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Abstract
Background: Arterial embolism and thrombosis were esti-

mated to account for 25% of deaths globally in 2010 and are the
leading cause of mortality. As a global shift of morbidity and mor-
tality from infectious diseases to non-infectious causes, cardiovas-
cular diseases became the leading cause of death.

Objective: The goal of this study was to evaluate independent
predictors of in-hospital mortality in non-elderly adult and elderly
patients undergoing emergency admission for complicated arte-
rial embolism and thrombosis. 

Methods: Demographic and clinical data were obtained from
the National Inpatient Sample (NIS), 2005-2014, to evaluate non-
elderly adult patients (age 18-64 years) and elderly patients (65+
years) with arterial embolism and thrombosis who underwent
emergency admission. Multivariable logistic regression models
were used to identify association of predictors and in-hospital mor-
tality. 

Results: A total of 1,041 non-elderly adult patients and 1,260
elderly patients were included in the study, of which 40.1% and
49.0% were females, respectively. Their mean (SD) age was 55 (7)
years and 75 (7) years, respectively. Overall mortality was 0.9% in
the adult patients and 2.0% in the elderly patients, of which 44.4%
and 68.0% were females, respectively. Backward multivariable lo-

gistic regression analysis demonstrated risk factors of mortality in
operated patients: delayed operation and frailty index for adults,
and female sex and frailty index for elderly.

Conclusion: In operated patients, the main risk factors of
mortality were delayed operation and frailty index for adults, and
female sex and frailty index for elderly. 

Key Words: Arterial embolism and thrombosis, in-hospital
mortality, hospital length of stay.

Introduction
Thromboembolism is a term referring to large clots that dis-

lodge from the surface of atherosclerotic lesions and occlude distal
arteries causing immediate ischemia. Atrial thrombosis, the ob-
struction of blood flow due to the formation of clot, may result in
tissue anoxia and damage. Arterial embolism results when a mass
of tissue or a foreign substance travel through the vascular tree,
to eventually lodge in a distal artery where it blocks blood flow.
This obstruction results in ischemia, organ dysfunction and poten-
tial infarction. The most common manifestations are strokes and
acute lower limb ischemia. Complications of arterial embolism
and thrombosis are a chief cause of dysfunction and death in the
United States,. Global Burden of Diseases 2010 clearly documents
the major impact of arterial thrombosis on global disease burden
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because it is the pathological mechanism underlying most cases
of ischemic heart disease and ischemic stroke. Early diagnosis and
timely surgical intervention are the cornerstones of modern treat-
ment and are essential to reduce the high mortality associated with
this entity. However, surgical and intensive care patients are at an
enhanced risk for arterial embolization due to pre-existing condi-
tions such as hypertension, cardiovascular abnormalities, elec-
trolyte disorders and atherosclerotic disease. Unlike myocardial
infarction and stroke associated mortality, insufficient research has
focused on optimizing care management of patients with arterial
emboli and thrombosis to reduce morbidity and mortality. Signs
of the shifting outlook for acute pulmonary embolism care can be
seen in the expeditious promulgation of the pulmonary embolism
response team (PERT) concept  and the adoption of novel strategies
to treat acute pulmonary embolism with endovascular technolo-
gies. Risk factors for adverse outcomes following emergency sur-
gery for arterial emboli and thrombosis complications are still
debated. Some factors were repeatedly found to be the predictors
of mortality including but not limited to emergency surgery, age,
and patient health status. Nonetheless, the prognostic value of
emergency surgery status was challenged with regards to arterial
emboli and thrombosis surgical outcome. The aim of this study
was to evaluate the predictors of in-hospital mortality following
emergency admission for arterial emboli and thrombosis to help
identify ways to improve the field and achieve better patient out-
comes. 

Methods
The Healthcare Cost and Utilization Project (HCUP) was estab-

lished to provide multistate, administrative, population-based data
on patients in a uniform format. The data are designed for health
services research to enhance health care provision. The National
Inpatient Sample (NIS), a large administrative database produced
by the Agency for Healthcare Research and Quality (AHRQ), has
been progressively used as a country-wide publicly data source,
holding much potential and support the assessment of patterns
of care and outcomes for research. It allows novel approaches to
investigate disease conditions, optimal care, and patient out-
comes. The NIS is a stratified weighted sample of discharges from
US community hospitals, excluding rehabilitation and long-term
acute care facilities. The significance of the weighting is for allow-
ing to produce national estimates of hospitalizations for specific
factors, however national estimates were not the focus of this proj-
ect. This retrospective cohort study extracted data on adult and eld-
erly patients with arterial embolism and thrombosis that had
emergency admissions. 

