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Abstract

Introduction

Acute mesenteric ischemia is associated with high rates of mortality. The aim of this study
was to investigate the prognostic value of the neutrophil to lymphocyte ratio (NLR) and the
platelet to lymphocyte ratio (PLR) on 30-day outcomes in patients with acute mesenteric
ischemia.

Material and methods

Consecutive patients who were admitted for an acute mesenteric ischemia were retrospec-
tively included. The full white blood count at the time of admission to the hospital was
recorded. The population was divided into 4 subgroups according to the quartiles of the NLR
and the PLR. The 30-day outcomes including the mortality and the complications were com-
pared among the subgroups.

Results

In total, 106 patients were included. A surgical treatment including revascularization and/or
digestive resection was performed for 56 patients (52.8%). The 30-day all-cause mortality
was 72 patients (67.9%). Patients with higher PLR value (PLR >429.3) had significantly
higher rate of mortality compared to the other groups (80.8% vs 46.2%, 66.7% and 77.8%,
p = 0.03). No significant difference on 30-day outcome was observed among the subgroups
divided according to the NLR.

Conclusion

The PLR, but not the NLR, is a predictive factor of 30-day mortality in patients with acute
mesenteric ischemia.
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Introduction

Acute mesenteric ischemia is characterized by a significant decrease in mesenteric blood flow
which can cause irreversible changes in the intestinal mucosa and lead to intestinal necrosis,
peritonitis, severe sepsis and multiple organ failure [1, 2]. Early diagnosis of the disease is
essential as the duration of the ischemia appears as a major prognostic factor [1]. Although
advances in the diagnosis and the treatment have been achieved over the past few years, the
disease is still associated with high rates of mortality, ranging from 40 to 70% [3]. The identifi-
cation of diagnostic and prognostic factors may help to improve care provided to patients.
Mesenteric ischemia is associated with an acute inflammatory response and several biomarkers
have demonstrated their interest in the diagnosis of the disease including serum lactic acid
deshydrogenase, D-dimer, intestinal fatty acid-binding protein (I-FABP), c-glutathione S-
transferase (o.-GST), D-lactate or ischemia modified albumin (IMA) [4-7].

The neutrophil to lymphocyte ratio (NLR) has been identified as an inflammatory bio-
marker and its interest has been demonstrated in a wide range of pathologic states including
cardiovascular and ischemic diseases [8-13]. The platelet to lymphocyte ratio (PLR) is another
indicator of the systemic inflammatory response and several studies have pointed its interest as
a biomarker in cardiovascular diseases including coronary artery disease, peripheral arterial
occlusive disease or abdominal aortic aneurysm [14-16]. The interest of the NLR or the PLR
in the diagnosis of acute mesenteric ischemia has been demonstrated by several studies [17-
19]. However, their prognostic value has been so far scarcely investigated. The aim of this
study was to investigate the predictive value of the NLR and the PLR on the outcomes of
patients diagnosed with an acute mesenteric ischemia.

Material and methods
Population

Consecutive patients who were admitted for an acute mesenteric ischemia were retrospectively
included at the University Hospital of Nice between January 2011 and February 2019. The
study was conducted according to the World Medical Association Declaration of Helsinki and
was approved by the University Hospital of Nice review board. Written informed consent was
waived by the review board because of the retrospective nature of the study. All subjects were
anonymized when included in the study.

Inclusion criteria were patients older than 18 years-old diagnosed for an acute mesenteric
ischemia at the Emergency Department. Patients who had a history of chronic mesenteric
ischemia, infectious colitis or known hematologic disorders were excluded. Acute mesenteric
ischemia was defined as a sudden decrease in blood supply to the bowel, according to the
guidelines of the World Society of Emergency Surgery [20]. The diagnosis was made by the
radiologist and the visceral surgeon based on the association of clinical symptoms, biological
disorders and radiologic signs on CT-Scan. Clinical symptoms included the presence of intes-
tinal angina, abdominal pain, vomiting, peritonitis or abdominal guarding, severe sepsis or
septic shock, rectorrhagia or melena. Patients general characteristics were recorded including
the age, the body mass index, the presence of cardiovascular risk factors or chronic diseases.
The localization of the thrombus was assessed on injected CT-scan images by two independent
observers. The full white blood count at the time of admission to the hospital was recorded.

