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Abstract

Background: It is well-known that patients with chronic kidney disease and end-stage renal disease are at increased risk of
pulmonary embolism than patients with normal kidney function. However, the data on trends, outcomes, and predictors of
mortality in pulmonary embolism patients with chronic kidney disease and end-stage renal disease in the United States are
limited.

Methods: We queried the National Inpatient Sample database from 2010 to 2014. International Classification of Diseases-
Ninth Revision-Clinical Modification codes were used to identify patients with normal kidney function, chronic kidney disease,
and end-stage renal disease. The frequency of pulmonary embolism, complications, in-hospital mortality, and length of stay
were calculated for each cohort. Multivariable logistic regression models were constructed to determine the predictors of
mortality.

Results: In the study population (2010-2014), there were 766,176 pulmonary embolism hospitalizations with normal kidney
function, 79,824 with chronic kidney disease, and 9147 with end-stage renal disease. Among the study cohorts, the mortality
rate was 2.7% in normal kidney function, 4.5% in chronic kidney disease, and 6.8% in end-stage renal disease hospitalizations.
Median length of stay was highest in the end-stage renal disease cohort and lowest in the normal kidney function cohort.
After adjusting for confounders, pulmonary embolism patients with chronic kidney disease died |.15 times more often than
those with normal kidney function and pulmonary embolism patients with end-stage renal disease died 4.2 times more often
than those with normal kidney function.

Conclusion: The mortality rate and length of stay in pulmonary embolism patients with chronic kidney disease and end-
stage renal disease were significantly higher than those in pulmonary embolism patients with normal kidney function. Also,
pulmonary embolism patients with chronic kidney disease and end-stage renal disease were at higher risk of in-hospital
mortality than those with normal kidney function. There was statistically significant higher risk of mortality in elderly and
Black patients with pulmonary embolism and concurrent chronic kidney disease or end-stage renal disease.
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Introduction

Previous studies have shown that chronic kidney disease
(CKD) and end-stage renal disease (ESRD) patients are at an
increased risk of venous thromboembolism (VTE) and pul-
monary embolism (PE).' The probable pathways leading to
increased incidence of VTE in CKD and ESRD patients are
discussed below:*

Activation of procoagulants.

Decreased endogenous anticoagulants.
Decreased activity of fibrinolytic system.
Increased platelet activation and aggregation.

Ealb o

CKD is associated with an increased level of C-reactive
protein (CRP), p-dimer, fibrinogen, factor VII, factor VIII,
and von Willebrand factor contributing to a prothrombotic
state.*” It is believed that these elevated levels are due to
increased synthesis of procoagulants out of proportion to uri-
nary losses.* Clinical correlation between antithrombin defi-
ciency and VTE risk in nephrotic syndrome is well-known.®
We postulate that similar deficiency also puts other CKD
patients at risk of VTE. With reduced creatinine clearance,
there is an increase in plasmin—antiplasmin complex, which
in turn makes clots resistant to lysis.® It is known that
increased level of PAC-1 fibrinogen receptor and circulating
P-selectin leads to formation of platelet-leukocyte aggre-
gates leading to increased tendency toward thrombosis.’
Moreover, judicious use of low-molecular-weight heparin
(LMWH) is recommended in hospitalized patients with
CKD and ESRD because of the risk of bioaccumulation of
LMWH in patients with severe renal insufficiency.!® This
could be causing a higher propensity for clot formation in
CKD and ESRD patients.

According to a study by Tveit et al.,* the overall inci-
dence rate of PE was 149.9/100,000 dialysis patients com-
pared with 24.6/100,000 normal kidney function (NKF)
patients in the US population in 1996. Also, they noted that
chronic dialysis patients had a high risk for developing PE,
independent of comorbidity. Longitudinal Investigation of
Thromboembolism Etiology (LITE) study evaluated VTE
risk in the non-dialysis, non-transplant CKD population.'! It
found that CKD was associated with increased risk of future
VTE, with progressive increase in incidence rates per 1000
person-years with worsening CKD stage.!! Kumar et al.!
studied outcomes of PE in CKD and ESRD patients using
the National Inpatient Sample (NIS) database from the year
2007. They found that the annual frequency of PE was 527
per 100,000; 204 per 100,000; and 66 per 100,000 persons
with ESRD, CKD, and NKF, respectively, in year 2007.
Also, in-hospital mortality was significantly higher for
patients with ESRD and CKD in comparison with NKF.
However, multi-year data on PE incidence in CKD and
ESRD patients from a nationally representative sample are
lacking in the United States. Thus, we conducted this study.!

