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Abstract

Background: To analyze demography, clinical signs, and survival of intensive care patients diagnosed with nonocclusive
mesenteric ischemia (NOMI) and to evaluate the effect of a local intra-arterial prostaglandin therapy. Methods: Retrospective
observational study screening 455 intensive care patients with acute arterial mesenteric perfusion disorder in a tertiary care
hospital within the past 8 years. Lastly, 32 patients with NOMI were enrolled, of which || received local intra-arterial pros-
taglandin therapy. The diagnosis of NOMI was based on the clinical presentation and established biphasic computed tomography
criteria. Clinical and biochemical data were obtained 24 hours before, at the time, and 24 hours after diagnosis. Results: Patients
were 60.5 (49.3-73) years old and had multiple comorbidities. Most of them were diagnosed with septic shock requiring high
doses of norepinephrine (NE: 0.382 [0.249-0.627] ng/kg/min). The Sequential Organ Failure Assessment (SOFA) score was |8
(16-20). A decrease in oxygenation (Pao,/Fio;), pH, and bicarbonate and an increase in international normalized ratio, lactate,
bilirubin, leucocyte count, and NE dose were early indicators of NOMI. Median SOFA score significantly increased in the last 24
hours before diagnosis of NOMI (16 vs 18, P <.0001). Overall, 28-day mortality was 75% (81% nonintervention vs 64% inter-
vention cohort; P = .579). Median SOFA scores 24 hours after intervention increased by +5% in the nonintervention group and
decreased by 5.5% in the intervention group (P = .0059). Conclusions: Our data suggest that NOMI is a detrimental disease
associated with progressive organ failure and a high mortality. Local intra-arterial prostaglandin application might hold promise as
a rescue treatment strategy. These data encourage future randomized controlled trials are desirable.
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Background

Nonocclusive mesenteric ischemia (NOMI) was first reported
by Ende in 1958 in patients with severe heart failure' and
accounts for 5% to 15% of acute mesenteric ischemia.” The
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NOMI is characterized by the absence of embolic or athero-
sclerotic thrombotic occlusion of the mesenteric arteries in
combination with functional vasoconstriction of the splanchnic
arterial vessels, leading to a progressive intestinal ischemia.’
Mortality ranges between 50% and 93%.%* Case reports and
small retrospective case series described the occurrence of
NOMI especially after cardiac surgery”'® and heart failure®'!
but also in a variety of other acute critical illnesses.''>*
Besides the clinical difficulties in diagnosing the disease,
only a small number of risk factors that predict onset or out-
come of NOMI have been identified. The typical NOMI
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candidate is an elderly patient with cardiovascular and/or
renal disease, who has an additional life-threatening event
(eg, cardiovascular surgery, sepsis, shock) and who requires
vasopressor therapy.?>~°

Compared to the well-known symptoms of an occlusive
arterial mesenteric ischemia, the symptoms of NOMI are vari-
able and unspecific.?” Abdominal pain can be absent or is not
reported due to sedation.*® Therefore, NOMI is often diagnosed
in advanced stages. However, early diagnosis would be of
utmost importance to avoid intestinal ischemia with bacterial
translocation and subsequent “intestinal-driven” multi-organ
failure (MOF) or potentially lethal complications such as bowel
necrosis and perforation.?*®

So far there is no established causal therapy for NOMI.?"-*
Case series demonstrated clinical improvement in splanchnic
blood flow through selective angiography of the superior
mesenteric artery (SMA) and local application of papaverine,
an acetyl cholinesterase inhibitor.?**° Oral administration of
phosphodiesterase inhibitors in non-intensive care patients was
also attempted.’’ Intra-arterial perfusion with the prostacyclin
iloprost was studied in patients with NOMI following cardio-
pulmonary bypass and showed positive effects.*> Mitsuyoshi
et al described in a small series of 9 patients the success of local
prostaglandin E1 administration, which resulted in splanchnic
vasodilation without systemic effects.®> All previous studies,
including the one by Mitsuyoshi et al, included almost exclu-
sively NOMI cases in patients following cardiothoracic sur-
gery. It was uncertain whether previous observations would
be transferable to medical intensive care patients. Here, we
identified 32 medical and surgical intensive care patients, mak-
ing it the largest study describing NOMI and the effect of local
prostaglandin E1 therapy in a mixed cohort.

The aim of the present study was to analyze demography,
clinical signs, and survival of a mixed cohort of intensive care
patients diagnosed with NOMI and to describe the effects of
local intra-arterial prostaglandin treatment on organ function
and outcome.

