
A 0.7 cm midline laparotomy was performed using sterile technique. The small bowel was
gently retrieved from the abdominal cavity and points at 10 and 20 cm (oral side) from the
ileum end were marked with a sterile marker. In N = 50 animals, the bowel segment
between the 2 marked points was strangulated using a vascular occluder (Model VO-1.5,
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DocXS, Ukiah, CA) having a lumen size of 1.5 mm and cuff pressure of 1.0 atm. Duration
of the strangulation was 0.5 h (N = 14), 1 h (N = 12), 2 h (N = 12) and 4 h (N = 12). After
removal of the occluder, the affected bowel segment, along with a minimum of 1 cm of
unaffected bowel on both the oral and anal sides, was exposed and imaged by NIR-AG after
rapid intravenous injection of 0.15 mg/kg ICG. Data acquisition was performed as described
above for the pig experiments. N = 10 animals served as control, undergoing sham surgery
without strangulation.

After imaging, the bowel segment was returned to the abdominal cavity, which was sutured
shut. Animals were allowed to recover from anaesthesia in a separate cage, and singly
housed for 3 d. A duration of 3 d was chosen because rat tissues and organs are relatively
resistant to apoptosis and/or necrosis from ischemia and by 3 d irreversible tissue injury had
occurred. Buprenorphine hydrochloride (Hospira, Inc., Lake Forest, IL) was administered
subcutaneously at closure of the abdomen and on POD 1. On POD 3, animals were re-
anesthetized and underwent repeat NIR-AG as described above. Animals that died before
the second laparotomy failed to receive repeat NIR-AG, and an autopsy was performed
immediately after death.

CBR-Time Curve Parameters and Assessment of Clinical Outcomes
The bowel was equally subdivided into 5 sub-segments in the strangulation groups and 4
sub-segments in the control group. On the day of surgery (DOS) and on POD 3, each sub-
segment was labelled by a blinded observer as either viable or nonviable. Clinical
assessment included colour, pulsation and peristalsis. ROIs over each sub-segment were
used to measure CBR and drainage ratio, as described in detail above. Drainage ratio and
maximum fluorescence intensity in affected segments were compared to the controls. Bowel
specimens were harvested immediately after NIR-AG and immediately before sacrifice,
fixed with 3% paraformaldehyde, and processed for hematoxylin and eosin (H&E) staining.
Microscopic criteria described by Park, et al.,13 as originally developed by Chiu, et al.14 was
used for histological assessment on a scale ranging from 0 to 8 (Supplementary Table S3).

Clinical assessment, visual distribution of NIR fluorescence, presence or absence of an
arterial inflow peak in the CBR curve, and other patterns of the CBR-time curve on DOS
were evaluated for accuracy in predicting animal survival, unfavourable histological grade
and visible necrosis at POD 3. Receiver operating characteristic (ROC) curves of maximum
fluorescence intensity to control, drainage ratio, and drainage ratio to control were
generated, and the area under the curve (AUC) was obtained. The point on the ROC curve
that maximized sensitivity and specificity was assigned as the cutoff value for subsequent
analysis.

Statistical Analysis
In the rat bowel strangulation models, the Mann-Whitney test or Wilcoxon matched pairs
test was employed to determine statistical difference between the 2 groups, and the Kruskal-
Wallis one-way analysis of variance was used for multiple groups. Accuracy of each
assessment to determine the viability of ischaemic bowel was presented by Fisher’s exact
test. Analysis was performed using Prism 4 (GraphPad Software, San Diego, CA) with two-
sided 95% confidence intervals. Analyzed values were presented as mean ± SD.

RESULTS
NIR Fluorescence Angiography (NIR-AG) of Normal and Ischaemic Pig Bowel

Typical NIR-AG images seen under normal and ischaemic conditions are shown in Figure
1A. In the setting of mesenteric vascular occlusion, a major filling defect was obvious in the
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NIR fluorescence image, but changes in the colour video image were much more subtle.
Visible fluorescence intensity and time to fluorescence filling was found to be a function of
ischaemic length (data not shown). In 4 of 8 animals in the long ischaemia segment group,
the centre of the ischaemic segment had a sustained filling defect by NIR-AG.