Methods

Data source

Ours is a retrospective observational cohort study. We
obtained data from the 2010 to 2014 NIS database files. The
NIS files are published on a yearly basis by the Agency for
Healthcare Research and Quality (AHRQ) under the
Healthcare Cost and Utilization Project (HCUP).!? In the
United States, it is the largest publicly available all-payer
inpatient database and contains approximately 20% sample
of the discharges from the community hospitals in the United
States.!>!3 HCUP'* provides discharge weights for each
record, which are utilized to obtain national estimates.

Study population

We did not use any calculation for obtaining a particular
sample size for our study. The sample size for each year’s
NIS data set is predetermined by HCUP.!? Figure 1 depicts
the sequential derivation of our study population. We used
International Classification of Diseases-Ninth Revision-
Clinical Modification (ICD-9-CM) codes 415.11 and 415.19
to identify hospitalizations with a primary discharge diagno-
sis of PE. We excluded hospitalizations with age less than
18years. We also excluded patients with renal transplant
(ICD-9-CM codes: V42.0 and 996.81) from our study cohort.
We then used ICD-9-CM codes to classify each patient as
having CKD, ESRD, or NKF. We identified CKD patients
using codes 585.1-585.5 and 585.9. This estimated glomeru-
lar filtration rate (eGFR)-based staging of CKD diagnosis is
according to 2002 guidelines established by the National
Kidney Foundation."” Kidney Disease Outcomes Quality
Initiative (KDOQI). We identified patients as having ESRD
if they had diagnosis code for CKD requiring long-term
hemodialysis (585.6) or the procedure codes for hemodialy-
sis (39.95) or peritoneal dialysis (54.98). We excluded per-
sons undergoing dialysis for acute kidney injury (AKI)
(codes 584.5-584.9). Patients without CKD or ESRD were
assigned to the no NKF group. This methodology has been
previously used to correctly identify patients with CKD or
ESRD from the NIS database."!*!” ICD-9-CM codes for
chronic renal insufficiency have a sensitivity of 81.9%, spec-
ificity of 98.6%, positive predictive value (PPV) of 71.2%,
and negative predictive value (NPV) of 99.2% when used for
administrative databases.'®!®

Patient and hospital characteristics

Baseline patient-level characteristics were demographics
(age, sex, and race) and relevant comorbidities (cancer,
chronic obstructive pulmonary disease (COPD), cirrhosis,
congestive heart failure, coronary artery disease, diabetes
mellitus, hypercoagulable state, hypertension, morbid obe-
sity, and smoking). We have included a list of ICD-9-CM,
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Figure |. Study population.

Clinical Classification Software (CCS) codes, and proce-
dural codes used to identify the disease cohorts and comor-
bidities in Supplement 1.

Statistical analysis

Baseline patient-level characteristics of patients with CKD
or ESRD were compared to those with NKF using the chi-
square test for categorical variables and Student’s t test for
continuous variables. After adjusting for confounding fac-
tors, multivariable logistic regression models were compiled
to determine the predictors of mortality among the three
cohorts, using the NKF group as the reference. Categorical
variables were denoted in terms of frequency/percentage and
continuous variables were denoted in terms of mean = SD or
median (interquartile range). Odds ratios (ORs) and 95%
confidence intervals (Cls) were used to report the findings of
regression models. P value less than 0.05 was considered
statistically significant. We utilized SAS 9.3 (SAS Institute,

Cary, NC, USA) for the analysis. Given that NIS is a pub-
licly available limited data set, this study was exempt from a
review by an institutional review board (IRB)."”

Endpoints

Primary outcomes were frequency of PE, length of stay
(LOS), all-cause in-hospital mortality, disposition status in
patients surviving the hospitalization, and complications
(respiratory failure requiring mechanical ventilation and
cardiac arrest). Secondary outcomes were predictors of
mortality.

Results

Patient and hospital characteristics

Out of 859,335 adult hospitalizations with PE, 766,176 had
NKF (89.1%), 79,824 had CKD (9.3%), and 9147 had ESRD
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Table |. Baseline characteristics of PE hospitalizations with NKF, CKD, or ESRD.