Methods
Study Population

This was a retrospective single-center observational study per-
formed in a tertiary care hospital from June 2010 to January
2018. We screened 455 intensive care patients diagnosed with
an acute mesenteric perfusion disorder based on the German
DRG-coding (no. K55.0). Included were patients on all surgical
and medical intensive care unit (ICU) environments of our
center. Specifically, the initial screening was done by the con-
trolling personnel of our center employing a search for the
specific DRG coding number for acute mesenteric perfusion
disorders. All yielded results were then carefully evaluated by a
sixth-year critical care fellow in means of a thorough and com-
plete review of the individual medical charts for accuracy of
diagnosis and presence of the adequate imaging diagnostics.
Patients with an occlusive mesenteric perfusion disorder or

mesenteric venous thrombosis were excluded. We finally
enrolled 32 patients based on clinical suspicion and with a
computed tomography (CT)-based diagnosis of NOMI, of
which 11 had received local intra-arterial prostaglandin ther-
apy. The study was performed in accordance with the ethical
standards laid down in the 1964 Declaration of Helsinki and its
later amendments.

Diagnostic Criteria for NOMI: Inclusion of Patients Into
Retrospective Analysis

Patient records were analyzed if they fulfilled the diagnostic
criteria for NOMI defined as (i) clinical suspicion, (ii) exclu-
sion of thrombotic or embolic mesenteric artery occlusion, and
(ii1) radiographic signs suggesting diagnosis of NOMI (such as
vasospasm of the SMA and its branches indicated by reduced
vessel diameter and contrast) on biphasic contrast-enhanced
CT scan®** and digital subtraction angiography (DSA; if addi-
tional angiograph was performed). Images were acquired using
a 64-row scanner (GE LightspeedVCT; GE-Healthcare, Chal-
font St. Giles, United Kingdom) or a dual-source CT (Somatom
Force, Siemens, Forchheim, Germany) with a reconstructed
slice thickness of 1 mm. The specific employed imaging pro-
tocol consisted of an arterial and venous phase of the entire
abdomen with threshold-based bolus triggering in the aorta.
The same CT imaging scanner was employed during the study
period. The original radiographic report on CT imaging was
independently reviewed by a separate experienced radiology
attending for accuracy of the initial diagnosis.

Intervention: Intra-Arterial Prostaglandin E| Application

Twenty-one patients did receive standard intensive medical
care (nontreatment group), while 11 patients additionally
received local intra-arterial prostaglandin therapy (treatment
group). Standard medical care was defined as optimal suppor-
tive therapy of sepsis and shock by means of early and aggres-
sive volume resuscitation and broad parenteral anti-infective
therapy, as repeatedly recommended in all subsequent guide-
lines of the “Surviving Sepsis campaign.”*® Additionally, all
patients with the clinical diagnosis of ileus received gastric
decompression by insertion of a nasogastric tube. The decision
to perform intra-arterial therapy was always made in an inter-
disciplinary approach, including both the intensivist and the
interventional radiologist.

In the treatment group, patients with NOMI confirmatory
computed tomography angiography (CTA) were transported to
the angiographic suite. Of the 11 patients receiving interven-
tion, 7 had the intervention performed immediately after CT
diagnosis of NOMI, while 4 of the 11 patients had intervention
at a later time point at the same day with a median time dif-
ference of 171 minutes (103-220 minutes) between diagnosis
and intervention. Vascular access was achieved through the
common femoral artery and a 4F hemostasis sheath (Avanti+,
Cordis, Miami Lakes, Florida) was placed. A diagnostic cathe-
ter (Radifocus, Glidecath Cobra2; Terumo Europe, Leuven,
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Belgium) was advanced in the SMA. Angiography was
obtained to verify the correct catheter position. A bolus of 20
ng of prostaglandin E1 (Alprostadil; UCB Pharma GmbH,
Monheim, Germany) was slowly infused in the SMA over
10 minutes. Subsequently, another angiography documented
the early treatment response. The sheath and the catheters were
fixed, labeled, and attached to a continuous infusion drip of
prostaglandin at a dose of 60 to 80 pg/24 hours depending on
the patient weight and following previous reported dosing
instructions.*’° The duration of prostaglandin infusion was
based on the individual course and continued until clinical
improvement or death. Clinical improvement was defined as
a combination of clinical observations determined by the pri-
marily treating intensivist. Criteria of clinical improvement
were hemodynamic improvement (indicated by reduction of
norepinephrine (NE) dose by at least 20% compared to base-
line), improvement of organ dysfunction (indicated by any
reduction of Sequential Organ Failure Assessment [SOFA]
score), improvement of bowel ischemia (indicated by a signif-
icant reduction of lactate concentrations), and resolution of
paralytic ileus (indicated by regular bowel movements).

Data Collection

Data were collected using electronic medical records, including
the patient data monitoring system m-life. The SOFA scores
were calculated according to the description by Vincent et al.*°
Organ failure was defined as an organ-specific SOFA score of
equal or greater than 2.

