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ABSTRACT

Introduction: The neutrophil-to-lymphocyte ratio (NLR) and the platelet-to-lymphocyte ratio (PLR) are novel param-
eters that have been associated with inflammation in arterial embolism. This study aimed to evaluate NLR and PLR
for the prediction of the prognosis in arterial embolism. Methods:197 patients admitted to the hospital with acute ex-
tremity embolism who underwent embolectomy with a Fogarty balloon catheter between February 2019 to March
2022 were included in the study. Receiver Operating Characteristics (ROC) curve analysis was generated for NLR and
PLT to predict postoperative mortality and amputation. Patients were divided into two groups according to the NLR
cut-off value (Low NLR group; High NLR Group). The Delong Test Was Used To Compare The Area Under The
Curve (AUC) With Each Of These Parameters. Results: The mean age of the patients was 67.4 = 15.9 years. The male
population was 114 (57.9%). The median neutrophil/lymphocyte ratio was 5.8 (Q1: 3.3- Q3: 10.4), median platelet /
lymphocyte ratio was 193.4 (Q1: 128.7- Q3: 298.1). Hospital mortality occurred in 73 patients. ROC curve analysis
was performed with NLR to predict hospital mortality. The AUC value was 0.723 (95% CI 0.649 - 0.798, p <0.05).
The cut-off for NLR was calculated as 5.97 by predicting hospital mortality (specificity = %66, sensitivity = %70,
likelihood ratio: 2.06). Conclusion: High preoperative NLR is an independent mortality predictor for patients who
underwent surgical embolectomy. Using NLR as a prognostic indicator for patients undergoing surgical embolectomy
will be useful and cost-effective.
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INTRODUCTION the hospital with acute extremity ischemia who under-
. ) ) went embolectomy with a Fogarty balloon catheter
Embolism and thrombosis such as acute arterial occlu- between February 2019 to March 2022 were included

sion are life-threatening emergencies. Increased in-
flammation occurs due to atherosclerotic plaque rup-
ture and acute arterial embolism [1, 2]. Severe inflam-
mation is also initiated with the severity of embolism,
thrombosis, and reperfusion injury [3, 4]. Altered neu-
trophil and platelet levels may initiate with inflamma-
tion. The neutrophil-to-lymphocyte ratio (NLR) and
the platelet-to-lymphocyte ratio (PLR) are novel pa-
rameters that have been extensively researched and
associated with inflammation [5-9]. However, there
are not routinely evaluated in clinics [10]. NLR and
PLR can be easily calculated in a complete blood
count.

In this context, assessing the inflammation degree may
be a key to assuming the predictive value of the prog-
nosis in acute arterial ischemia. This study aimed to
evaluate the relationship between preoperative NLR
and PLR, and postoperative mortality and amputation

in the study. Patients with a history of major surgery in
the last month (including aortobifemoral bypass, fem-
oropopliteal bypass, cardiac or non-cardiac surgeries),
patients with sepsis, patients younger than 18 years
old, and patients with a hematological disease (except
iron- deficiency anemia) were excluded from the
study. 197 patients were enrolled and the demographic
characteristics, blood tests, and outcomes were ob-
tained from hospital The demographic characteristics
of the patients were collected retrospectively. The last
preoperative complete blood count was achieved for
laboratory data from the hospital network data. Radio-
logical data were obtained from computed tomograph-
ic angiography (CTA) or Doppler ultrasonography.
The type of anesthesia, incision type, and operation
technique was recorded. Postoperative data included
postoperative mortality and postoperative amputation.
This retrospective cohort study was conducted in ac-

in patients who underwent surgical embolectomy. cordance with the Declaration of Helsinki. The data of
the study were collected after approval no: E1-22-2732
METHODOLOGY of the local ethics committee.
Definitions:

Study Set Up and Data Collection:

The study was retrospectively all patients admitted to Diabetes mellitus was defined according to the 2019

ESC Guidelines on diabetes[11]. Renal impairment

was defined as an estimated glomerular filtration rate
<60 mL/min/1.73 m 2. Peripheral artery disease was
defined by radiology reports showing more than 50%
stenosis in the extremities or recorded ankle-brachial
index (ABI)

<0.90 before acute limb ischemia. The diagnosis of
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COPD was taken from the national disease registry
system (E-nabiz), not from spirometry tests, consider-
ing the emergency surgeries. Preoperative Covid-19
was defined as a positive PCR test within

male population was 114 (57.9%), female population
was 83 (42.1%).The median neutrophil/lymphocyte ratio
was 5.8 (Q1: 3.3- Q3: 10.4), median platelet /lymphocyte
ratio was 193.4 (Q1: 128.7- Q3: 298.1).

