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Abstract. The association of the international normalized ratio 
(INR) with the long‑term clinical outcome of patients who 
undergo endarterectomy has not yet been studied. The present 
study therefore primarily aimed to evaluate the association of 
INR on admission with the 90‑day mortality of critically ill 
patients who underwent endarterectomy during hospitalization. 
The Medical Information Mart for Intensive Care III database 
was queried for patients undergoing endarterectomy. The 
90‑day mortality of patients was selected as a primary endpoint. 
Receiver‑operating characteristic (ROC) curves were plotted to 
present the accuracy of predictions. Kaplan‑Meier curves and 
multivariate Cox regression analysis were performed to analyse 
associations. Propensity score matching (PSM) was also 
conducted to reduce confounding bias. A total of 230 patients 
were included, with 36 90‑day non‑survivors. Patients with 
a high INR (≥1.5) on admission exhibited a higher 90‑day 
mortality than those with a low INR (<1.5; 29.09 vs. 11.43%; 
P=0.003). The ROC area under the curve value was 0.687 
[95% confidence interval (CI), 0.571‑0.780]. Kaplan‑Meier 
plots identified divergence in survival between patients with 
different INR levels (log‑rank test, P=0.0013). The results of the 
multivariate Cox regression analysis indicated that a high INR 
level was significantly associated with 90‑day mortality (hazard 
ratio, 2.19; 95% CI, 1.08‑4.45; P=0.0305). Analysis of the PSM 

cohort presented similar results. In conclusion, the INR levels of 
critically ill patients who undergo endarterectomy may be used 
to stratify their risk of 90‑day mortality.

Introduction

Endarterectomy, often performed on the carotid, femoral, aortic 
and pulmonary arteries, is a surgical procedure that removes 
part of the arterial inner lining along with an adherent athero-
sclerotic plaque, which aims to recanalize the occluded vessel 
and restore vascular supply to the tissue (1,2). As one of the 
most frequently performed peripheral arterial surgeries, it has 
been demonstrated that the 30‑day post‑carotid endarterectomy 
mortality was 1.40% [95% confidence interval (CI) 1.34‑1.47] 
from 2001 to 2002 and 1.17% (CI, 1.10–1.24) from 2007 to 
2008 (3). A recent study has revealed a 3.4% 30‑day mortality 
following isolated common femoral endarterectomy  (4). 
However, the mortality rate of emergency carotid revasculariza-
tion has risen to ~10% in Germany under routine conditions (5). 
Considering the severity of patient illness in intensive care 
units, it is not uncommon for there to be a poorer outcome for 
those who undergo endarterectomy, although associated epide-
miological data are limited. As the clinical outcome prediction 
of critically ill patients may contribute to individual patient 
management (6), it is necessary to determine useful predictors 
for such patients. The international normalized ratio (INR) is 
a routine coagulation test, which has been determined to be a 
predictor of several clinical conditions, including mortality 
in patients with trauma (7,8), risk stratification for patients 
with acute ischemic stroke that are treated with warfarin (9) 
and mortality in patients with sepsis  (10). However, to the 
best of our knowledge, it remains unknown whether the INR 
on admission could serve as a reliable predictor of long‑term 
outcome for critically ill patients who undergo endarterectomy 
following admission. Therefore, the current study extracted data 
from a publicly accessible database of critical care medicine to 
investigate the prognostic predictive value of INR.

Patients and methods

Database. The Medical Information Mart for Intensive Care III 
database is a large, publicly available database consisting of 
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de‑identified data for patients that were hospitalized in the 
intensive care unit at Beth Israel Deaconess Medical Centre 
(Boston, MA, USA) between 2001 and 2012 (11). Access to 
this database was approved by the institutional review board 
of Beth Israel Deaconess Medical Centre and Massachusetts 
Institute of Technology Affiliates (Boston, MA, USA). No 
informed consent was required.

Patients. Patients with endarterectomy records during hospi-
talization were identified by International Classification of 
Diseases, Ninth Revision procedure codes (381.0‑381.6, 381.8) 
and included. Patients that were ≥18 years of age who remained in 
hospital for ≥1 day were included into the present study. Patients 
were excluded from the current study if their INR records were 
obtained >24 h following hospitalization (Fig. 1). A total of 
230 patients were included into the present study. The median 
age of the patients was 74.61 years (IQR 67.33‑81.34 years) and 
121 of the 230 cases (52.61%) were male.