P value
NKF CKD ESRD NKF versus CKD  NKF versus ESRD
Pulmonary embolism (n) 766,176 79,824 9147
Age (years), mean * SD 61.1 172 732%129 592%170
Age (years) n % n % n % <0.0001 <0.0001
1844 141,347 185 2469 3.1 1942 21.2
45-54 124,003 16.2 4738 5.9 1539 16.8
55-64 151,588 19.8 11,163 14.0 1780 19.5
65-74 157,392 20.5 19,286 242 2027 222
=75 191,846 25.0 42,167 528 1859 20.3
Sex n % n % n % <0.0001 0.09
Male 355,333 464 40,484 50.7 5003 547
Female 410,698 53.6 39,330 493 4144 45.3
Race n % n % n % <0.0001 <0.0001
White 525,743 686 53,221 66.7 3547 38.8
Black 118,577 15.5 15,626 19.6 3899 42.6
Hispanic 36,631 4.8 2943 3.7 790 8.6
Asian 6068 0.8 796 1.0 150 1.6
Native American 3159 0.4 231 0.3 66 0.7
Other 14,954 2.0 1204 1.5 252 2.8
Unknown 61,043 8.0 5803 7.3 442 48
Comorbidities n % n % n %
Cancer 187,074 244 21,128 26.5 1359 14.9 <0.0001 <0.0001
COPD 121,131 158 18,470 23.1 1564 17.1 <0.0001 <0.0001
Cirrhosis 4338 0.6 588 0.7 117 1.3 <0.0001 <0.0001
Congestive heart failure 84,598 11 24,781 31 3158 345 <0.0001 <0.0001
Coronary artery disease 127,953 17 27,588 34.6 3141 343 <0.0001 <0.0001
Diabetes mellitus 166,140 21.7 32,461 40.7 4406 48.2 <0.0001 <0.0001
Hypercoagulable state 35,685 47 2635 33 401 44 <0.0001 0.11
Hypertension 412,075 538 68913 86.3 8423 92.1 <0.0001 <0.0001
Morbid obesity 68,444 89 8669 10.9 805 8.8 <0.0001 <0.0001
Smoking 228512 298 20,343 25.5 2121 232 <0.0001 0.49
CCl score n % n % n % <0.0001 <0.0001
0 338,622 442 0 0 48 0.5
-2 311,480 407 18,457  23.1 2014 22.0
34 51,828 6.8 43,376 54.3 4769 52.1
5-6 12,210 1.6 12,577 15.8 1711 18.7
=7 52,037 6.8 5414 6.8 605 6.6

NKF: normal kidney function; CKD: chronic kidney disease; ESRD: end-stage renal disease; COPD: chronic obstructive pulmonary disease;

CCI: Charlson-Deyo’s comorbidity index.

(1%). PE patients with CKD were more likely to be older
when compared with ESRD patients (mean age
73.2 = 12.9years versus 59.3 £17.0years). Patients with
ESRD were more likely to be males and of African American
descent when compared to patients with CKD. Cancer,
COPD, coronary artery disease, morbid obesity, and smok-
ing were more prevalent in patients with CKD, whereas cir-
rhosis, congestive heart failure, diabetes mellitus, and
hypertension were more prevalent in patients with ESRD.
Hypercoagulable state and smoking were prevalent more in
NKEF patients than in CKD/ESRD patients. Charlson-Deyo’s
comorbidity index (CCI) score of =3 was more common in

CKD/ESRD patients, whereas score of <2 was more com-
mon in NKF patients (Table 1).

In-hospital outcomes

Median LOS was higher in ESRD patients than in CKD
patients (6 days versus 5days). Median LOS was lowest in
NKEF patients. Most patients from all the groups were dis-
charged to home. CKD patients were more likely to be dis-
charged to nursing home than ESRD patients (22.9% versus
17.9%). Also, CKD patients were more likely to require
home health care (HHC) than ESRD patients. The mortality
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Table 2. Outcomes in PE hospitalizations with NKF, CKD, or ESRD.