The sample extracted from the NIS-2005-2014. The ICD-9 code
to identify patients with, was 444. ICD-9 codes for surgical proce-
dures and invasive diagnostic procedures data are presented in
Table 1. The following characteristics of patients and hospitals were
collected: age, gender, race, income quartile, health care insurance

(Medicare, Medicaid, private insurance, self-paid, and no charge),
hospital length of stay (HLOS), mortality rate, location of embolism,
total charges and the modified frailty index. 

Table 1: Procedures of emergency admitted patients with
the primary diagnosis of arterial embolism and thrombosis.

A frailty score was calculated using a 5-item modified frailty
index. Comorbid diabetes was considered if either 1) comorbidity
of diabetes uncomplicated or 2) diabetes with chronic complica-
tions was indicated. A past medical history of hypertension, con-
gestive heart failure and chronic obstructive pulmonary disease
were included if among the comorbidities. As the functional health
status was unavailable in this particular dataset, we instead esti-
mated based on the available variables. Comorbidities including
tumor, renal failure, metastatic cancer, paralysis, lymphoma, coag-
ulopathy, or weight loss, were considered partially or totally func-
tionally dependent. Both of these criteria add 1 point to each item
if the comorbidity item was present. This total is our estimated
modified frailty score. This frailty score ranged from 0 to 5, 0 being
not frail and 5 being really frail.

Statistical Analysis 
Descriptive and analytical statistical indicators were used to

present the findings. Mean, standard deviation (SD), and confi-
dence interval at 95% (CI) were calculated for numerical variables.
The comparisons were done by �2 test for categorical variables,
and by t-test for continuous variables. The data were first stratified
according to elderly vs. nonelderly adults and then, further strati-
fied by male vs. female, survived vs. deceased and operated vs.
not operated. The univariable behavior of different variables in pre-
dicting the mortality risk was evaluated by logistic regression
analysis. Multivariable logistic regression model was used to find
the final predictors of mortality in adjusted model through back-
ward stepwise regression analysis. Multivariable regression was
adjusted for the following characteristics of patients and hospitals:
age, sex, race, income quartile, health care insurance, hospital lo-
cation, modified frailty index, location of embolism, invasive diag-
nostic procedures, and time to operation. The basic residual plots
were checked to assure good compliance with model assumptions.
The p values less than 0.05 were considered significant. All analy-
ses were done by SPSS software version 26 (SPSS Inc., Chicago,
IL). 

Cardiovascular System Surgical Procedures (ICD 9)
Operations on Valves and Septa of Heart (35.00-35.99)
Operations on Vessels of Heart (36.03-36.99)
Operations on Heart and Pericardium (37.0-37.12, 37.31-37.99)
Operations on Operations of Vessels (38.00-38.18, 38.30-39.99)

Cardiovascular System Invasive Diagnostic Procedure (ICD 9)
Invasive Diagnostic Procedure on Heart and Pericardium (37.20-37.29)
Invasive Diagnostic Procedure on Incision, Excision, and Occlusion of Vessels (38.21-38.29)
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Results
Sex Differences
Non-elderly patients
The mean age of the nine patients who died during the study

period was 58 (7) years, 5 were males (55.6%) and 4 were females
(44.4%), with a similar mean age. Regardless of the gender, most
patients were white, funded by private insurance, and were ad-
mitted to urban teaching hospitals. Some of the major comorbidi-
ties were chronic pulmonary disease and peripheral vascular
disorders, among others. Men were more at risk for alcohol abuse
and peripheral vascular disorders whereas women were at a
higher risk for deficiency anemia, chronic pulmonary disease and
obesity. Women were also more likely ot have a longer HLOS. Pa-
tient characteristics are summarized in Table 2.

Elderly Patients
The mean age of the 25 patients who died during the study

period was 80 (8) years, 8 were males (32.0%) and 17 were fe-
males (68.0%), with a similar mean age. Regardless of the gender,
most patients were white, funded by Medicare, and were admitted
to urban non-teaching hospitals. Men were more likely to suffer
from alcohol abuse and uncomplicated diabetes. Women on the
other hand were more at risk for hypothyroidism and a longer
HLOS.