Variables. Structured Query Language was applied to extract 
data from the database primarily using codes obtained from 
the Medical Information Mart for Intensive Care Code 
Repository (github.com/MIT‑LCP/mimic‑code)  (12). The 
following variables were extracted or calculated: Age, sex, 
90‑day mortality, hospital mortality, length of hospital stay, 
INR, simplified acute physiology score  II (SAPS  II)  (13), 
Elixhauser comorbidities (14), the Elixhauser Comorbidity 
Index (SID30) (15), primary diagnosis and type of endarterec-
tomy. Missing components for the calculation of SAPS II were 
treated as normal (usually 0) (12).

Outcomes. The 90‑day mortality following hospital admission 
was selected as the primary outcome prior to data extrac-
tion and analysis. Hospital mortality was considered to be 
the secondary outcome. The length of hospitalization was 
calculated only for statistical description.

Propensity score matching (PSM). Patients were categorized as 
survivors or non‑survivors according to their 90‑day survival 
status following hospital admission. The propensity score for each 
patient was calculated to estimate the probability of mortality 
in the first 90 days following hospital admission using multi-
variable logistic regression models that adjusted the following 
covariates: Age, sex, SAPS II, SID30, type of endarterectomy 
and comorbidities, which included the following: Congestive 
heart failure, cardiac arrhythmia, valvular disease, pulmonary 
circulation disorder, peripheral vascular disorder, hyperten-
sion, paralysis, other neurological diseases, chronic pulmonary 
disease, uncomplicated diabetes, complicated diabetes, hypo-
thyroidism, renal failure, liver disease, lymphoma, metastatic 
cancer, solid tumor, rheumatoid arthritis, coagulopathy, obesity, 
weight loss, fluid and electrolyte disorders, blood loss anemia, 
deficiency anemia, alcohol abuse, drug abuse, psychosis and 
depression. Matching was performed using a 1:1 matching 
protocol without replacement (greedy‑matching algorithm), 
with a caliper width equal to 0.05 of the standard deviation of 
the logit of the propensity score.

Statistical analysis. Data are presented as the median and inter-
quartile range (IQR) for continuous variables and as numbers 

and percentages for categorical variables. The comparisons 
of continuous and categorical variables were performed using 
Kruskal Wallis and Χ2 (or Fisher's exact) tests, respectively. 
Receiver operating characteristic (ROC) curves were performed 
to evaluate the prognostic predictive value of INR for 90‑day 
mortality and hospital mortality. The best cut‑off value was 
determined using Youden's Index and patients were subsequently 
grouped as high and low INR according to this cut‑off value. 
Kaplan‑Meier curves were plotted and log‑rank tests were used 
to compare survival between the two groups. Variables asso-
ciated with 90‑day mortality were evaluated using univariate 
Cox regression analysis and those with a value of P<0.1 were 
included in the multivariable Cox regression model. Age was 
not included in the multivariable regression analysis since it 
was factored into SAPS II. The multivariable Cox regression 
model was performed to evaluate the association of INR with 
90‑day mortality and the multivariable logistic regression 
model was used to evaluate the association of INR with hospital 
mortality. P<0.05 was considered to indicate a statistically 
significant difference. Empower(R) (www.empowerstats.com; 
X&Y Solutions, Inc., Boston MA) and R software (version 3.4.3; 
www.r‑project.org) were used for statistical analyses.