1 month before the operation. Postoperative mortality
was defined as death occurring before discharge from
the hospital or within 30 days postoperatively. Ampu-
tation was defined as all extremity amputations proxi-
mal to the ankle and wrist.

Surgical Preparation and Technique: Electrocardio-
gram, laboratory tests, and detailed Doppler
ultrasonography were performed in patients present-
ing with acute limb ischemia. CTA was performed in
patients without renal failure. Transthoracic echocardi-
ography (TTE) was performed in the preoperative pe-
riod in patients with atrial fibrillation detected in
ECG.TTE was performed on all other remaining pa-
tients in the postoperative period. According to Ruth-
erford's classification, IIA and IIB patients were oper-
ated on. All operations were performed under local
anesthesia. After the target artery was found, longitu-
dinal or transverse arteriotomy was performed after 1
cc systemic heparinization. Embolectomy was per-
formed with a Fogarty balloon catheter. An endarterec-
tomy was performed as needed. Arteriotomy was
closed with a primary or patch angioplasty technique.
In patients without arterial retrograde flow, bypass
graft operation was added to the procedure. Fascioto-
my was performed against compartment syndrome as
needed. The operational features were obtained from
the hospital database and the operational history.
Statistical Analysis:

Shapiro — Wilk test was used to determine the normal
distribution. Normally distributed continuous data
were presented as mean and standard deviation (SD)
and were compared by Student’s t-test. Abnormally
distributed continuous data were presented as median
with interquartile range (Q1-Q3) and were compared
by Mann- Whitney U test. Categorical data were pre-
sented as number of patients and ratio. Categorical
variables were compared by a chi-squared analysis or
Fisher’s exact test. Receiver Operating Characteristics
(ROC) curve analysis was generated for NLR and PLT
to predict postoperative mortality and amputation. The
AUC value was calculated for NLR and PLT to mor-
tality and amputation. The cut-off values for postoper-
ative mortality were calculated using the highest likeli-
hood ratio. Postoperative amputation sensitivity and
specificity were calculated using the mortality cut-off
values. Patients were divided into two groups accord-
ing to the NLR cut-off value (Low NLR group; High
NLR group). The DeLong test was used to compare
the area under the curve (AUC)  with each of
these parameters[12].Statistical tests were two-sided,
and p-values < 0.05 were considered statistically sig-
nificant. Statistical analyzes were performed using R
version 4.0.3 (R Foundation for Statistical Compu-

ting).
RESULTS

Demographic characteristics of patients: The  mean
age of the patients was 67.4 +15.9 years. The
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Anatomical distribution of acute arterial occlusions:
The upper extremity was threatened in 32 patients; the
lower extremity was threatened in 165 patients with
acute arterial occlusion. Eleven patients were admitted
to the hospital with acute ulnar or radial arterial occlu-
sion, 21 patients with acute brachial or axillary arterial
occlusion, 47 patients with acute popliteal arterial occlu-
sion, 88 patients with acute femoral arterial occlusion,
28 patients with acute iliac arterial occlusion, and two
patients with acute aortic arterial occlusion.
Postoperative mortality: Hospital mortality occurred in
73 patients. Roc curve analysis was performed with
NLR to predict hospital mortality. The AUC value was
0.723 (95% CI 0.649 - 0.798, p <0.05). The cut-off for
NLR was calculated as 5.97 by predicting hospital mor-
tality (specificity = %66, sensitivity = %70, likelihood
ratio: 2.06).