P value
NKF CKD ESRD NKF versus CKD  NKF versus ESRD
LOS 4 (2-6) 5(3-7) 6 (4-9) <0.0001 <0.0001
Disposition of survivors n % n % n % <0.0001 <0.0001
Home 501,050 654 38,006 476 4954 542
Transfer to short-term hospital 14,423 1.9 1668 2.1 189 2.1
Nursing home 100,464 13.1 18,305 229 1637 179
HHC 123,179 6.1 17,846 224 1561 17.1
AMA 5681 0.7 303 0.4 187 2.0
Died 20,579 2.7 3616 4.5 619 6.8
Discharge alive, destination unknown 329 0.04 35 0.04 0 0.0
Complications (%) n % n % n %
MV 33,328 4 6179 7.7 806 8.8  <0.0001 <0.0001
NIV 14,186 1.9 2511 32 353 3.9
Invasive mechanical ventilation 17,502 2.3 2350 2.9 591 6.5
Endotracheal intubation 1640 0.2 352 0.4 49 0.5
Cardiac arrest 5779 0.8 967 1.2 244 2.7  <0.0001 <0.0001

PE: pulmonary embolism; NKF: normal kidney function; CKD: chronic kidney disease; ESRD: end-stage renal disease; LOS: length of stay; HHC: home
health care; AMA: against medical advice; MV: mechanical ventilation; NIV: non-invasive ventilation.

rate was higher in ESRD patients (6.8%). ESRD patients
with PE were more likely to require mechanical ventilation
than CKD patients with PE (8.8% versus 7.7%). NKF
patients with PE were least likely to require mechanical ven-
tilation (4%). Rate of cardiac arrest was higher in ESRD
patients than in CKD patients (2.7% versus 1.2%) (Table 2).

Predictors of mortality

After adjusting for confounders in PE patients, CKD patients
were at 1.15 times higher risk of mortality than NKF patients
(OR 1.15; CI 1.05-1.26; P=0.002) and ESRD patients were
at 4.2 times higher risk of mortality than NKF patients (OR
4.22; CI 3.65-4.88; P<<0.0001). When compared to the age
group 1844 years, all other age groups had higher odds of
mortality. PE hospitalizations with age above 75 years were
at highest risk of death (OR 3.17; CI12.78-3.63; P<<0.0001).
There was no significant association of risk of mortality
with the sex of patients. When compared to Whites, African
Americans (OR 1.25; CI 1.15-1.35; P<<0.0001), Hispanics
(OR 1.15; CI 1.01-1.31; P=0.04), and Asians (OR 1.62; CI
1.17-1.69; P=0.0003) were at higher risk of mortality
(Table 3). Based on univariate and multivariate analyses, we
found that the odds of mortality increased significantly with
successive increase in the CCI score for CKD patients
(Tables 4 and 5). However, this effect was not observed in
ESRD patients (Tables 4 and 5).

Discussion

Our study found that significant proportion of patients
hospitalized with PE have impaired kidney function (CKD
and ESRD), which can be explained physiologically by

procoagulant state in patients with CKD secondary to
increase in fibrinogen, von Willebrand factor, VIla and XlIa,
and decrease in plasminogen activator inhibitor-1 (PAI-
1).2021 Use of erythropoietin is common in ESRD which
increases thrombosis risk.?? In addition, hyperhomocysteine-
mia in ESRD due to uremia causes endothelial dysfunction
which leads to alteration of Virchow’s triad.”* The increased
thrombophilic state has been found to be reversed after kid-
ney transplantation in patients with CKD stage-5.%

We found that hypercoagulable state and smoking were
more common in NKF patients than in CKD/ESRD patients.
There are several reasons for these findings. ESRD patients
receive heparin during their dialysis sessions. We believe
that this is the likely reason behind lower prevalence of
hypercoagulable state in ESRD patients. Also, CKD patients
are more likely to be on anti-platelet agents and anti-coagu-
lant agents due to their co-existing comorbidities than NKF
patients. ESRD patients are not considered transplant candi-
dates if they are actively smoking. Thus, they are more likely
to quit smoking than NKF patients. ESRD and CKD patients
get reinforcement for smoking cessation during dialysis vis-
its and nephrology office visits.

In our study, CKD patients with PE were more likely to be
discharged to nursing home than ESRD patients. This may
be because of lesser availability of nursing homes equipped
with hemodialysis facilities. CKD patients were more likely
to require HHC than ESRD patients. ESRD patients visit
their dialysis centers thrice a week and get comprehensive
care from a team of physicians, nurses, social workers, and
case managers. This is the likely cause for ESRD patients not
requiring HHC as much as CKD patients.