Statistical Analysis

We used GraphPad Prism 7 (La Jolla, California), IBM SPSS
Statistics (version 25.0 IBM Corp, Armonk, New York), and
STATA (version 13.0, StataCorp, College Station, Texas) for
data analysis and graph generation. Categorical variables are
shown as numbers (n) and percentages (%). Continuous vari-
ables are shown as median and 25% to 75% quartiles, unless
indicated otherwise. Variables were checked for normal distri-
bution using the D’Agostino-Pearson omnibus normality test
and the Shapiro-Wilk normality test. For comparisons, Fisher
exact test, xz test, Mann-Whitney U test, Wilcoxon matched
pairs signed rank test, and 2-sided paired ¢ test were used
accordingly. Univariate and multivariate logistic regressions
were conducted, and receivers operating characteristic (ROC)
curves were generated to determine thresholds of continuous
parameters. Afterward, these thresholds were used to compare
survival using log-rank test. All reported P values are 2 sided
unless otherwise indicated; P values <.05 were considered sta-
tistically significant.

Results
Cohort Characterization

From June 2010 to March 2018, a total of 32 patients (out of
455 with acute mesenteric ischemia) were diagnosed with

NOMI. All patients received standard medical therapy for sep-
tic shock*' combined with the placement of a gastric tube to
decompress the stomach. Of the 32patients, 11 (34%) received
local intra-arterial prostaglandin therapy in addition. A flow-
chart in accordance to the consort statement is shown in Sup-
plemental Figure 1. Prostaglandin infusion was carried out as
long as reasonable until clinical improvement for 3.4 + 3
days. Except for local hematoma at the groin puncture side
as a minor complication, <2% of the procedure was safe. In
particular, no systemic hemodynamic side effects were
observed. The 2 cohorts receiving standard medical therapy
only (no intervention) and additional local intra-arterial pros-
taglandin application (intervention) were largely comparable
in terms of demographic and clinical parameters (Table 1).
The body mass index of the intervention group was slightly
higher. Overall, 94% of all patients were diagnosed with sep-
sis and 87% with septic shock. The patients required high
doses of NE (0.382 [0.249-0.627] pg/kg/min). Sepsis usually
showed a severe clinical course indicated by high incidences
of mechanical ventilation with 96.8%, renal replacement ther-
apy 78.1%, and MOF 96.9%. Organ failure was defined as an
organ-specific SOFA score of equal to or higher than 2. The
median SOFA score was 18.'62°

Clinical and Biochemical Parameters Before, at, and After
Diagnosis of NOMI

Figure 1 shows clinically relevant parameters during the dis-
ease course (—24 hours, 0 hour, and 424 hours) in the overall
cohort. Several parameters changed during the development of
NOMI (ie, comparison —24 hours vs 0 hour), including
decreases in oxygenation index (Pao,/F10,), pH, and bicarbo-
nate as well as increases in international normalized ratio
(INR), lactate, bilirubin, leucocyte count, and NE dose. The
SOFA score increased in the last 24 hours before diagnosis
of NOMI (P < .0001, Supplemental Figure 2A). Meanwhile
other parameters, such as platelet count and transaminases
(aspartate aminotransferase and alanine aminotransferase),
were significantly altered only in the later disease course (ie,
0 hour vs +24 hours). The oxygenation index decreased early
(—24 hours: 233 [181-306] vs 0 hour: 166 [95-226], P = .0001;
Figure 1A), while at the same time NE dose increased signif-
icantly (—24 hours: 0.19 [0.089-0.315] vs 0 hour: 0.374 [0.222-
0.608] pg/kg/min, P < .0001; Figure 1B). Creatinine kinase,
C-reactive protein, and procalcitonin concentrations were not
significantly altered during disease course (data not shown).

Progressive Organ Failure

At 24 hours prior to the diagnosis of NOMI, the majority of
patients (69%) had MOF, in particular respiratory failure
(53%), coagulation disorders (22%), liver failure (44%), cardi-
ovascular failure (66%), neurological dysfunction (66%), and
renal failure (63%). At the time of NOMI diagnosis, the respec-
tive organ failure rates had increased to 84%, 47%, 75%, 94%,
93%, and 84%, respectively. The overall incidence of MOF
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Figure 1. Clinical and biochemical data obtained at various time points in relation to NOMI diagnosis. Box and whisker blots showing clinical
and biochemical routine parameters 24 hours before (—24), at the time (0), and 24 hours after diagnosis of NOMI (4-24 hours) for both
treatment and nontreatment groups. Both a decrease in oxygenation index (A), arterial pH (C), and bicarbonate concentration (D) and an
increase in lactate (E), bilirubin (F), LDH (G), leucocyte count (H), INR (I), and required norepinephrine dose (B) were an significant early
indicator of NOMI while a significant decrease in thrombocyte count (J) and transaminases (K, L) was observed later. INR indicates international

normalized ratio NOMI indicates nonocclusive mesenteric ischemia.

increased during the time course of NOMI, as indicated by the
fact that 69%, 97%, and 88% of the patients had MOF at 24
hours before (named —24 hours), at (named 0), and 24 hours
postdiagnosis of NOMI (named +24 hours). Severity of MOF
increased over time as well (Supplemental Figure 2B).