Mortality
Non-Elderly
0.9% of adult patients died in hospital with a similar demo-

graphics and clinical characteristics to those who survived. Coag-
ulopathy and renal failure were the only comorbidities that were
more prevalent in deceased compared to survived ones. 

Elderly
In elderly patients, 2% died in the hospital. They were four

years older than the survived patients (79.56 vs. 75.43 years old)
and their time to operation was more than double of those who
survived (0.45 vs 1.00 days). The prevalence of comorbidities of
coagulopathy, renal failure, liver diseases, weight loss and
fluid/electrolyte disorders were significantly higher in deceased
vs. survived patients (Table 3).

Operation vs. No Operation
Non-Elderly
The stratified analysis based on operation is presented in Table

4. In adult patients, most clinical and demographic characteristics
were similar. Congestive heart failure, valvular diseases and hy-
pothyroidism were significantly more common in non-operated
adults than the operated adults which may partly explain why they
were not operated on. The operated-on group also was two years
younger on average (55 vs 53 years old) and had a longer HLOS
by one day (5 vs. 4). In this patient group, all the invasive diagnos-
tic procedure were conducted on the heart and pericardium which
comprised ICD-9 codes 37.20-37.29. 99.5% of the surgical oper-

ations were on vessels (ICD-9 codes 38.00-38.18, 38.30-39.99).
Elderly
Patients were mostly white and at an urban teaching hospital.

In elderly patients the rate of comorbidities of congestive heart
failure, valvular diseases and solid tumors were significantly more
common in non-operated patients than the operated ones which
may partly explain why they were not operated. The comorbidities
most common in patients that underwent a surgery were chronic
pulmonary disease, peripheral vascular disease and hypertension
(Table 4).  In the elderly patient group, 95.2% of the invasive di-
agnostic procedures were performed on the heart and pericardium
which comprised ICD-9 codes 37.20-37.29. The surgical opera-
tions on vessels in this patient group was 98.2%.

Location of Arterial Thromboembolism 

Non-Elderly
The stratified analysis based on location of arterial embolism

and thrombosis in adult patients is presented in Table 5. More
than half of the thromboembolisms/thromboses were located in
the lower extremities, followed by abdomen, iliac arteries, upper
extremities and thoracic. Patients with a lower extremity throm-
bosis or thromboembolism were most likely to suffer from un-
complicated diabetes compared to other locations. Those with
abdominal clots had the highest likelihood of having a periph-
eral vascular disease relative to the other places. The modified
frailty index was highest for patients with a thoracic clot. The
time to surgery was the longest for upper extremity clot patients.
The highest mean HLOS was recorded among patients with ab-
dominal arterial thromboembolism followed by upper extremi-
ties, and lower extremities.

Elderly
Two-thirds of arterial thromboembolism were found in lower

extremities followed by iliac arteries, and abdomen. In those
with abdominal clots, chronic pulmonary disease, coagulopathy,
peripheral vascular disease and fluid/electrolyte disorders were
more likely. Obesity was most common in iliac clot patients. The
mean HLOS was highest in patients with abdominal arterial
thromboembolism followed by lower and upper extremities
(Table 6).

Risk Factors of Mortality
The multivariable logistic regression model for mortality was built
for the group with operation. Common variables used to adjust
the two models were age, sex, race, income, health care insurance,
hospital location, embolism/thrombosis location, invasive diag-
nostic procedure, modified frailty index and time to operation. In
operated patients, the main risk factors of mortality in the final
multivariable model were delayed operation and frailty index for
adults, and female sex and frailty index for elderly patients 
(Table 7). 
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Table 2. Characteristics of emergency admitted patients with the primary diagnosis of arterial embolism and thrombosis. 
Data was stratified according to sex categories, NIS 2004-2014.
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Table 3. Characteristics of emergency admitted patients with the primary diagnosis of arterial embolism and thrombosis. 
Data was classified according to outcome categories, NIS 2004-2014
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Table 4. Characteristics of emergency admitted patients with the primary diagnosis of arterial embolism and thrombosis. 
Data was stratified according to operation status, NIS 2004-2014.
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Table 5: Characteristics of emergency admitted adult patients by location of the primary EGS diagnosis arterial embolism and 
thrombosis, NIS 2004-2014.
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Table 6: Characteristics of emergency admitted elderly patients by location of the primary EGS diagnosis arterial embolism and 
thrombosis, NIS 2004-2014.
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Discussion
Our findings have demonstrated that in operated patients with

arterial thromboembolism, admitted emergently to the hospital,
delayed operation and frailty index for adults, and female sex and
frailty index for elderly were the main risk factors of mortality. 