The full white blood count at the time of admission to the Emergency Department was
recorded. Every patient suspect for an acute mesenteric ischemia had a biological investigation
including a full white blood count at the in-hospital admission. We retrospectively collected
the results from the first blood test harvested at the admission to the Emergency Department.
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The neutrophil to lymphocyte ratio (NLR) was calculated by dividing the absolute value of
neutrophils to lymphocytes; the platelet to lymphocyte ratio by dividing the absolute value of
platelets to lymphocytes (PLR). The glomerular filtration rate was calculated according to the
Chronic Kidney Disease EPIdemiology collaboration (CKD-EPI) equation. The treatment for
the acute mesenteric ischemia was collected including the technic for revascularization
(thrombectomy, angioplasty or bypass) and the type of digestive resection when necessary
(jejunal, ileal or colic resection). Therapeutic abstention was defined as the absence of surgical
intervention to treat the acute mesenteric ischemia.

Data collection

Clinical data and procedural characteristics were collected using electronic and manuscript
medical records. The electronic record was collected using a software named Clinicom.
Patients were retrospectively searched in the software using the diagnostic code K55.0, defined
as “acute vascular disorders of the intestine” by International Classification of Diseases (ICD
10) of the World Health Organization (WHO). They were then selected according to the inclu-
sion criteria. Imaging data were recorded and extracted from the soft-wares Picture Archiving
and Communication Systems (PACS) and Aquarius iNtuition Edition version 4.4.8 (TeraRe-
con,Inc. San Mateo).

Study end points

To evaluate the potential interest of the NLR and the PLR as predictive factors of patients diag-
nosed with an acute mesenteric ischemia, the population was divided into quartiles according
to the values of the NLR and the PLR. The clinical and procedural characteristics as well as the
30-day outcomes including the mortality and the complications were compared among the
subgroups. Complications were categorized accordingly to the affected organ. Vascular com-
plications were defined as a failure of revascularization and/or an extension of the intestinal
necrosis.

Statistical analysis

Categorical data were expressed as the number of patients and percentage and continuous var-
iables were expressed as the median with interquartile range. The Chi-square test was used to
compare group differences for categorical data. A one-way analysis of variance (ANOVA) was
used for continuous variables. A two-sided P value <0.05 was considered as significant. Statis-
tical analyses were performed using GraphPad Prism software (version 7.00, La Jolla California
USA). A post hoc analysis to compute the achieved power of the study was performed using z-
tests with power (1 - B) set at 0.80 and o = 05, two-tailed, using G*Power software (version
3.1.9.4, Faul & Erdfelder).

Results

During the inclusion period, 106 patients were diagnosed with an acute mesenteric ischemia
(Table 1). The median of the age was 79 years (interquartile range: 61-88) and 47 patients
(44.3%) were men. At the in-hospital admission, the leukocyte count was 15.8 * 10A9/L (11.6-
21.9), the neutrophils 13.2 * 10A9/L (9.6-19), the lymphocytes 1 * 10A9/L (0.8-1.6). The
median NLR was 14.2 (7.5-21.2) and the PLR was 268.1 (167.9-429.3). The acute mesenteric
ischemia was caused by a thrombosis of the mesenteric superior artery for 77 patients (72.6%),
of the mesenteric inferior artery for 13 patients (12.3%), the celiac trunk in 10 patients (9.4%)
or the mesenteric vein for 4 patients (3.8%). A surgical treatment was performed for 56
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Table 1. Characteristics of patients diagnosed with an acute mesenteric ischemia.