Twenty-Eight-Day Mortality and Effect of Intervention

The overall 28-day in-hospital mortality was 75%: 81% in the
nonintervention and 64% in the intervention group (risk-ratio
intervention: 0.76; 95% confidence interval: 0.28-2.02, P =
.579; Figure 2A). Organ function significantly improved in the
intervention group compared to the nonintervention group—
median delta-SOFA scores (0 hour vs +24 hours postdiagno-
sis) were +5% (0%-11%) in the nonintervention and —5.5%
(—17.5% to +1.25%) in the intervention group (P = .006;
Figure 2B). The NE dose was slightly reduced in the

intervention group (P = .194; Figure 2C). Local prostaglandin
El application was not associated with systemic side effects.

Computed Tomography Angiography Imaging
Characteristics at Diagnosis and DSA Characteristics
Before and After Intervention

Supplemental Table 1 shows CTA characteristics of all patients
at diagnosis of NOMI. These characteristics including semi-
quantitative mesenteric vessel width and vessel contrast, quan-
titative mesenteric vessel diameter at diverse locations, and
several different secondary signs of bowel ischemia have been
suggested previously>* to be of specific and sensitive value for
the diagnosis NOMI. As Supplemental Table 1 shows, 100% of
arterial and 86.6% of venous mesenteric vessel width were
described as barely definable or at least narrow. Quantitative
mesenteric vessel diameters measured at different locations
were indicated as well. Established secondary signs of bowel
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Table |. Demographic and Clinical Characteristics at Diagnosis.”

Category All, N = 32 No Intervention, n = 21 Intervention, n = || P
Age, years 60.5 (49.3-73) 61 (48-74) 60 (54-73) .85
Sex, n (%) 72
Male 17 (53.1) 12 (57.1) 7 (63.6)
Female 15 (46.9) 9 (42.9) 4 (36.4)
Weight, kg 75 (65-90) 70 (62-86.5) 85 (75-90) .04
Height, m 1.7 (1.65-1.78) 1.7 (1.65-1.74) 1.76 (1.59-1.8) 44
BMI, kg/m? 25.3 (23.7-28.8) 24.2 (23.5-27.7) 27.8 (25.4-29.4) .03
Comorbidities, n (%)
Adipositas 7 (21.9) 4 (19) 3 (27.3) .59
Hypertension 19 (59.4) 12 (57.1) 7 (63.6) 72
Diabetes 8 (25) 5(23.8) 3(27.3) .83
COPD 2 (6.3) | (4.8) 1 (9.1 .63
Heart insufficiency 16 (50) 10 (47.6) 6 (54.5) 71
CAD 12 (37.5) 7 (33.3) 5 (45.5) .5
CABG 8 (25) 5(23.8) 3(27.3) .83
PTCA 5(15.6) 2 (9.5) 3(27.3) 19
CKD 14 (43.8) 8 (38.1) 6 (54.5) .37
Chronic renal replacement therapy 1 3,1) 1 (4.8) 0 (0) 46
Immunosuppression 9 (28.1) 6 (28.6) 3(27.3) .94
Reason for admission, n (%) A7
Surgical 17 (53.1) 13 (61.9) 4 (36.4)
Medical 15 (46.9) 8 (38.1) 7 (63.6)
Sepsis present, n (%) 30 (94) 19 (90) I'1 (100) 29
Side of infection, n (%)
Pulmonary 13 (40.6) 7 (33.3) 6 (54.5) 25
Abdomen 10 (31.3) 8 (38.1) 2 (18.2) 25
Urogenital 1 (3.1 0 (0) 1 (9.1 .16
Soft tissue 3 (9.4) 2 (9.5) 1 (9.1) 97
Endocarditis I (3.1 | (4.8) 0 (0) 46
Mixed 1 (3.1) | (4.8) 0 (0) 46
Nonidentified 1 3,1) 0 (0) 1 (9.1) .16
Identified pathogen, n (%)
Gram positive 6(18.8) 4 (19) 2 (18.2) .95
Gram negative 9 (28.1) 6 (28.6) 3(27.3) .94
Fungi 2 (6.3) 0 (0) 2 (182) .04
Viral 2 (6.3) 0 (0) 2 (18.2) .04
Mixed 3 (94) 3 (14.3) 0 (0) .19
Nonidentified 8 (25) 6 (28.6) 2 (18.2) .52
GCS, n (%) .63
3 points 30 (94) 20 (95.2) 10 (90.9)
I5 points 2 (6) | (4.8) 1 (9.1
SOFA score points 18 (16-20) 18 (16-20) 18 (16-20) .56
Norepinephrine, n (%) 28 (87.5) 19 (90.5) I'1 (100) 29
Norepinephrine dose, pg/kg/min 0.382 (0.249-0.627) 0.37 (0.273-0.661) 0.489 (0.187-0.598) .64
Dobutamine, n (%) 6 (18.8) 5(23.8) 2 (18.2) 95
Dobutamine dose, pg/kg/min 3.2 (1.837-5.238) 3.491 (1.806-5.453) 3.2 (1.96-4.44) 99
Epinephrine, n (%) 8 (25) 7 (33.3) 2 (18.2) .52
Epinephrine dose, ig/kg/min 0.194 (0.096-0.472) 0.233 (0.148-0.709) 0.076 (0.042-0.109) 43
Mechanical ventilation, n (%) 31 (96.8) 20 (95.2) I'1 (100) .63
Oxygenation index (Pao,/Fio,) 165.5 (95.3-226) 188 (105.5-304.5) 150 (87-197) 21
Renal replacement therapy, n (%) 25 (78.1) 16 (76.2) 9 (81.8) .59
Organ failure, n (%)
Respiratory 27 (84.4) 16 (76.2) 11 (100) .08
Coagulation 15 (46.9) 11 (52.4) 4 (36.4) .39
Liver 24 (75) 16 (76.2) 8 (72.7) .83
Cardiovascular 30 (93.8) 19 (90.5) Il (100) 29
Neurological 30 (93.8) 20 (95.2) 10 (90.9) .63
Renal 27 (84.4) 17 (81) 10 (90.9) 46