Frailty index and Mortality
In support of our results, previous studies have shown that

frailty index is an important predictive variable in emergency gen-
eral surgery patients and therefore can be used to assess risk of
morbidity and mortality in these cases and serve as an invaluable
preoperative risk assessment tool for the acute care surgeon. 

Delayed Operation and Mortality
Additionally, in support of our conclusions, delayed operating

room access for emergency surgery have been shown to be asso-
ciated with increased risk of in hospital mortality and longer
length of stay. In several NIS studies, delayed operation emerged
as a risk factor for mortality in patients with chronic duodenal
ulcer, hemorrhoids or ventral hernia who emergently admitted
and underwent an operation.

Gender and Mortality
Male patients manifested a lower mortality rate compared in

comparison with female patients. This findings are consistent with
regional studies that have showed a significantly higher mortality
for women undergoing surgical revascularization for peripheral
arterial disease. Additional suggested  explanations for sex differ-
ences in outcome have included the delayed recognition of vas-
cular disease in women as a result of the presumed
atheroprotective effects of reproductive hormones and the pre-
scription of fewer antiplatelet and lipid-lowering agents to treat
atherosclerotic disease in women In terms of anatomic elements,
females have been shown to have smaller native and conduit ves-

sel sizes, both of which have been correlated with poor surgical
outcomes. Furthermore, a higher likelihood of periprocedural
bleeding and infectious complications leading to higher morbid-
ity and mortality has been demonstrated among female patients.

Age and Mortality
Previous studies have shown that the risk of ATE was increased

in patients with higher age, male sex, and hypertension. There is
an exponential increase in the risk of arterial thrombotic events
with age, and the increase in life expectancy in the second half of
the 20th century is a major contributor to increase in ATE events.
Plasma concentrations of some coagulation factors (factors V, VII,
VIII, and IX, fibrinogen) increase progressively with age and may
play a causative role in the high rate of cardiovascular events ob-
served in elderly people. During aging, an enhanced activity of
coagulation enzymes is expressed an impairment of fibrinolytic
activity, and an increase in platelet reactivity. Advanced age is char-
acterised by stiffness and dilation of the arteries, due to degener-
ation of elastic fibres and an increase in collagen and calcium
content, and by a decrease in prostacyclin and nitric oxide with a
related reduction in endothelium-dependent dilation There is also
increased binding of platelet-derived growth factor to arteries,
caused by changes in the glycosaminoglycan content of the vessel
wall, which enhances the progression of atherosclerosis and indi-
rectly contributes to atherothrombosis. The higher mortality in
older age can be explained by a higher postoperative complica-
tion risk in older adults as a result of higher rate of comorbidities.
Comorbid conditions, as expected, found to have a substantial ad-
verse effect on postoperative outcomes. Hypertension, deficiency
anemias, fluid/electrolyte disorders, uncomplicated diabetes, pe-
ripheral vascular disease and chronic pulmonary disease have
shown to be associated with increased mortality rates.

Comorbidities
Deficiencies Anemias, Surgery and Mortality

Table 7. Backward logistic regression analysis to evaluate the associations between mortality and different factors in emergency-admitted 
patients with the primary diagnosis of arterial embolism and thrombosis who had an operation. 
Mortality was the dependent variable. NIS 2004-2014.
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In multivariate analysis, use of RBC to deficiency anemia  can-
cer patients, was significantly associated with VTE, ATE, and in-hos-
pital mortality after adjusting for other covariates. Anemia is a
marker of increased risk during interventional procedure and poor
midterm survival after percutaneous coronary intervention. Pre-
operative anemia was recognized risk factors for operative mortal-
ity resulting in increased length of hospital stay, post-operative
complications and death. Anemia has been associated with my-
ocardial ischemia and cardiac morbidity, increased mortality in the
presence of significant medical or surgical conditions such as MI
, heart failure, hematologic malignancy, renal failure  vascular sur-
gery, and radical prostatectomy.