In 2020, a meta-analysis involving more than 225,000
patients found that renal insufficiency is a predictor of
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Table 3. Predictors of mortality in PE hospitalizations with CKD or ESRD.

Odds ratio (95% confidence interval) P value
Renal function
NKF Referent
CKD 1.15 (1.05-1.26) 0.002
ESRD 4.22 (3.65-4.88) <0.0001
Age (years)
18—44 Referent
45-54 1.49 (1.28-1.73) <0.0001
55-64 1.92 (1.68-2.21) <0.0001
65-74 2.17 (1.89-2.48) <0.0001
=75 3.17 (2.78-3.63) <0.0001
Sex
Male 1.05 (0.99-1.12) 0.10
Female Referent
Race
White Referent
Black 1.25 (1.15-1.35) <0.0001
Hispanic .15 (1.01-1.31) 0.04
Asian 1.62 (1.27-2.07) 0.0001
Native American 1.38 (0.92-2.07) 0.12
Other 1.41 (1.17-1.69) 0.0003
Comorbidities
Cancer 1.88 (1.76-2.00) <0.0001
COPD 1.10 (1.03-1.19) 0.01
Cirrhosis 2.41 (1.89-3.07) <0.0001
Congestive heart failure 1.96 (1.82-2.11) <0.0001

PE: pulmonary embolism; NKF: normal kidney function; CKD: chronic kidney disease; ESRD: end-stage renal disease; COPD: chronic obstructive

pulmonary disease.

Table 4. Univariate analysis for predictors of mortality in PE
hospitalizations with CKD or ESRD based on CCI.

Odds ratio (95% confidence interval) P value

Renal function

NKF Referent

CKD 2.80 (2.41-3.25) <0.0001
ESRD 0.98 (0.89-1.08) 0.72

CCl score

0 Referent

1-2 2.29 (2.11-2.49) <0.0001
34 3.68 (3.304.11) <0.0001
5-6 4.63 (4.00-5.36) <0.0001
=7 6.80 (6.17-7.50) <0.0001

PE: pulmonary embolism; NKF: normal kidney function; CKD: chronic
kidney disease; ESRD: end-stage renal disease; CCI: Charlson-Deyo’s
comorbidity index.

short-term and long-term mortality and adverse outcomes in
acute PE patients.”> Another 2020 study by Goto et al.?®
noted that moderate to severe CKD was associated with
increased risk of mortality, VTE recurrence, and major
bleeding compared with the presence of mild to no CKD. In
our study, patients with CKD and ESRD were found to have

1.15 and 4.2 times higher risk of in-hospital mortality,
respectively, when compared to patients with NKF. Patients
with ESRD also had a high rate of complications like the
need for mechanical ventilation and cardiac arrest. Our find-
ings are in alignment with previous NIS study by Kumar
et al.! where the mortality rate of PE among patients with
NKF was 3.2% compared to 6.7% for patients with CKD and
ESRD. In contrast, one of the studies done in Italy showed
that hospital mortality of patients with PE among NKF,
CKD, or ESRD was not statistically different. Instead, it was
independently related to age and gender, and comorbidities
like hypertension, diabetes mellitus, dementia, peripheral
vascular disease, and cancer.?” It is possible that this finding
could have been confounded by the associated comorbidi-
ties. Undoubtedly, there are also other independent predic-
tors for mortality from PE. We found that the odds of
mortality increased significantly with successive increase in
the CCI score for CKD patients but not for ESRD patients.
The explanation behind these findings is not well under-
stood. Pulmonary Embolism Severity Index (PESI) score is
used for prediction of outcome for PE which includes age,
sex, underlying heart failure, lung disease with clinical
parameters of hypotension, tachypnea, and hypoxia.?® From
a multicenter Brazilian cohort study, hospitalized PE patients
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Table 5. Multivariate analysis for predictors of mortality in PE
hospitalizations with CKD or ESRD based on CCI.