(continued)
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Table I. (continued)

Category All, N = 32 No Intervention, n = 21 Intervention, n = | | P
Multiorgan failure, n (%)
2 0 (0) 0 (0) 0 (0)
3 3(94) 1 (4.8) 2 (18.2) 22
4 4 (12.5) 3(14.3) 1 (9.1) .67
5 15 (46.9) 11 (52.4) 4 (36.4) .39
6 9 (28.1) 5(23.8) 4 (36.4) 45

Note. Bold numbers highlight significant values.

Abbreviations: BMI, body mass index; CABG, coronary artery bypass grafting; CAD, coronary artery disease; CKD, chronic kidney disease; COPD, chronic
obstructive pulmonary disease; GCS, Glasgow Coma Scale; PTCA, percutaneous transluminal coronary angioplasty; SOFA, Sequential Organ Failure Assessment.
Description of the whole patient cohort (n = 32) and subgroups of patients, who received standard supportive medical treatment (no intervention, n = 22) as
well as additional local intra-arterial prostaglandin therapy (intervention, n = | ). Demographic and clinical characteristics at the time of biphasic computed
tomography (CT)-based diagnosis of NOMI are given. Values are presented as median (25%-75% interquartile range) or if categorical as numbers and percentages.
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Figure 2. A 28-day survival and effect of intervention on survival,
organ dysfunction, and shock. Kaplan-Meier graphs showing the 28-
day survival course in the overall cohort, patients with standard sup-
portive medical therapy only (no intervention), and additional local
intra-arterial prostaglandin therapy (intervention) showing an
observed mortality of 75%, 81%, and 64%, respectively (A). Organ
function significantly improved in the intervention group compared to
the nonintervention group with median delta-SOFA scores of 5%
and —5.5% (P = .0059), respectively (B). At the same time, vaso-
pressor requirement was slightly reduced in the intervention group,
indicated by a median delta norepinephrine (NE) requirement of
+1.9% and —19.8% for the nonintervention and intervention group,
respectively (P = .194) (C).

ischemia, such as bowel wall edema, thickening, and hypoen-
hancement, as well as bowel loop distention and mesenteric
edema, were found in 40% to 86.7% of the patients, respec-
tively. Indicators of advanced bowel ischemia with disruption
of the bowel barrier function such as pneumatosis intestinalis
and portal venous gas were observed in 13.3% and 10%,
respectively. Atherosclerotic lesions of the SMA were present
in 10% of the patients.

Moreover, we could demonstrate by DSA imaging in the
subset of patients receiving local intra-arterial prostaglandin
therapy that already the initial prostaglandin bolus was able
to reverse mesenteric vessel spasm.*? Supplemental Table 2
demonstrates that constriction of mesenteric vessels and reflux
of contrast medium into the aorta as a sign of the increased
mesenteric vascular resistance were effectively reduced by
local intra-arterial prostaglandin infusion.