Results

Characteristics of the patients. The median admission INR 
was 1.30 (IQR, 1.10‑1.40) with a median SAPS II score of 36 
(IQR, 29‑43; Table I). A total of 42.61% patients underwent 

Figure 1. Flow chart of the current study. Patients who underwent endar-
terectomy during hospitalization were screened. Those with a length of 
hospitalization over 24 h with INR records available were included. INR, 
international normalized ratio; PSM, propensity score matching.
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lower limb artery endarterectomy, 31.74% underwent carotid 
endarterectomy, 22.61% underwent aorta endarterectomy and 
9.13% underwent abdominal artery endarterectomy (Table II). 
The five most common comorbidities were peripheral vascular 
disorder (53.04%), chronic pulmonary disease (31.30%), 
uncomplicated diabetes (30.43%), fluid and electrolyte disorders 

(22.61%), and renal failure (21.74%). The 90‑day mortality was 
15.65% with 36 non‑survivors and 194 survivors (Table I). The 
median length of hospital stay was 10.89 days (IQR, 6.94‑17.92). 
Primary patient diagnoses are presented in Fig. 2. The five most 
common primary diagnoses were occlusion and stenosis of 
carotid artery without cerebral infarction, aortic valve disorders, 

Table I. Characteristics of all patients.

Variable	 All patients (n=230)	 INR <1.5 (n=175)	 INR ≥1.5 (n=55)	 P‑value

Age (years)	 74.61 (67.33‑81.34)	 73.63 (66.68‑81.26)	 76.53 (68.68‑81.46)	 0.350
Male	 121 (52.61%)	 91 (52.00%)	 30 (54.55%)	 0.742
90‑day mortality	 36 (15.65%)	 20 (11.43%)	 16 (29.09%)	 0.003
Hospital mortality	 22 (9.57%)	 11 (6.29%)	 11 (20.00%)	 0.006
Median length of hospital stay (days)	 10.89 (6.94‑17.92)	 10.53 (6.57‑15.79)	 13.39 (8.44‑24.71)	 0.013
INR on admission	 1.30 (1.10‑1.40)	 1.20 (1.10‑1.30)	 2.00 (1.60‑2.50)	 <0.001
SAPS II on admission	 36 (29‑43)	 35 (29‑42)	 39 (31.5‑46.25)	 0.132
SID30	 9.00 (3.00‑19.00)	 7.00 (2.00‑15.00)	 16.00 (4.00‑24.50)	 0.002 

Data are expressed as median (interquartile range) or n (%) unless otherwise stated. Kruskal Wallis and Χ2 (or Fisher's exact) tests were used to 
analyse continuous and categorical variables, respectively. INR, international normalized ratio; SAPS II, simplified acute physiology score II; 
SID30, Elixhauser comorbidity index.

Figure 2. Primary diagnoses of the patients included in the present study. Occlusion and stenosis of the carotid artery without mention of cerebral infarction 
made up the largest proportion of diagnoses.
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coronary atherosclerosis of native coronary artery, abdominal 
aneurysm without rupture and subendocardial infarction. A 
total of 25 non‑survivors were successfully matched with one 
control. The characteristics of the PSM cohort are presented 
in Tables III and IV. Patients with a high INR on admission 
still exhibited a higher 90‑day mortality than those with a low 
INR (86.67 vs. 34.29%; P=0.001). No statistically significant 
difference was identified between survivors and non‑survivors 
in age, sex, SAPS II on admission and SID30 (data not shown).

ROC curve analysis. Area under the ROC curve values of 
admission INR for the discrimination of 90‑day survivors and 

non‑survivors were 0.687 (95% CI, 0.571‑0.780) and 0.794 
(95% CI, 0.569‑0.863) in all patients and the PSM cohort, 
respectively (Fig. 3). The best cut‑off value of INR was 1.55, 
as determined using Youden's index. Therefore, patients were 
further categorized as high INR (INR ≥1.5) and low INR 
(INR <1.5).

Clinical outcomes of patients with different INR levels on 
admission. As presented in Tables I and III, patients with a 
high INR exhibited a significantly higher 90‑day mortality 
compared with patients with a low INR. Kaplan‑Meier curves 
also demonstrated similar results (Fig.  4). Additionally, 

Table II. Types of endarterectomy and comorbidities of all patients.