Analysis of the CBR-time curve in normal and ischaemic bowel revealed 4 possible patterns
(Figure 2A), which permitted quantitation of certain metrics (Figure 2B). Normal, non-
ischaemic bowel had a sharp and high (≥25% of the plateau) arterial inflow peak followed
by rapid decline to a relatively steady plateau level of NIR fluorescence. Prior to vascular
occlusion, all N = 336 sub-segments showed this normal arterial pattern. The delayed
drainage pattern also had an arterial inflow peak, but rather than the signal decaying over
time, NIR fluorescence signal intensity actually increased over time. Based on prior studies,
delayed drainage was present when drainage ratio ≥85%. The capillary pattern had an absent
arterial inflow peak and a slow rise of CBR over time. The arterial insufficient pattern
corresponded to a static defect in NIR fluorescence, with no change in CBR from baseline
after ICG injection. In the 336 subsegments of bowel analyzed, the arterial, delayed
drainage, capillary, and arterial insufficient patterns present were found in 177 (52.7%), 73
(21.7%), 75 (22.3%) and 11 (3.3%), respectively. As shown in Supplementary Table S2,
capillary and arterial insufficient patterns were frequently observed in ischaemic bowel sub-
segments as a function of distance from normal bowel. Interestingly, the delayed drainage
pattern appeared in areas adjacent to those showing compromised perfusion patterns, such as
the capillary and arterial insufficient (Supplementary Table S2). In the short (2 to 3 cm)
ischemic segment group, the inflow peak was retained even at the central part of ischaemia.
The model used was convenient not only for examining the ability of NIR-AG to show the
degree of ischemia by altering patterns of CBR-time curve, but also to show how long the
capillary blood flow could perfuse the intestinal segment by itself.

NIR-AG in a Rat Bowel Strangulation Model
Shown in Figure 1B are typical imaging results from the rat small bowel strangulation
model. In the example shown, all 5 ischaemic subsegments were considered nonviable
intraoperatively by clinical assessment, and 4 of 5 subsegments (ROIs 1, 2, 4, and 5) had a
visible filling defect by NIR-AG. By POD 3, massive necrosis was seen in the colour video
image, consistent with the filling defect seen on DOS (see also Supplementary Figure S1).

The duration of strangulation had a major impact on animal survival, histological grade of
tissue damage, and the perfusion pattern seen by NIR-AG (Supplementary Figure S2). The
presence or absence of strangulation (Supplementary Figure S3) and duration of
strangulation (Supplementary Figure S4) also impacted the NIR-AG quantitative metrics
maximum fluorescence intensity to control, drainage ratio and drainage ratio to control.

Predictive Capability of Intraoperative Clinical Assessment or NIR-AG Qualitative Patterns
on Animal Survival, Histological Grade, and Tissue Necrosis at POD 3

The sensitivity, specificity and accuracy of intraoperative clinical assessment for predicting
animal survival, histological grade and tissue necrosis is detailed in Table 1. Although
sensitivity was high (93%–100%) in all cases, specificity and therefore accuracy were low
(47%–70%). Three qualitative NIR-AG patterns, however, showed improved predictive
capability. The simple presence of absence of a visual filling defect (see, for example,
Figure 1), resulted in a 77%, 85% and 92% accuracy in predicting animal survival,
histological grade, and clinical necrosis, respectively on POD 3. The absence of an arterial
inflow peak in the CBR-time curve improved accuracy to 90%, 85% and 85%, respectively.
The arterial insufficient pattern had lower average sensitivity than did absence of an arterial
inflow peak, but improved accuracy over clinical assessment, showing 88%, 79% and 76%,
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respectively. A summary of the number of subsegments found under each condition is
shown in Figure 3.

Predictive Capability of Intraoperative Quantitative CBR-Time Curve Metrics on Animal
Survival, Histological Grade and Tissue Necrosis at POD 3

Interestingly, the quantitative CBR-time curve metrics suggested that maximum
fluorescence intensity to control, drainage ratio, and drainage ratio to control (Table 2) were
inferior to all qualitative metrics and roughly equivalent to clinical assessment in terms of
accuracy to predict intraoperatively the status of animal survival, histological grade and
tissue necrosis on POD 3.

DISCUSSION
Achieving adequate tissue perfusion is of paramount importance in bowel surgery. Because
clinical decision making is currently performed using rather subjective clinical criteria, this
study focused on the use of NIR-AG, with the goal of finding one or more reproducible
metrics that could predict, intraoperatively and with high accuracy, long-term outcome with
respect to animal survival, histological grade of tissue damage, and the presence of tissue
necrosis.

Pig small bowel does not have well-developed collaterals among mesenteric vessels. The
extent of vascular occlusion is therefore directly proportional to the final length of ischaemic
bowel, providing a reliable model system. And, because the size and optical properties of
pig bowel closely resemble the human bowel, preclinical validation of the technology will
have immediate clinical relevance. Using this model system, short (2–3 cm) segments of
mesenteric ischaemia did not alter the CBR-time curve compared to non-ischaemic bowel.
Beyond 4 cm of ischaemia, however, the arterial inflow peak was lost. This is consistent
with previous findings using perforator flaps, where perfusion was found to be a function of
distance from the feeding vessel. Of note, due to the penetration depth of NIR light, NIR-
AG provided direct visualization of all vessels, even when embedded in mesentery (see, for
example, Figure 1A), similar to results provided by conventional X-ray angiography.