Predictors of Mortality

Survivors (n = 8) and nonsurvivors (n = 24) were comparable
in most demographic and clinical parameters (Table 2). Non-
survivors showed a higher prevalence of diabetes (33% vs 0%,
P =.059) and required higher NE doses at the time of diagnosis
(0.455 [0.321-0.69] vs 0.172 [0.073-0.321] pg/kg/min, P =
.002). Nonsurvivors had at the time of diagnosis significantly
higher lactate levels (2.1 vs 8.7 mmol/L, P = .033) and lower
thrombocyte counts (90 [70-130] vs 220 [86-396.5]/nL, P =
.001) than survivors. Of the 32 patients, 13 (40.6%) underwent
emergency surgery. Of these patients, 3 (23.1%) survived, and
of the 19 patients, who did not undergo surgery, 5 (26.3%)
survived. Abdominal surgery had no significant influence on
survival as shown in Table 2. Of the 8 surviving patients, 4
(50%) were receiving additional prostaglandin therapy, while
of the 24 nonsurvivors, only 7 (29%) obtained additional inter-
vention. However, multivariate regression analysis for demo-
graphic, clinical, or biochemical parameter did not identify
predictors of 28-day mortality.

Receiver operating characteristics were analyzed for the
abovementioned parameters. The NE dose, lactate level, and
thrombocyte count at the time of diagnosis showed significant
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Table 2. Demographic, Clinical, and Biochemical Characteristics for Nonsurviving and Surviving Patients.?

Category Deceased, n = 24 Alive,n =8 P
Age, years 60 (47.8-73.5) 63.5 (51-73) 72
Sex, n (%) .84
Male 14 (58.3) 5 (62.5)
Female 10 (41.7) 3 (37.5)
BMI, kg/m? 25.2 (23.9-28.7) 25.4 (23.5-29) .78
Comorbidities, n (%)
Adipositas 6 (25) 1 (12.5) 46
Hypertension 13 (54.2) 6 (75) 3
Diabetes 8 (33.3) 0 (0) .06
COPD 2 (8.3) 0 (0) 4
Heart insufficiency Il (45.8) 5 (62.5) 41
CAD 8 (33.3) 4 (50) 4
CABG 6 (25) 2 (25) .99
PTCA 5 (20.8) 0 (0) .16
CKD 11 (45.8) 3 (37.5) .68
Chronic renal replacement therapy 1 (4.2) 0 (0) .56
Immunosuppression 7(29.2) 2 (25) .82
Reason for admission, n (%) .54
Surgical 12 (50) 5 (62.5)
Medical 12 (50) 3 (37.5)
Need for abdominal surgery/bowel resection, n (%) 10 (41.7) 3 (37.5) .84
Sepsis present, n (%) 22 (91.7) 8 (100) 4
Side of infection, n (%)
Pulmonary 10 (41.7) 3 (37.5) .84
Abdomen 8 (33.3) 2 (25) .66
Urogenital 0 (0) 1 (12.5) .08
Soft tissue 2 (8.3) I (12.5) 73
Endocarditis I (4.2) 0 (0) .56
Mixed 0 (0) I (12.5) .08
Nonidentified 1 (4.2) 0 (0) .56
Identified pathogen, n (%)
Gram positive 4 (16.7) 2 (25) .6
Gram negative 5 (20.8) 4 (50) 11
Fungi I (4.2) I (12.5) 4
Viral 2 (8.3) 0 (0) 4
Mixed 3 (12.5) 0 (0) .29
Nonidentified 7 (29.2) I (12.5) .35
SOFA score points 18 (17-20) 15 (12-18.8) .09
Norepinephrine, n (%) 23 (95.8) 7 (87.5) 4
Norepinephrine dose, Lig/kg/min 0.455 (0.321-0.69) 0.172 (0.073-0.321) .002
Oxygenation index (Pao,/Fio,) 165 (95-226) 145 (91-233) .69
Renal replacement therapy, n (%) 20 (83.3) 5 (62.5) 22
Organ failure, n (%)
Respiratory 20 (83.3) 7 (87.5) .78
Coagulation 13 (54.2) 2 (25) .15
Liver 19 (79.2) 5 (62.5) .35
Cardiovascular 22 (91.7) 8 (100) 4
Neurological 23 (95.8) 7 (87.5) 4
Renal 21 (87.5) 6 (75) 4
pH 7.26 (7.16-7.37) 7.29 (7.2-7.4) 4
Bicarbonate, mmol/L 19 (17-21) 21 (16-22) 49
Lactate, mmol/L 8.7 (5.2-14.1) 2.1 (1.3-9.3) .03
CK, IU/L 727 (240-1870) 223 (50-573) N
LDH, U/L 660 (364-2177) 663 (459-747) 9
AST, U/L 479 (112-1515) 147 (42-469) 23
ALT, U/L 159 (98-471) 123 (43-205) A4l
Bilirubin, pumol/L 65.5 (37-193.3) 35 (10-231) 32
Leucocytes, 1000/pl 18 (13.1-25.9) 15.6 (8.3-27.5) Sl

(continued)
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Table 2. (continued)

Category Deceased, n = 24 Alive,n = 8 P
CRP, mg/L 104.5 (52-256.3) 234 (106.3-279) 19
PCT, pg/L 7.1 (3.5-13.8) 16.6 (7-27.3) 23
Thrombocytes, 1000/pl 90 (70.3-130.3) 219.5 (86-396.5) .001
INR 1.59 (1.33-2.3) 1.79 (1.49-2.73) .56

Note. Bold numbers highlight significant results.