Variable	 All patients (n=230) (%)	 INR <1.5 (n=175) (%)	 INR ≥1.5 (n=55) (%)	 P‑value

Endarterectomy				  
  Other vessels of head and neck	 73 (31.74)	 61 (34.86)	 12 (21.82)	 0.070
  Aorta	 52 (22.61)	 36 (20.57)	 16 (29.09)	 0.188
  Other thoracic vessels	 1 (0.43)	 1 (0.57)	 0 (0.00)	 1.000
  Abdominal arteries	 21 (9.13)	 15 (8.57)	 6 (10.91)	 0.596
  Lower limb arteries	 98 (42.61)	 75 (42.86)	 23 (41.82)	 0.892
Comorbidities				  
  Congestive heart failure	 21 (9.13)	 14 (8.00)	 7 (12.73)	 0.291
  Cardiac arrhythmias	 31 (13.48)	 20 (11.43)	 11 (20.00)	 0.116
  Valvular disease	 9 (3.91)	 6 (3.43)	 3 (5.45)	 0.450
  Pulmonary circulation disorder	 1 (0.43)	 0 (0.00)	 1 (1.82)	 0.239
  Peripheral vascular disorder	 122 (53.04)	 87 (49.71)	 35 (63.64)	 0.071
  Hypertension	 40 (17.39)	 29 (16.57)	 11 (20.00)	 0.546
  Paralysis	 6 (2.61)	 3 (1.71)	 3 (5.45)	 0.150
  Other neurological disease	 10 (4.35)	 6 (3.43)	 4 (7.27)	 0.256
  Chronic pulmonary disease	 72 (31.30)	 57 (32.57)	 15 (27.27)	 0.460
  Uncomplicated diabetes	 70 (30.43)	 54 (30.86)	 16 (29.09)	 0.804
  Complicated diabetes	 30 (13.04)	 22 (12.57)	 8 (14.55)	 0.654
  Hypothyroidism	 24 (10.43)	 21 (12.00)	 3 (5.45)	 0.211
  Renal failure	 50 (21.74)	 36 (20.57)	 14 (25.45)	 0.444
  Liver disease	 8 (3.48)	 4 (2.29)	 4 (7.27)	 0.096
  Lymphoma	 2 (0.87)	 2 (1.14)	 0 (0.00)	 1.000
  Metastatic cancer	 3 (1.30)	 2 (1.14)	 1 (1.82)	 0.561
  Solid tumor	 2 (0.87)	 2 (1.14)	 0 (0.00)	 1.000
  Rheumatoid arthritis	 7 (3.04)	 5 (2.86)	 2 (3.64)	 0.673
  Coagulopathy	 34 (14.78)	 20 (11.43)	 14 (25.45)	 0.016
  Obesity	 12 (5.22)	 11 (6.29)	 1 (1.82)	 0.302
  Weight loss	 9 (3.91)	 6 (3.43)	 3 (5.45)	 0.450
  Fluid and electrolyte disorders	 52 (22.61)	 34 (19.43)	 18 (32.73)	 0.040
  Blood loss anemia	 3 (1.30)	 1 (0.57)	 2 (3.64)	 0.143
  Deficiency anemia	 37 (16.09)	 26 (14.86)	 11 (20.00)	 0.401
  Alcohol abuse	 6 (2.61)	 6 (3.43)	 0 (0.00)	 0.340
  Drug abuse	 1 (0.43)	 1 (0.57)	 0 (0.00)	 1.000
  Psychoses	 2 (0.87)	 2 (1.14)	 0 (0.00)	 1.000
  Depression	 7 (3.04)	 4 (2.29)	 3 (5.45)	 0.362 

Data are expressed as median (interquartile range) or n (%) unless otherwise stated. Kruskal Wallis and Χ2 (or Fisher's exact) tests were used 
to analyse continuous and categorical variables, respectively. INR, International Normalized Ratio.
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patients with a high INR exhibited a higher hospital mortality 
than those with a low INR; however, there was no significant 

difference of length of hospital stay according to the PSM 
cohort analyses.

Table III. Characteristics of the PSM cohort.