ROC curve analysis was performed with PNR to predict
hospital mortality. The AUC value was 0.657 (95% CI
0.579 - 0.736, p <0.05). The cut-

off for PNR was calculated as 217 by predicting hospital
mortality (specificity = %62, sensitivity =

%68, likelihood ratio: 1.79). NLR and PLR ROC anal-
yses to predict hospital mortality were compared with
the De- long test, no statistically significant difference
was found between the ratios to predict hospital mortali-
ty(p:0.055).
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Fig 1: shows that ROC analysis of NLR and PLR to
predict hospital mortality.

Amputation: Amputation was performed in 31 patients
within 30 days postoperatively. In-hospital mortality
occurred in 19 of 31 patients who underwent amputa-
tion. Roc curve analysis was performed with NLR to
postoperative amputation. The AUC value was 0.655
(95% CI 0.556 - 0.754, p <0.05). The cut-off for NLR
was calculated as 5.97 by predicting hospital mortality
(specificity = %65, sensitivity = %56, likelihood ratio:
1.60).

ROC curve analysis was performed with PNR to predict
postoperative. The AUC value was 0.623 (95% CI 0.519
- 0.727, p <0.05). The cut-off for PNR was calculated as
217 by predicting hospital mortality (specificity = %61,
sensitivity = %63, likelihood ratio: 1.61). NLR and PLR
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= %061, sensitivity = %63, likelihood ratio: 1.61). NLR
and PLR ROC analyses to predict postoperative ampu-
tation were compared with the De- long test, no statisti-
cally significant difference was found between the ratios
to predict hospital mortality(p:0.521).
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Figure 2 : shows that ROC analysis of NLR and PLR to
predict postoperative amputation.
Characteristics and surgical outcomes of patients with
low and high NLP:
This cohort included 105 patients with low NLR and 92
patients with high NLR (the cut-off value for NLR is
5.97). Patients in the high NLR group were older (p:
0.02). Hypertension and Covid - 19 history were more
common in patients in the high NLR group (p:0.03;0.04,
respectively). Popliteal artery occlusion was more com-
mon in the low LNR group (p:<0.01). Univariate and
multivariate analysis of hospital mortality Univariate
analysis was performed to evaluate risk factors for hos-
pital mortality. Age, female gender, atrial fibrillation,
DM, hypertension, and high NLR is statistically signifi-
cant univariate risk factors for hospital mortality. Multi-
variate analysis was performed with risk factors that
were significant in univariate analysis. Age, female gen-
der, and high NLR were found statistically significant
risk factors for hospital mortality in multivariate analy-
sis.

DISCUSSION

Rutherford IIA-IIB extremities must be revascularized
in the first 6 hours. Surgical embolectomy is the first
revascularization option for most patients [13]. Acute
arterial occlusion is associated with high amputation
and mortality rates despite all advanced treatments. De-
termining the prognosis of patients with acute extremity
ischemia remains a challenge for vascular surgeons. It
has been reported that newly developed inflammation
markers such as NLR and PLT have the ability to pre-
dict the prognosis of vascular diseases [14-16]. In this
study, we evaluated the patients’ prognosis that under-
went surgical embolectomy, using preoperative NLR
and PLR. The study found a significant relationship
between preoperative high NLR and postoperative mor-
tality and amputation in patients who underwent surgi-
cal embolectomy. Also, a similar but weaker relation-
ship was found between PLRand postoperative mortali-
ty and amputation. Our results are in line with previous
studies [6, 17, 18]. Neutrophils activate myeloperoxi-
dase and oxygen- derived free radicals [19, 20]. High
NLR and PLR in the preoperative period can cause
more severe reperfusion injury postoperatively. Some
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types of lymphocytes suppress inflammation, and low
lymphocyte counts are associated with malnutrition and
frailty[21]. Lymphopenia has been shown to be an indica-
tor of poor survival in surgeries[22]. There is no normal
accepted range or cut-off value for PLR and NLR. In the
study, we performed ROC analysis to evaluate the ability
of NLR and PLR to predict postoperative outcomes. The
ability of NLR to predict postoperative mortality was bet-
ter than its ability to predict postoperative amputation. On
the other hand, ROC analysis for NLR and PLR was com-
pared with the Delong test, there is no statistically signifi-
cant difference between the ability to predict postopera-
tive mortality and amputation.