Patients characteristics (n = 106) Data
General characteristics Age 79 (61-88)
Male sex 47 (44.3%)
Body mass index (kg/mz) 22.1(20-25.9)
Diabetes 22 (20.8%)
Arterial hypertension 63 (59.4%)
Dyslipidemia 9 (8.5%)
Smoking 31 (29.2%)
Symptoms Intestinal angina 169 (75.4%)
Pain 29 (12.9%)
Vomiting 25 (11.2%)
Peritonitis 57.4+/13.8
Shock 113 (50.4%)
Rectal hemorrhage 111 (49.6%)
Localization of the thrombosis Celiac trunk 10 (9.4%)
Mesenteric superior artery 77 (72.6%)
Mesenteric inferior artery 13 (12.3%)
Mesenteric vein 4 (3.8%)
Undetermined 13 (12.3%)
Biological parameters at in-hospital admission Red blood cells (* 10~12/L) 4.5(3.9-5)
Hemoglobin (g/dL) 13 (10-14.5)
Thrombocytes (*1079/L) 268.5 (199.3-373)
Leukocytes (*10/9/L) 15.8 (11.6-21.9)
Neutrophils (*10A9/L) 13.2 (9.6-19)
Lymphocytes (*10A9/L) 1(0.8-1.6)
NLR 14.2 (7.5-21.2)
PLR 268.1 (167.9-429.3)
eGFR (mL/mn/1.73m?) 26 (22.5-64.5)
Surgical treatment Intestinal resection 60 (56.6%)
- Jejunum resection 7 (6.6%)
- Ileum resection 26 (24.5%)
- Colon resection 27 (25.5%)
Revascularization 23 (27.7%)
- Vascular bypass 6 (5.7%)
- Endovascular repair 5 (4.7%)

- Thrombectomy

12 (11.3%)

Surgical therapeutic abstention

50 (47.2%)

Values are median (interquartile range) or n (%).
eGFR: estimated glomerular filtration rate

NLR: neutrophil to lymphocyte ratio

PLR: platelet to lymphocyte ratio

EVAR: endovascular aortic repair

https://doi.org/10.1371/journal.pone.0219763.t001

patients (52.8%). Intestinal resection of the jejunum was required for 7 patients (6.6%), of the
ileum for 26 patients (24.5%) and of the colon in 27 cases (25.5%). A revascularization was per-
formed using a thrombectomy for 12 patients 11.3%), an endovascular repair for 5 patients
(4.7%) or a bypass for 6 patients (5.7%). The all-cause 30-day mortality was 72 patients

(67.9%).
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Table 2. Outcomes of patients with digestive ischemia according to the PLR value.

Outcomes PLR<167.9 167.9<PLR<268.1 268.1<PLR<429.3 PLR>429.3 P value
(n=26) (n=27) (n=27) (n=26)
30-day mortality 12 (46.2%) 18 (66.7%) 21 (77.8%) 21 (80.8%) 0.03
Hemorrhagic complications 1(3.8%) 1(3.7%) 0 (0%) 1(3.8%) 0.82
Cardiac complications 2(7.7%) 4 (14.8%) 2 (7.4%) 1(3.8%) 0.54
Vascular complications 5(19.2%) 1(3.7%) 3(11.1%) 2(7.7%) 0.26
Neurologic complications 2(7.7%) 1(3.7%) 2 (7.4%) 2(7.7%) 0.92
Respiratory complications 4 (15.4%) 3(11.1%) 3(11.1%) 3 (11.5%) 0.96
Renal complications 4 (15.4%) 1(3.7%) 0 (0%) 1(3.8%) 0.08
Infections 4 (15.4%) 3(11.1%) 5 (18.5%) 5(19.2%) 0.85

Values are expressed as n (%).
PLR: platelet to lymphocyte ratio

https://doi.org/10.1371/journal.pone.0219763.t002

To evaluate the potential interest of the PLR in patients diagnosed with an acute mesenteric
ischemia, the population was divided into 4 subgroups according to the quartile of the PLR:
group I (PLR<167.9), group II (167.9<PLR<268.1), group III (268.1 <PLR<429.3) and group
IV (PLR>429.3). The localization of the thrombosis did not differ among the groups and was
in the superior mesenteric artery in respectively 18 patients (69.2%), 21 (77.8%), 17 (63%) and
21 (80.8%), p = 0.45 (S1 Table). The type of surgical treatment including the technique for re-
vascularization or the need of intestinal resection did not significantly vary among the groups.
However, in group IV (PLR>429.3), the proportion of surgical therapeutic abstention was sig-
nificantly higher compared to the other groups (57.7% vs 23.1%, 51.9% and 55.6%, p = 0.04).
The outcomes of patients were compared according to the PLR value at in-hospital admission
(Table 2). The 30-day mortality rate was significantly higher in group IV (PLR>429.3) com-
pared to the other groups (80.8% vs 46.2%, 66.7% and 77.8%, P = 0.03).