Variable	 All patients (n=50)	 INR <1.5 (n=35)	 INR ≥1.5 (n=15)	 P‑value

Age (years)	 77.81 (69.94‑82.76)	 76.68 (69.31‑82.41)	 80.84 (76.61‑82.89)	 0.208
Male	 35 (70.00%)	 26 (74.29%)	 9 (60.00%)	 0.333
90‑day mortality	 25 (50.00%)	 12 (34.29%)	 13 (86.67%)	 0.001
Hospital mortality	 16 (32.00%)	 6 (17.14%)	 10 (66.67%)	 0.002
Length of hospital stay (days)	 13.04 (9.71‑24.62)	 12.90 (9.98‑23.01)	 19.89 (9.27‑29.73)	 0.619
INR on admission	 1.30 (1.20‑1.75)	 1.20 (1.10‑1.30)	 2.30 (1.80‑3.45)	 <0.001
SAPS II on admission	 41.5 (33‑55)	 42 (34‑55)	 39 (33‑48)	 0.596
SID30	 12.50 (3.25‑19.75)	 12.00 (3.00‑16.50)	 18.00 (6.50‑24.50)	 0.155

Data are expressed as median (interquartile range) or n (%) unless otherwise stated. Kruskal Wallis and Χ2 (or Fisher's exact) tests were used 
to analyse continuous and categorical variables, respectively. PSM, propensity score matching; INR, international normalized ratio; SAPS II, 
simplified acute physiology score II; SID30, Elixhauser comorbidity index.

Figure 3. ROC curves of admission INR for the prediction of patient clinical outcomes. INR on admission exhibited fair discriminatory power for 90‑day 
mortality and hospital mortality. The bootstrap ROC is used to determine a confidence interval around an estimated AUC. ROC curves, receiver operating 
characteristic curves; INR, international normalized ratio; AUC, area under the curve; PSM, propensity score matching.
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Association of INR levels on admission and clinical 
outcomes. The results of the univariate Cox regression 
analysis of all patients and the PSM cohort are presented 
in Tables V and VI, respectively. SAPS II, INR and SID30 
were significantly associated with the 90‑day mortality of 
all patients. Multivariable regression analysis (Table VII) 
indicated that a high INR was an independent risk factor 
of 90‑day mortality (hazard ratio, 2.19; 95% CI, 1.08‑4.45) 
and hospital mortality (odds ratio 2.59, 95% CI 1.01‑6.66). 
The results of the PSM cohort regression analysis are also 
presented in Table VII, which indicated a significant associa-
tion of a high INR with 90‑day mortality (hazard ratio, 4.18; 
95% CI, 1.86‑9.38) and hospital mortality (odds ratio 9.67; 
95% CI 2.41‑38.71).

Discussion

The present study examined the association of INR on hospital 
admission and clinical outcomes in critically ill patients who 
underwent endarterectomy during hospitalization. To the best 

of our knowledge, the current study is the first to focus on the 
association of INR and the outcome of patients undergoing 
endarterectomy. The results indicated that a high INR on 
admission predicted a poorer long‑term patient outcome.

A high INR has been determined to be a marker for 
bleeding risk (16). For example, an INR >4 is associated with 
an increased risk of bleeding (17) and the risk of intracranial 
haemorrhage increases ~2‑fold for every 1 unit rise in INR (18). 
Therefore, it is reasonable to assume that patients with a 
higher INR may have poorer clinical outcomes, regardless 
of the conditions that they suffer. However, Hansen et al (19) 
did not identify any clinically relevant difference in the INR 
values of patients who did or did not develop pulmonary 
embolism. Furthermore, Adike  et  al  (20) demonstrated 
that INR was not a significant factor in the prediction of 
bleeding risk in patients with cirrhosis following endoscopic 
retrograde cholangiopancreatography. Therefore, it remains 
unknown whether INR levels are associated with the outcome 
of patients undergoing endarterectomy. As aforementioned, 
critically ill patients undergoing endarterectomy exhibited a 

Table IV. Types of endarterectomy and comorbidities of the PSM cohort.