In the study, the NLR cut-off value was higher than in
other similar studies. Tasoglu et al. found that NLR > 5.2
was an independent risk factor for postoperative amputa-
tion. Similarly, Taurino et al. found that NLR >5 was an
independent risk factor for mortality[6, 17]. Also, Coelho
et al. calculated the NLR cut-off as 5.4, with 90.5% sensi-
tivity and 73.6% specificity for 30-day death or amputa-
tion after revascularization for acute limb ischemia[18].
Postoperative mortality occurred in more than half of pa-
tients with high NLR. Also, more than one- fifth of high
NLR patients required amputation. While, pre-
operative atrial fibrillation, diabetes mellitus, and hyper-
tension were found to be significant risk factors for post-
operative mortality in univariate analysis, there were not
significant in the multivariate analysis. High preoperative
NLR, age, and female gender are independent predictors
of mortality in patients who underwent surgical embolec-
tomy.

CONCLUSION

High preoperative NLR is one of the independent predic-
tors of mortality in patients who underwent surgical em-
bolectomy. Using NLR as a prognostic indicator in pa-
tients undergoing surgical embolectomy will be useful
and cost-effective.

Limitations: Due to the nature of a retrospective study,
all data were obtained from the hospital system. There-
fore, there may be inaccessible or incorrectly evaluated
data. Only patients treated with surgical embolectomy
were included in the study. The outcomes of patients pre-
senting with ALI who did not have a chance for surgical
treatment (Rutherford classification III) were not ana-
lyzed. There are no prospective studies on the subject.

Declaration of conflicting interests: The authors declare
no conflicts of interest

Funding: The authors received no financial support for
the research and/or authorship of this article.

REFERENCES

1. Stark K, Massberg S. Interplay between inflammation
and thrombosis in cardiovascular pathology. Nat Rev
Cardiol. 2021;18(9):666—82. doi:10.1038/s41569-021-
00552-1.

2. Aksu K, Donmez A, Keser G. Inflammation-induced
thrombosis: mechanisms, disease associations and
management. Curr Pharm Des. 2012;18(11):1478-93.
doi:10.2174/138161212799504731.

3. Aratd E, Jaranyi Z, Sinay L, et al. Reperfusion injury
and inflammatory responses following acute lower

44



Serkan et al. B Prognostic Role of NLR and PLR After Embolectomy

limb revascularization surgery. Clin Hemorheol Mi-
crocirc. 2008;39(1-4):79-85.

4. Ismaeel A, Lavery R, Smith RS, et al. Effects of
limb revascularization procedures on oxidative
stress. J Surg Res. 2018;232:503-12. doi:10.1016/
7-J$s.2018.07.024.

5. Erdogan SB, Unal S, Bastopcu M, et al. Critical limb
ischemia patients clinically improving with medical
treatment have lower neutrophil-to-lymphocyte and
platelet-to-lymphocyte ratios. Vascular. 2021;29
(5):639-46. doi:10.1177/1708538120986294.

6. Tasoglu I, Sert D, Colak N, Uzun A, Songur M, Ece-
vit A. Neutrophil-lymphocyte ratio and the platelet—
lymphocyte ratio predict the limb survival in critical
limb ischemia. Clin Appl Thromb Hemost. 2014;20
(6):645-50. doi:10.1177/1076029613475474.

7. Chen W, Cao K, Xu Z, et al. Neutrophil-to-
lymphocyte ratio and platelet-to-lymphocyte ratio
predict mortality in patients with diabetic foot ulcers
undergoing amputations. Diabetes Metab Syndr
Obes. 2021;14:821-9. doi:10.2147/DMS0.S291808.

8. Pasqui E, de Donato G, Giannace G, et al. The rela-
tion between neutrophil/lymphocyte and platelet/
lymphocyte ratios with mortality and limb amputa-
tion after acute limb ischaemia. Vascular. 2022;30
(3):397-405. doi:10.1177/17085381211010012.