Odds ratio (95% confidence interval) P value

Renal function

NKF Referent

CKD 2.79 (2.39-3.25) <0.0001

ESRD 0.99 (0.90-1.09) 0.8
Sex

Male 1.09 (1.02—1.15) 0.006

Female Referent
Race

White Referent

Black 0.99 (0.92-1.07) 0.87

Hispanic 0.96 (0.83-1.11) 0.57

Asian 1.39 (1.08-1.79) 0.0l

Native 1.20 (0.80-1.79) 0.38
American

Other 1.27 (1.05-1.54) 0.0l
CCl score

0 Referent

1-2 2.29 (2.10-2.49) <0.0001

34 3.67 (3.294.10) <0.0001

5-6 4.61 (3.98-5.34) <0.0001

=7 6.78 (6.15-7.48) <0.0001

PE: pulmonary embolism; NKF: normal kidney function; CKD: chronic
kidney disease; ESRD: end-stage renal disease; CCl: Charlson-Deyo’s
comorbidity index.

with age more than 65 years were seen to have increased risk
of death.?® Similarly, in our study, PE patients with CKD and
ESRD older than 75years were at the highest risk of death.
In our study, Blacks were found to be at higher risk of death
from PE when compared to Whites. This finding co-relates
with 40% higher age-adjusted VTE incidence among Black
population.’®3! Analysis of out-of-hospital PE data shows
that Black population had the highest mortality but Hispanics
and Asians had low mortality compared to Whites, whereas
in a study of in-hospital data from New Jersey state, there
was no statistical difference in mortality in PE patients in the
Black and White population.3>** Both, in general population
and CKD/ESRD population, this finding can be blurred by
availability to treatment, time of presentation, modality of
treatment, and associated comorbidities.

Gender disparities have always been of special interest.
Although incidence of PE has always been higher in female,
results in terms of mortality outcome have been variable.
Agarwal et al.** showed higher mortality in female (OR
1.09; 95% CI 1.03—1.15) in addition to higher rate of compli-
cations including the need for blood transfusion and occur-
rence of shock. Panigada et al.*® found that there was no
statistical difference for in-hospital mortality based on gen-
der. We did not find gender-based differences in mortality
risk for PE patients with CKD/ESRD.

With respect to in-hospital outcomes, LOS was highest in
ESRD patients followed by CKD, with lowest LOS for

patient with NKF. CCI is a method of predicting mortality
within 1year after hospital admission by classifying or
weighting comorbid conditions.*¢ It was noted to be higher
with ESRD/CKD patients compared to patients with NKF.3

Administration of contrast for diagnosis of PE with angi-
ography adds to nephrotoxicity in CKD patients. Despite
anticoagulants being indicated for management of PE, there
is a lack of consistent evidence for safety and efficacy of
anticoagulants in patients with GFR <30. Anticoagulant
dose adjustment is necessary based on kidney function, and
sometimes, there can be increased bleeding risk. A combina-
tion of the above-mentioned factors often creates a dilemma
regarding anticoagulation management in these patients,
which might itself prolong the hospitalization, mortality, and
cost. Given the higher risk of mortality due to PE in CKD
and ESRD patients, formulation of strategies for prevention
of PE and risk—benefit analysis on its early treatment is
essential.

Our study has several limitations. ICD-9 coding is unable
to provide information regarding various stages of CKD to
precisely estimate the mortality trends in each stage. NIS
includes discharge-level data; thus, data from readmission of
the same individual cannot be assessed which might have
skewed the results. Since the data include admission with
primary diagnosis of PE, patient who develops PE during
hospitalization for other primary diagnosis is not included in
the study. Due to the nature of the data, we were not able to
study causal relationship of each predictor with inpatient
mortality. Although potential confounding factors were con-
trolled by multivariable regression, residual bias secondary
to unmeasured severity of comorbidities is a possibility.

Conclusion

Our study is the first study with multi-year data on nationally
representative sample looking into outcomes of hospitalized
PE patients with CKD and ESRD. We found statistically sig-
nificant higher mortality in ESRD and CKD patients when
compared to patients with NKF. Similarly, there was statisti-
cally significant high risk of mortality in elderly and Black
patients in PE patients with CKD and ESRD. There were no
gender-based differences in mortality risk for PE patients
with CKD and ESRD. LOS and mortality within 1 year after
hospital admission were higher in CKD and ESRD patients
with PE than in NKF patients with PE. Given that there is a
lack of evidence for safety of anticoagulants in patients with
GFR <30, prospective clinical studies are needed to identify
appropriate type and dose of anticoagulants for PE patients
with underlying CKD and ESRD. Future practice should
focus on diagnosing, treating, and most importantly prevent-
ing PE among CKD and ESRD patients.
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