Variable	 All patients (n=50) (%)	 INR <1.5 (n=35) (%)	 INR ≥1.5 (n=15) (%)	 P‑value

Endarterectomy				  
  Other vessels of head and neck	 9 (18.00)	 8 (22.86)	 1 (6.67)	 0.247
  Aorta	 8 (16.00)	 5 (14.29)	 3 (20.00)	 0.683
  Abdominal arteries	 3 (6.00)	 1 (2.86)	 2 (13.33)	 0.211
  Lower limb arteries	 31 (62.00)	 22 (62.86)	 9 (60.00)	 1.000
Comorbidities				  
  Congestive heart failure	 3 (6.00)	 3 (8.57)	 0 (0.00)	 0.545
  Cardiac arrhythmias	 5 (10.00)	 4 (11.43)	 1 (6.67)	 1.000
  Valvular disease	 2 (4.00)	 1 (2.86)	 1 (6.67)	 0.514
  Peripheral vascular disorder	 30 (60.00)	 19 (54.29)	 11 (73.33)	 0.345
  Hypertension	 14 (28.00)	 10 (28.57)	 4 (26.67)	 1.000
  Paralysis	 1 (2.00)	 1 (2.86)	 0 (0.00)	 1.000
  Other neurological disease	 2 (4.00)	 1 (2.86)	 1 (6.67)	 0.514
  Chronic pulmonary disease	 14 (28.00)	 9 (25.71)	 5 (33.33)	 0.733
  Uncomplicated diabetes	 4 (8.00)	 1 (2.86)	 3 (20.00)	 0.075
  Complicated diabetes	 4 (8.00)	 2 (5.71)	 2 (13.33)	 0.574
  Hypothyroidism	 2 (4.00)	 1 (2.86)	 1 (6.67)	 0.514
  Renal failure	 15 (30.00)	 11 (31.43)	 4 (26.67)	 1.000
  Liver disease	 2 (4.00)	 0 (0.00)	 2 (13.33)	 0.086
  Solid tumor	 1 (2.00)	 1 (2.86)	 0 (0.00)	 1.000
  Rheumatoid arthritis	 1 (2.00)	 0 (0.00)	 1 (6.67)	 0.300
  Coagulopathy	 11 (22.00)	 6 (17.14)	 5 (33.33)	 0.269
  Obesity	 3 (6.00)	 3 (8.57)	 0 (0.00)	 0.545
  Weight loss	 3 (6.00)	 1 (2.86)	 2 (13.33)	 0.211
  Fluid and electrolyte disorders	 16 (32.00)	 9 (25.71)	 7 (46.67)	 0.191
  Deficiency anemia	 5 (10.00)	 3 (8.57)	 2 (13.33)	 0.629
  Alcohol abuse	 1 (2.00)	 1 (2.86)	 0 (0.00)	 1.000
  Depression	 1 (2.00)	 0 (0.00)	 1 (6.67)	 0.300 

Data are expressed as median (interquartile range) or n (%) unless otherwise stated. Kruskal Wallis and Χ2 (or Fisher's exact) tests were used to 
analyse continuous and categorical variables, respectively. PSM, propensity score matching; INR, international normalized ratio.
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markedly higher mortality rate (5). Therefore, it is necessary 
to determine whether the association exists in critically ill 
patients. The results of the current study indicated that the risk 
of 90‑mortality increased 1.19‑fold for critically ill patients 
undergoing endarterectomy with a high INR, compared with 
patients with a low INR, which might be helpful when deciding 
whether to perform endarterectomy on critically ill patients.

Several limitations of the present study need to be 
discussed. Although the focus of the current study was on 
critically ill patients, such individuals are difficult to define. 
The patients involved in the current study came from the 
critical care medicine database and had mostly been admitted 
to the intensive care unit during their hospitalization. The 
primary diagnosis of the study populations varied and this 
was not adjusted in the analysis due to the limited sample size. 
A further limitation is that INR fluctuations are common due 
to drug interactions, changes in dietary vitamin K intake or 

other reasons (21,22), which may affect INR levels on admis-
sion. However, this information was difficult to obtain from 
an electronic database retrospectively. Additionally, although 
a high INR usually serves as a marker for increased bleeding 
risk, numerous patients in the current study with prolonged 
INR do not bleed (data not shown) and the cause of death was 
not specified due to limited information. Therefore, despite the 
results of the present study, it remains unknown whether a high 
INR increases the risk of mortality by increasing bleeding risk.