The potential interest of the NLR as a predictive factor was then evaluated and patients
were divided into 4 other subgroups according to the NLR value: group I (NLR<?7.5), group II
(7.5<NLR<14.2), group III (14.2<NLR<21.2) and group IV (NLR>21.2) (52 Table). No
significant difference was observed among the subgroups regarding the localization of the
thrombosis, the type of surgical treatment or the rate of surgical therapeutic abstention. The
outcome of patients did not significantly differ among the subgroups (Table 3). Even if patients

Table 3. Outcomes of patients with acute mesenteric ischemia according to the NLR value.

Outcomes

30-day mortality
Hemorrhagic complications
Cardiac complications
Vascular complications
Neurologic complications
Respiratory complications

Renal complications

NLR<7.5 7.5<NLR<14.2 14.2<NLR<21.2 NLR>21.2 P value
(n=26) (n=27) (n=27) (n=26)
14 (53.8%) 19 (70.4%) 19 (70.4%) 20 (76.9%) 0.57
0 (0%) 1(3.7%) 1(3.7%) 1(3.8%) 0.80
2 (7.7%) 3(11.1%) 3 (11.1%) 1(3.8%) 0.75
4(15.4%) 4 (14.8%) 1(3.7%) 2(7.7%) 0.43
1 (3.8%) 2 (7.4%) 2 (7.4%) 2 (7.7%) 0.94
4(15.4%) 5 (18.5%) 3(11.1%) 1(3.8%) 0.39
3 (11.5%) 0 (0%) 2 (7.4%) 1(3.8%) 0.31
4(15.4%) 6 (22.2%) 2 (7.4%) 5(19.2%) 0.48

Infections

Values are expressed as n (%).
NLR: neutrophil to lymphocyte ratio

https://doi.org/10.1371/journal.pone.0219763.t003
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from group IV tended to have higher 30-day mortality rate compared to the other groups, the
difference did not reach statistical significance (76.9% vs 53.8%, 70.4% and 70.4%, p = 0.57).

To investigate the potential impact of the initial characteristics of the patients on the results,
the prevalence of comorbidities was compared among the 4 subgroups classified according to
the PLR and the NLR values (S3 and S4 Tables). No significant difference was found regarding
the presence of diabetes, arterial hypertension, smoking, history of inflammatory diseases or
history of cancer. However, patients with PLR>429.3 were significantly older than the other
subgroups (84 vs 67, 78 and 83 years-old, P = 0.03).

At last, a post hoc analysis was performed to compute the achieved power of the study. For
the PLR, the statistical power of the study to detect a difference between group I (PLR<167.9)
and group IV (PLR>429.3) was 76%. For the NLR, the statistical power to detect a difference
between group I (NLR<7.5) and group IV (NLR>21.2) was 41%. Even though patients from
group IV tended to have a higher rate of mortality, the results did not reach statistical signifi-
cance. Power analysis revealed that a sample of 66 patients per group would be required to
detect an effect for the NLR.

Discussion

Early diagnosis and treatment of acute mesenteric ischemia are critical to limit irreversible
changes to the intestinal mucosa [21]. A better identification of patients with high risk of com-
plications may help to choose the most appropriate therapeutic approach. In this study, the
PLR at in-hospital admission, but not the NLR, was predictive of the 30-day mortality.