Hypertension, Surgery and Mortality
Hypertension is a major risk factor for causing coronary events,

stroke, heart failure, peripheral arterial disease, dissecting
aneurysm, chronic kidney disease, and mortality Hypertension in
the perioperative and postoperative period increases cardiovas-
cular events, cerebrovascular events, bleeding, mortality and in-
crease in HLOS.

Fluid/electrolyte disorders Surgery and Mortality
The increased morality seen in patients with fluid/electrolyte

disorders is consistent with previous studies which have high-
lighted the significant prevalence of hyponatremia and hyperna-
tremia in surgical patients. Both were significantly and
independently associated with postoperative thromboembolism,
mortality, morbidity, major bleeding and return to operation room.
The effect of hyponatremia on thromboembolic outcome was ev-
ident across all age groups, both sexes, patients with or without
steroid treatment. The preoperative hypernatremia is associated
with increased perioperative 30-day morbidity and mortality .

Diabetes, Surgery and Mortality
Patients with diabetes are at increased risk of morbidity and

mortality from CVD. Diabetes is the strongest risk factors of occlu-
sive arterial disease. Both extensive vascular pathology and an en-
hanced thrombotic environment contribute to premature vascular
occlusive events and poor clinical outcome in patients with dia-
betes. Endothelial cell dysfunction plays a role in all stages of the
atherosclerotic process from initiation of atherosclerosis to precip-
itation of thrombosis Therefore, it has been associated with in-
crease rates of surgical complications and death.

As with any retrospective cohort analysis, there is a level if in-
herent limitation to the data, hence, it is important to interpret
that data with that in mind. Due to the fact that it is a retrospective
study using an administrative dataset, there are variables that can-
not be obtained, which would help greatly to further contextualize
the results. Given that the principal goal of the study was to iden-
tify factors that influence postoperative in-hospital mortality in
emergency surgery of arterial emboli and thrombus, it would be
beneficial to add an additional element of analysis of the causes

of death among patients to satisfy the association notes by cause.
Furthermore, measuring mortality attributable to arterial emboli
and thrombus is challenging for because of the multifactorial na-
ture of death and the low rates of autopsy in most states. Without
a standard method to measure arterial emboli and thrombus -as-
sociated mortality, it is challenging to point out reliable represen-
tative and comparable estimates across demographic and
socioeconomic groups. Another such contextualizing aspect that
is missing, given the analysis of patient disposition, is an assess-
ment of functional ability prior to emergency surgery. By identify-
ing the level of care required by the patient, such as home health
or skilled nursing facility, there would be a more nuanced under-
standing of whether or not the disposition is a return to the status
quo or an escalation in care status needed by the patient. Addi-
tionally, as comorbidities were among the most influential factors
that increased mortality in both associations, it would be beneficial
to comprehend on how multiple comorbidities potentially interact
to impact postoperative recovery of revascularization, due to the
synergistic impact on physical stress.

Strengths of the Study
The Healthcare Cost and Utilization Project (HCUP) was estab-

lished to provide multistate, administrative, population-based
data on patients in a uniform format. The data are designed for
health services research to enhance health care provision. The Na-
tional Inpatient Sample (NIS), a large administrative database pro-
duced by the Agency for Healthcare Research and Quality (AHRQ),
has been progressively used publicly as a countrywide data source,
holding much potential and support for the assessment of pat-
terns of care and outcomes for research. It allows novel approaches
to investigate disease conditions, optimal care, and patient out-
comes. The analysis of the epidemiology of a large sample size of
patients with arterial thromboembolism can provide additional
insights. Previous studies assessing the prevalence of arterial
thromboembolism were confined to small populations from sin-
gle hospitals or geographic regions. The epidemiology and the
demographics of arterial thromboembolism in the total popula-
tion and its impact on hospitalization and complications, and mor-
bidity and mortality have not been examined. Our study fills part
of the gap in our expands the evidence base and helps further un-
derstanding arterial thromboembolism in adults and elderly, sep-
arately. 

Limitations of the Study
Several limitations have to be mentioned in this retrospective

analysis. In future studies, the quality of the reported data would
benefit from the severity of arterial thromboembolism associated
complications. Additionally, the retrospective design, had limita-
tions in recognizing several confounding factors such as the choice
of operative approach, the surgeon’s level of training, severity of
comorbidities, cause of death, and any further modifiable factors
that impact postoperative outcomes.
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