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; CABG, coronary artery bypass grafting; CAD, coronary
artery disease; CK, creatinine kinase; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; CRP, C-reactive protein; GCS, Glasgow Coma
Scale; INR, international normalized ratio; LDH, lactate dehydrogenase; PCT, procalcitonine; PTCA, percutaneous transluminal coronary angioplasty; SOFA,

Sequential Organ Failure Assessment.

?Description of patients, who died (deceased, n = 24) and those who survived (alive, n = 8). Values are presented as median (25%-75% interquartile range) or if

categorical as numbers and percentages.

areas under the ROC curve (AUC) for survival (AUC NE,
0.855, P = .003; lactate, 0.755, P = .033; thrombocytes,
0.773, P = .074; Table 3). Thereafter, theoretical cutoff values
were calculated and later used in a Kaplan-Meier model to
visualize clinical outcome in 2 groups stratified above and
below these calculated cutoff value (Table 3 and Figure 3).

Discussion

This study evaluated clinical data on risk factors, clinical signs,
and survival of 32 intensive care patients diagnosed with
NOMI based on clinical presentation and CT findings. More-
over, the effect of local continuous intra-arterial prostaglandin
application in this mixed surgical and medical ICU cohort was
assessed.

About half of the patients in the present study were non-
surgical and sepsis was present in over 90% of these patients.
Sepsis as risk factor for NOMI has not been described so far
probably since the vast majority of the earlier described
cohorts included surgical patients.>%33:3843:44 Of the 32
patients investigated, 10 (31.3%) developed NOMI following
major cardiac surgery. This is in line with previous observa-
tions that cardiac surgery is a major risk factor for the devel-
opment of NOMI. However, the majority of NOMI cases in
the present series were unrelated to cardiac surgery. With
regard to sepsis severity, we found that patients were in need
of high doses of vasopressors and had manifest MOF at the
time of NOMI diagnosis (SOFA 17.1 + 4.5). Consistently, it
has been reported recently that reduced cardiac output and a
high SOFA score were independent predictors for the emer-
gence of NOML.*

Early diagnosis of NOMI is challenging, consecutively low-
ering potential therapeutic success. In particular, clinical and
biochemical parameters to reliably diagnose NOMI are still
lacking.?® In this study, we could demonstrate by comparing
a set of parameters (1) before, (2) at, and (3) after diagnosis of
NOMI that parameters associated with organ dysfunction such
as oxygenation index, NE requirement, and SOFA score chan-
ged in the process of establishing the diagnosis, while other
parameters, mainly reflecting severe tissue injury such as crea-
tinine kinase and transaminases, changed rather late during

disease course. For the intensive care specialist, this is of no
major surprise since these former unspecific parameters have
earlier been reported to be associated with progressive multi-
organ dysfunction.*> These observations strongly suggest that
rapidly developing novel organ failure (combined with an
abdominal clinic) that is not explained by other obvious rea-
sons should raise the possibility of NOMI and guide to the early
initiation of imaging diagnostics.

The diagnosis of NOMI still relies on the combination of
initial clinical suspicion and adequate imaging including both
CTA and DSA techniques, for which characteristics of NOMI
have been proposed.>*** We could demonstrate that most of
our patient cohort did fulfill both semiquantitative and quanti-
tative characteristics of NOMI. Quantitative mesenteric vessel
diameters measured at different locations of the SMA and the
superior mesenteric vein showed mean values that are com-
parable or even lower than reported previously in patients
with NOMI*®: proximal SMA 5.5 mm (vs 5.85 mm as
reported by Kammerer et al), middle SMA 4.2 mm (vs 4.52
mm), distal SMA 1.9 mm (vs 2.56 mm), and SMV 9.7 mm (vs
9.2 mm). Mesenteric vessel spasm led to intestinal hypoper-
fusion as indicated by various indirect criteria, such as bowel
wall edema, thickening, and hypoenhancement, as well as
bowel loop distention and mesenteric edema. At the same
time, indicators of advanced bowel ischemia with perforation
requiring surgical treatment were seen only very rarely. The
existence of mesenteric vessel sclerosis in only 10% of our
patients confirms the nonocclusive character of mesenteric
ischemia in patients with NOMI. Interestingly, DSA imaging
demonstrated reversibility of vessel spasm following prosta-
glandin administration.

The 28-day mortality in our series was very high (75% in the
entire cohort), which is consistent with a recent study describ-
ing 90-day mortality rates of up to 90%.*

Previous case series describing the employment of a local
intra-arterial prostaglandin application included 3 to 9
patients.*’->® The so far largest case series of 9 patients
included almost exclusively patients who had undergone car-
diovascular surgery.* In this series, the reported mortality was
31%, that is, better than in our series (31% vs 77%). This study
with 32 patients of heterogeneous surgical and medical
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Table 3. ROC Analysis and Optimal Cutoff Values Predicting Survival in NOML.?