A high platelet count is often associated with inflammatory process as inflammatory media-
tors stimulate megakaryocytic proliferation [19]. In contrast, a decrease of lymphocytes occurs,
mainly induced by steroid exposure [22]. As a consequence, the PLR has been proposed as an
inflammatory marker and several authors have shown a positive correlation between the PLR
and C-reactive protein (CRP) concentration [14, 19]. Several studies have demonstrated the
association of the PLR with patients’ outcomes during other ischemic diseases. The PLR was
independently and positively associated with the severity of coronary atherosclerosis (r = .370,
P < .001) [14]. In addition, high-PLR values were associated with worse outcomes, increased
rates of insufficient recanalization and higher size of infarcted area in patients with acute ische-
mic stroke [23]. The interest of the PLR in acute mesenteric ischemia has been so far poorly
investigated. A first study revealed that patients with acute mesenteric ischemia had signifi-
cantly higher PLR levels than healthy control individuals [19]. A PLR value higher than 157
yielded an area under the curve of 0.604 (95% confidence interval 0.486-0.722, sensitivity 59%,
specificity 65%), suggesting the potential interest of the marker in the diagnosis of acute
mesenteric ischemia. Other studies pointed its interest as a prognostic factor. A study involv-
ing 137 patients with acute mesenteric arterial embolism or thrombosis compared those who
had a poor outcome (cases of intestinal necrosis or death) and those with a better outcome
(cases without intestinal necrosis who survived) [24]. The PLR was identified as an indepen-
dent prognostic factor (OR = 4.871, 95% confidence interval: 1.627-14.587, P = 0.005).
Another study involving 34 patients with acute mesenteric ischemia revealed that the PLR was
significantly higher in patients who died compared to those who survived (373.8 vs 288.5,

P =0.045) [25]. Even if the cohort involved was small, these results corroborate our findings.
In our study, a high PLR was associated with increased mortality. Note that we also observed a
higher proportion of surgical therapeutic abstention in the group with high PLR value. In addi-
tion, patients with high PLR value were significantly older. This is in accordance with another
study which demonstrated that the PLR increases with age [26]. Whether PLR identifies
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patients at high-risk of complications or patients who are contra-indicated for surgical proce-
dure remains to be determined.

Intriguingly, even if patients with a high NLR tended to have higher rates of mortality, the
difference did not reach statistical significance in our study. The analysis of the statistical
power revealed that further studies on larger cohorts would be required before drawing any
definitive conclusion. During inflammation, neutrophil count increases and lymphocyte
decreases, resulting in an increase of the NLR [17]. Several studies have addressed the utility of
the NLR in patients with acute mesenteric ischemia. The NLR was higher in patients with
acute mesenteric ischemia or with non-vascular bowel necrosis compared to control patients
with non-specific abdominal pain [17]. However, no difference was observed between patients
with acute mesenteric ischemia and those with non-vascular bowel necrosis. Another study
corroborated the potential diagnostic interest of the NLR, with significantly higher NLR in
patients with acute mesenteric ischemia compared to healthy control individuals [19]. NLR
value higher than 4.5 at admission yielded an area under the curve value of 0.790 (95% confi-
dence interval 0.681-0.799, sensitivity 77%, specificity 72%). In addition, the NLR could help
to identify differential diagnosis, as suggested by a significantly higher NLR value in patients
with acute mesenteric ischemia compared with patients with acute appendicitis [18]. At last,
the NLR was found to be an independent prognostic factor of patients with acute mesenteric
arterial embolism and thrombosis (OR = 6.835, 95% confidence interval: 2.282-20.469,

P =0.001) [24].

The NLR and the PLR are systemic inflammatory markers which can be affected by the
patients’ comorbidities [26-29]. We investigated the potential impact of the presence of diabe-
tes, smoking, arterial hypertension, history of chronic inflammatory diseases or cancers and
did not identify any significant difference among the subgroups.

Based on our results, several perspectives can be suggested. First, this was a retrospective
single-center study and the size of the cohort may have limited the statistical power of the anal-
ysis. The number of patients per subgroups was sufficient to detect a difference on the 30-day
mortality for the PLR. However, analysis of the statistical power for the NLR revealed that a
higher number of patients per subgroups is required to confirm the results. Second, we investi-
gated the 30-day outcomes and it would be of interest to extend this work on larger cohorts
and longer follow-up periods. At last, the mechanistic relationship between high in-hospital
PLR and 30-day mortality remain to be investigated.

Conclusion

The PLR value at the in-hospital admission is a reliable and simple predictive factor of 30-day
mortality in patients with acute mesenteric ischemia. Although further studies are required to
establish a causal link between the PLR and outcomes of patients, it could be useful as a cheap
and non-invasive prognostic biomarker in acute mesenteric ischemia.

Supporting information

S1 Table. Management of the acute mesenteric ischemia according to the PLR value. Values
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(PDF)
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