Other limitations of the present study should be discussed. 
Although PSM was performed to minimize selection bias, and the 
analysis of all patients and the PSM cohort presented consistent 
results, there remained potential unobserved confounding 

Table V. Univariate Cox regression analysis of the 90‑day 
mortality of all patients. 

Variable	 HR	 95% CI	 P‑value

Age (years)	 1.00	 1.00‑1.01	 0.0498
Sex			 
  Male	 1.00		
  Female	 0.69	 0.35‑1.35	 0.2748
SAPS II	 1.03	 1.01‑1.05	 0.0076
INR			 
  <1.5	 1.00		
  ≥1.5	 2.81	 1.46‑5.43	 0.0021
SID30	 1.04	 1.01‑1.07	 0.0029 

HR, hazard ratio; CI, confidence interval; SAPS II, simplified acute 
physiology score II; INR, international normalized ratio; SID30, 
exlixhauser comorbidity index.

Table VI. Univariate Cox regression analysis of the 90‑day 
mortality of the PSM.

Variable	 HR	 95% CI	 P‑value

Age (years)	 1.00	 0.99‑1.01	 0.4658
Sex			 
  Male	 1.00		
  Female	 1.22	 0.53‑2.84	 0.6389
SAPS II	 0.99	 0.97‑1.02	 0.6438
INR			 
  <1.5	 1.00		
  ≥1.5	 4.18	 1.86‑9.38	 0.0005
SID30	 0.99	 0.96‑1.03	 0.7377 

PSM, propensity score matching; HR, hazard ratio; CI, confidence 
interval; SAPS II, simplified acute physiology score II; INR, interna-
tional normalized ratio; SID30, elixhauser comorbidity index.

Table VII. Associations of INR with 90‑day mortality and 
hospital mortality.

A, All patients

Subjects	 HR/OR	 95% CI	 P‑value

90‑day mortality			 
Non‑adjusted			 
  INR<1.5	 1.00		
  INR≥1.5	 2.81	 1.46‑5.43	 0.0021
Adjusted			 
  INR<1.5	 1.00		
  INR≥1.5	 2.19	 1.08‑4.45	 0.0305
Hospital mortality			 
Non‑adjusted			 
  INR<1.5	 1.00		
  INR≥1.5	 3.73	 1.52‑9.16	 0.0041
Adjusted			 
  INR<1.5	 1.00		
  INR≥1.5	 2.59	 1.01‑6.66	 0.0481

B, PSM cohort

Subjects	 HR/OR	 95% CI	 P‑value

90‑day mortality			 
Non‑adjusted			 
  INR<1.5	 1.00		
  INR≥1.5	 4.18	 1.86‑9.38	 0.0005
Hospital mortality			 
Non‑adjusted			 
  INR<1.5	 1.00		
  INR≥1.5	 9.67	 2.41‑38.71	 0.0014 

Association of INR with 90‑day mortality was analysed using Cox 
regression models and the association of INR with hospital mortality 
was analysed using logistic regression models. An adjusted model 
was used for SAPS II and Elixhauser Comorbidity Index SID30. 
INR, international normalized ratio; HR, hazard ratio; OR, odds ratio; 
CI, confidence interval; PSM, propensity score matching; SAPS II, 
simplified acute physiology score II.
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factors which were unadjusted. For example, Mlejnsky et al (23) 
identified that interleukin‑6 (IL‑6) may increase in patients 
following pulmonary endarterectomy; however, whether it was 
associated with clinical outcome remained unknown following 
the results of the current study, as IL‑6 was not available from 
the retrospective database. In addition, the sample size of 
the PSM cohort was small, resulting in a broader confidence 
interval of the effect. Given the observational nature of the 
current study, it is not possible to conclude that the association 
between admission INR and 90‑day mortality reflects cause 
and effect, so it remains unknown whether decreasing the INR 
levels of critically ill patients could reduce the risk of mortality 
following endarterectomy. The present study also included data 
from only one centre, which may limit the external applicability 
of the results.

In conclusion, an admission INR of ≥1.5 strongly predicts 
the 90‑day mortality of critically ill patients undergoing 
endarterectomy. These patients may therefore require early 
aggressive interventions and monitoring, with the aim of 
improving patient outcome. However, further study is required 
to validate this.
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