After defining the 4 vascular flow patterns seen under normal and ischaemic conditions in
pig, a rat small bowel strangulation model was used to compare the sensitivity, specificity,
and accuracy of various metrics for their ability to predict long-term outcome with clinical
evaluation. Not surprisingly, clinical assessment alone had relatively low specificity and
accuracy for predicting various clinical outcomes, with prediction of animal survival being
no better than a coin toss (Table 1). In contrast to previously published work on skin flaps,6
the quantitative metrics maximum fluorescence intensity to control, drainage ratio, and
drainage ratio to control were only marginally better than clinical assessment (Table 2). The
reasons for this are unclear, but suggest that when assessing bowel perfusion, newer
quantitative metrics need to be developed.

Nevertheless, 3 simple qualitative metrics were found to be highly accurate when predicting
clinical outcome on POD 3 from a single intraoperative measurement (Table 1): visual NIR
fluorescence filling defect, absence of an arterial inflow peak, and the arterial insufficient
pattern. The time required to acquire these metrics ranged from 60 ms to 120 s. Separately,
each metric provided accuracies ranging from 77% to 90%, 79% to 85% and 76% to 92%
for predicting animal survival, histological grade of tissue damage, and clinical necrosis,
respectively. Using only the presence of a NIR filling defect to predict clinical necrosis and
absence of the arterial inflow peak to predict animal survival and histological grade,
accuracies of 90%, 85% and 92%, respectively were achieved.
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Numerous techniques, including Doppler ultrasound,15 laser tissue blood flowmetry,16 near-
infrared spectroscopy,17 charged-couple device (CCD) microscopy,18 pulse oximetry,19 and
fluorescence angiography using fluorescein injection20 have been evaluated for clinical use
during bowel surgery. Although fluorescein angiography was shown to be superior to
Doppler ultrasound,21,22 this optical technique is not currently used because visible
fluorescence emission requires that all other operating room lights be off. Additionally, time
to complete an examination was relatively long and repeat examination was hindered by
fluorescein’s long half-life for elimination. The technology we describe for bowel
assessment can be translated rapidly to the clinic for testing because NIR-AG can be
performed under NIR-depleted white light using the FLARE™ imaging system, NIR light
penetration depth is several millimetres, ICG is cleared in minutes via circulation, and the
entire measurement process takes only 2 min. Indeed, there are now several NIR imaging
systems available for clinical studies (reviewed in23) as well as a major, previously reported,
trial supporting the hypothesis presented in this study. Kudszus et al.24 showed in 402
patients undergoing elective colorectal surgery that NIR-AG evaluation of tissue perfusion
at the site of anastomoses could halve the rate of most post-operative complications, and
reduce the rate of leakage from hand-sewn anastomoses by 84%.

The present study must be interpreted, however, in the context of its limitations. First,
vascular occlusion was utilized to induce ischaemia, but many clinical situations were
caused by non-occlusive processes. The predictive capability of the metrics we describe
under these conditions is unknown. Second, the metrics were not tested in the context of
anastomosis, which can cause local changes in perfusion that could alter the accuracy of the
metrics. Third, the safety margin (in cm) to ensure that anastomosed bowel segments remain
viable has yet not been defined. Lastly, we have not yet found reproducible quantitative
metrics that would remove all ambiguity about clinical decision making. Nevertheless, this
study should lay the foundation for future preclinical and clinical studies.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Experimental preclinical models of bowel ischemia and NIR fluorescence angiography
A. Pig Model: Various lengths of ischemic bowel sections (gray shading). ROIs of
subsections on the mesenteric side (Me) and anti-mesenteric side (AM) were numbered as
shown (see also Supplementary Tables S1 and S2). NIR fluorescence angiography before
(pre-clamp) and after (post-clamp) induction of ischemia (arrowheads) via mesenteric
vascular occlusion. The length of ischemia is 9 cm (long ischemic segment group). Shown
are the colour video image (left), NIR fluorescence image (centre), and a pseudo-coloured
(lime green) merged image of the two (right) at 1 min postinjection of 0.05-mg/kg ICG.
Camera exposure time (60 ms) and normalizations are identical for NIR fluorescence
images.
B. Rat Model: Typical NIR fluorescence angiography results seen under control conditions
(Control; top) and intraoperatively after 2 h of strangulation on the day of surgery (DOS;
middle row) and 3 days postoperatively (POD 3; bottom row). Shown are the colour video
image (left), NIR fluorescence image (centre), and a pseudo-coloured (lime green) merged
image of the two (right) at 40 s postinjection of 0.15-mg/kg ICG. The yellow dashed lines in
the colour video mark the extent of strangulation. Camera exposure time (60 ms) and
normalizations are identical for NIR fluorescence images. Each bowel was divided into 5
numbered sub-sections with a single ROI (circle) placed in each. An additional ROI was
placed over normal bowel as a control (C).
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Figure 2. Qualitative and quantitative metrics derived from NIR fluorescence angiography
A. Qualitative patterns of vascular filling seen during the first 3 min after ICG injection. The
arterial inflow peak seen under normal conditions is indicated.
B. Quantitative metrics were derived from the CBR at peak arterial inflow (Imax) and its
corresponding time (Tmax), and the plateau CBR seen at T = 120 s (I120) after ICG
injection. The drainage ratio (DR) is defined as I120/Imax × 100.
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Figure 3. Clinical outcomes as a function of clinical assessment, qualitative CBR-time curve
metrics, and quantitative CBR-time curve metrics
Shown are animal survival (top), histological grade (middle), and clinical necrosis on post-
operative day 3 (bottom) as a function of the metrics shown and the number of bowel sub-
segments involved. nv = nonviable, v = viable. + = feature present. - = feature absent.
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Table 1