ROC Survival
Characteristic AUC P Cutoff  Sensitivity (%)  Specificity (%) Above Cutoff (%) Below Cutoff (%) P
Norepinephrine requirement  0.855 .003 0.353 72.7 87.5 59 53.8 .001
Lactate 0.755 .03 1.850 95.8 50 14.8 80 .0l
Thrombocytes 0.773 .07 141.5 80 86.7 66.7 87 .002

Abbreviations: NOMI, nonocclusive mesenteric ischemia; ROC, receiver operating characteristic.
*Area under the curve and corresponding P values for ROC analysis of norepinephrine requirement, lactate concentration, and thrombocyte count at baseline are
given. Optimal cutoff values for predicting 28-day survival and their sensitivities and specificities and 28-day percentage survival for cohorts above and below the

cutoff values are indicated.
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Figure 3. A 28-day survival dependent on clinical baseline parameters. Kaplan-Meier graphs showing the 28-day survival course of patient
groups below and above the optimal cutoff values for (A) lactate concentration, (B) platelet counts, and (C) norepinephrine requirement.

background adds further evidence for a possible beneficial
effect of this intervention. We observed a survival improve-
ment of 17.4% (19% vs 36.4%), which was not statistically
significant. However, any survival benefit from prostaglandin
treatment needs to be placed in the context of the general low
power of this study. Given the lack of robust clinical trials, it
remains unclear whether local prostaglandin treatment con-
fers a survival benefit in patients with NOMI. Still, organ
dysfunction as indicated by longitudinal changes in SOFA
scores improved in the intervention compared to the nonin-
tervention group. This observation suggests that local prosta-
glandin perfusion might have a beneficial role not restricted to
the intestinal system. Reperfusion of the ischemic gut might
improve the intestinal barrier, thereby positively affecting
bacterial translocation and consequently disrupting an other-
wise deadly viscous circle. This concept has been previously
coined as remote organ injury.’'">

In terms of safety, it is important to mention that we did not
see a worsening of shock during or after the intervention that
would theoretically been possible due to (1) the ischemia—
reperfusion injury and (2) a systemic effect of the prostaglan-
din. This lack of systemic vasodilatory effects is probably
attributable to a high clearance of prostaglandin E1 especially
by the lungs as described earlier.*>°

Although this is the largest study analyzing local prostaglandin
treatment in NOMI so far, it was still too small to identify inde-
pendent prognostic factors for survival employing multivariate
regression analysis. However, we observed that NE dose, lactate,
and platelet count at the time of NOMI diagnosis significantly

differed between patients who survived the next 28 days and those
who did not. It is intuitive that a higher NE dose as the main trigger
of intestinal vasoconstriction, a higher lactate as a marker of
increasing tissue hypoxemia, and a lower platelet count as a gen-
eral indicator of sequential progressive organ failure are major
indicators of higher mortality in NOMI. Based on this finding, we
performed AUC analysis to calculate optimal cutoff values to
identify patients at high risk for unfavorable outcome.

This study has important limitations—mostly, its retrospective
and nonrandomized nature and the small sample size. Further, we
used established CT morphological changes of mesenteric vessel
architecture to diagnose NOMI. However, NOMI may reflect a
microvascular pathology’ on the mucosal capillary level that
might require a more sophisticated panel of parameters to make
the correct diagnosis than solely CT morphology. For a future
randomized controlled trail, one might therefore consider addi-
tional criteria of intestinal dysfunction or a monitoring tool of
local perfusion (ie, microcirculation). The ROC data have not
been validated in an additional NOMI cohort and therefore need
to be interpreted with caution. Given the retrospective nature of
this study, the decision to initiate prostaglandin treatment was
uncontrolled and certainly influenced by patient- and doctor-
specific characteristics—we therefore cannot exclude the pres-
ence of a selection bias. In our series, surgical intervention was
associated with a poor outcome, but we cannot exclude the pos-
sibility that earlier surgery might have provided better results.
However, our data suggest that early pharmacological approaches
to improve bowel perfusion before the development of advanced
bowel ischemia may hold more promise than surgical treatment.
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Conclusions

In conclusion, NOMI is a difficult-to-diagnose disease entity
associated with progressive MOF and a high mortality not
only in multimorbid surgical patients but also in medical
intensive care patients. Several variables such as NE dose,
platelet count, and serum lactate might help to identify
patients at high risk who could benefit from early interven-
tion. Local intra-arterial prostaglandin application holds
promise as a rescue treatment to reperfuse the ischemic gut
and to ultimately improve remote multi-organ dysfunction.
A controlled randomized clinical trial is desirable.
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