9. Saskin H, Oksuzoglu K, Duzyol C, Baris O,
Kogogullart UC. Are inflammatory parameters pre-
dictors of amputation in acute arterial occlusions?
Vascular. 2017;25(6):587-95.
doi:10.1177/1708538116652995.

10. Bjorck M, Earnshaw JJ, Acosta S, et al. European
Society for Vascular Surgery (ESVS) 2020 clinical
practice guidelines on the management of acute limb
ischaemia. Eur J Vasc Endovasc Surg. 2020;59
(2):173-218. doi:10.1016/j.€jvs.2019.09.006.

11. Cosentino F, Grant PJ, Aboyans V, et al. 2019 ESC
guidelines on diabetes, pre-diabetes, and cardiovas-
cular diseases developed in collaboration with the
EASD. Eur Heart J. 2020;41(2):255-323.
doi:10.1093/eurheartj/ehz486.

12.DeLong ER, DeLong DM, Clarke-Pearson DL.
Comparing the areas under two or more correlated
receiver operating characteristic curves: a nonpara-
metric approach. Biometrics. 1988;44(3):837-45.

13. Gerhard-Herman MD, Gornik HL, Barrett C, et al.
2016 AHA/ACC guideline on the management of
patients with lower extremity peripheral artery dis-
ease: executive summary. J Am Coll Cardiol.
2017;69(11):1465-508. doi:10.1016/
jJjacc.2016.11.007.

14. Erturk M, Cakmak HA, Surgit O, et al. Predictive
value of elevated neutrophil-to-lymphocyte ratio for
long-term cardiovascular mortality in peripheral
arterial occlusive disease. J Cardiol. 2014;64(5):371
—6. doi:10.1016/j.jjcc.2014.02.019.

15. Appleton ND, Bailey DM, Lewis MH. Neutrophil-to
-lymphocyte ratio predicts perioperative mortality
following open elective repair of abdominal aortic
aneurysms. Vasc Endovasc Surg. 2014;48(4):311-6.
doi:10.1177/1538574414525154.

16. Brizuela Sanz JA, Garcia-Fernandez J, Taylor JH, et

Asian J. Med. Res. Health Sci., 2023; 1 (2):42-45

al. Design of a new risk score in critical limb ischae-
mia: the ERICVA model. Eur J Vasc Endovasc Surg.
2016;51(1):90-9. doi:10.1016/j.ejvs.2015.07.044.

17. Taurino M, Aloisi F, Del Porto F, et al. Neutrophil-to-
lymphocyte ratio could predict outcome in patients
presenting with acute limb ischemia. J Clin Med.
2021;10(19):4343. doi:10.3390/jcm10194343.

18.Coelho NH, Carvalho A, Augusto R, et al. Preopera-
tive neutrophil-to-lymphocyte ratio is associated with
30-day death or amputation after revascularisation for
acute limb ischaemia. Eur J Vasc Endovasc Surg.
2021;62(1):68-75. doi:10.1016/j.€jvs.2021.03.011.

19. Kaminski KA, Bonda TA, Korecki J, Musial WJ. Oxi-
dative stress and neutrophil activation: the two key-
stones of ischemia/reperfusion injury. Int J Cardiol.
2002;86(1):41-59. doi:10.1016/S0167-5273(02)00189
-4,

20. Tiyerili V, Camara B, Becher MU, et al. Neutrophil-
derived myeloperoxidase promotes atherogenesis and
neointima formation in mice. Int J Cardiol.
2016;204:29-36. doi:10.1016/j.ijcard.2015.11.180.

21. Ammirati E, Moroni F, Magnoni M, Camici PG. The
role of T and B cells in human atherosclerosis and
atherothrombosis. Clin Exp Immunol. 2015;179
(2):173-87. doi:10.1111/cei.12477.

22.Bagger JP, Zindrou D, Taylor KM. Leukocyte count:
a risk factor for coronary artery bypass graft mortality.
Am J Med. 2003;115(6):486—9. doi:10.1016/S0002-
9343(03)00438-8.

45