Predictive Capability of Clinical Assessment or Qualitative CBR-Time Curve Patterns for Survival,
Histological Grade, and Tissue Necrosis on POD 3

Clinically NIR Filling Defect NIR Inflow Peak AI Pattern

Non-viable Present Absent Present

Animal Survival

 Sensitivity 100% 97% 86% 53%

 Specificity 47% 73% 90% 95%

 Accuracy 55% 77% 90% 88%

 P value* < 0.0001 < 0.0001 < 0.0001 < 0.0001

 Odds Ratio(CI 95%) 81.86 (4.984–1345) 124.4 (16.79–922.2) 62.74 (24.00–164.0) 24.31 (10.47–56.43)

Histological Grade

 Sensitivity 94% 87% 60% 35%

 Specificity 55% 85% 96% 98%

 Accuracy 67% 85% 85% 79%

 P value* < 0.0001 < 0.0001 < 0.0001 < 0.0001

 Odds Ratio (CI 95%) 20.72 (8.059–53.27) 40.42 (19.26–84.81) 37.22 (16.30–84.97) 37.05 (10.94–125.5)

Clinical Necrosis

 Sensitivity 93% 92% 60% 33%

 Specificity 58% 93% 100% 100%

 Accuracy 70% 92% 85% 76%

 P value* < 0.0001 < 0.0001 < 0.0001 < 0.0001

Odds Ratio (CI 95%) 19.16 (8.435–43.55) 156.6 (89.50–747.7) 564.8 (34.21–9323) 194.3 (11.75–3214)

*
Fisher exact test. AI Pattern = arterial insufficiency pattern; CI 95% = confidence interval of 95%.
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Table 2

Predictive Capability of Quantitative CBR-Time Parameters for Survival, Histological Grade, and Tissue
Necrosis on POD 3

Imax to Control (%) Drainage Ratio (DR) (%) DR to Control (%)

Animal Survival

 Cutoff Value 40% 72% 143%

 Area Under ROC Curve 0.7463 0.6788 0.6067

 Sensitivity 67% 67% 50%

 Specificity 72% 59% 59%

 Accuracy 71% 59% 59%

 P value* 0.0631 0.2376 0.6926

 Odds Ratio (CI 95%) 5.048 (0.9014–28.26) 2.879 (0.5162–16.06) 1.44 (0.2841–7.295)

Histological Grade

 Cutoff Value 46% 73% 146%

 Area Under ROC Curve 0.7823 0.6631 0.8409

 Sensitivity 72% 60% 69%

 Specificity 69% 63% 65%

 Accuracy 69% 62% 66%

 P value* < 0.0001 0.0145 0.0003

 Odds Ratio (CI 95%) 5.858 (2.570–13.35) 2.556 (1.223–5.343) 4.103 (1.894–8.888)

Clinical Necrosis

 Cutoff Value 46% 75% 146%

 Area Under ROC Curve 0.7956 0.7547 0.7450

 Sensitivity 73% 68% 66%

 Specificity 71% 69% 66%

 Accuracy 71% 69% 66%

 P value* < 0.0001 < 0.0001 0.0003

 Odds Ratio (CI 95%) 6.545 (3.063–13.99) 4.79 (2.315–9.914) 3.706 (1.817–7.561)

*
Fisher exact test. ROC curve = receiver operating characteristic curve; CI 95% = confidence interval of 95%.
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