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ABSTRACT

BACKGROUND:Whether deep venous thrombosis involving the pelvic veins or inferior vena cava is associ-

ated with higher in-hospital mortality or higher prevalence of in-hospital pulmonary embolism than proxi-

mal or distal lower extremity deep venous thrombosis is not known.

METHODS: This was a retrospective cohort study based on administrative data from the Nationwide Inpa-

tient Sample, 2016, 2017. Patients hospitalized with a primary diagnosis of deep venous thrombosis at

known locations were identified by International Classification of Diseases-10-Clinical Modification

codes.

RESULTS: In-hospital all-cause mortality with deep venous thrombosis involving the inferior vena cava in

patients treated only with anticoagulants was 2.2% versus 0.8% with pelvic vein deep venous thrombosis

(p<0.0001), 0.7% with proximal deep venous thrombosis (p<0.0001) and 0.2% with distal deep venous

thrombosis (p<0.0001). Mortality with anticoagulants was similar with pelvic vein deep venous thrombo-

sis compared with proximal lower extremity deep venous thrombosis, 0.8% versus 0.7% (p=0.39). Lower

mortality was shown with pelvic vein deep venous thrombosis treated with thrombolytics than with antico-

agulants, 0% versus 0.8% (p<0.0001). In-hospital pulmonary embolism occurred in 11% to 23%, irrespec-

tive of the site of deep venous thrombosis.

CONCLUSION: Patients with deep venous thrombosis involving the inferior vena cava had higher in-hospi-

tal mortality than patients with deep venous thrombosis at other locations. Pelvic vein deep venous throm-

bosis did not result in higher mortality or more in-hospital pulmonary embolism than proximal lower

extremity deep venous thrombosis. The incidence of in-hospital pulmonary embolism was considerable

with deep venous thrombosis at all sites.

� 2020 Elsevier Inc. All rights reserved. � The American Journal of Medicine (2020) 000:1−5
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Proximal (popliteal vein or proximally) deep venous throm-

bosis requires treatment with anticoagulants.1 Isolated distal

deep venous thrombosis can be managed with serial imag-

ing to detect extension of the thrombus or it can be managed

with anticoagulants.1 In-hospital mortality for deep venous

thrombosis involving the inferior vena cava and for non-

caval deep venous thrombosis in 1 investigation was
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similar.2 Mortality at 3 months3 and at 12 months4 has been

described for lower extremity deep venous thrombosis,

either proximal or distal. However, there is a lack of sub-

group analyses in published trials focused on iliofemoral

deep venous thrombosis.5 Such subgroup analysis may be

important; patients with iliofemoral vein thrombosis had a

2.4-fold increased risk of recurrent venous thromboembo-

lism over 3 months of follow-up compared with patients

with less extensive deep venous thrombosis.6 Separate

reporting of iliofemoral deep venous thrombosis outcome,

therefore, has been encouraged.5 In the present investiga-

tion we assess in-hospital mortality of deep venous throm-

bosis involving the inferior vena cava, pelvic veins,

proximal veins of the lower extremities, and distal veins of

the lower extremities. We also evaluate the use of thrombo-

lytic therapy and anticoagulants in these groups.
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METHODS
This was a retrospective cohort study based on administra-

tive data from the Nationwide Inpatient Sample, Healthcare

Cost and Utilization Project, Agency for Healthcare

Research and Quality, 2016 and 2017.7 The Nationwide

Inpatient Sample in 2016 and 2017 was a sample of dis-
CLINICAL SIGNIFICANCE

� Patients with deep venous thrombosis
involving the inferior vena cava had
higher in-hospital mortality than
patients with deep venous thrombosis
at other locations.

� Pelvic vein deep venous thrombosis
was not associated with higher in-hos-
pital mortality than proximal lower
extremity deep venous thrombosis.

� Pelvic vein deep venous thrombosis
was not associated with higher preva-
lence of in-hospital pulmonary embo-
lism than proximal lower extremity
deep venous thrombosis.

� In-hospital pulmonary embolism was
frequent with deep venous thrombosis
at all sites.
charge records from all US non-

Federal, short-term, general, and

other specialty hospitals participat-

ing in the Healthcare Cost and Utili-

zation Project.7 Weighted estimates

of the number of hospitalizations

with a discharge diagnosis of deep

venous thrombosis were used. This

investigation was determined by the

institutional review board not to

meet the definition of “human sub-

jects” because the database includes

only de-identified patients.

Patients were identified by Inter-

national Classification of Diseases,

10th revision, Clinical Modification

(ICD-10-CM) Codes (Table 1). The

ICD-10-CM for introduction of a

thrombolytic agent into a peripheral

vein does not distinguish between

intravenous systemic thrombolytic

therapy and thrombolytic therapy

injected directly into a thrombosed

vein. We deleted patients who had
thrombolytic agents injected into a central artery, which

would have been administered for pulmonary embolism.

Included patients were adults (aged ≥ 18 years) of both

genders and all races hospitalized in short-stay hospitals in all

regions of the United States with a primary (first-listed) diag-

nosis of deep venous thrombosis at identified locations. We

deleted patients who had deep venous thrombosis at
Table 1 International Classification of Diseases, 10th Revision, Clinica

Condition

Acute DVT distal lower extremity

Acute DVT proximal lower extremity

Acute DVT pelvic vein
Acute DVT inferior vena cava
Acute DVT unspecified of lower extremity

Acute DVT unspecified lower extremity postpartum
Pulmonary embolism
Introduction of thrombolytic into central artery, percutaneous
approach

Introduction of thrombolytic into peripheral vein, percutaneous
approach

Adverse effects of thrombolytic drugs
Intracerebral hemorrhage

DVT = deep venous thrombosis; ICD-10-CM = International Classification of Dis
unspecified locations. We stratified patients according to

whether they had deep venous thrombosis at the following

sites: inferior vena cava, pelvic veins including the iliac veins,

proximal deep veins of the lower extremities including the

femoral and popliteal veins, and distal lower extremity includ-

ing the tibial veins.

Mortality with thrombolytic therapy was determined in
l Modification Codes Used

ICD-10-CM Code

I82.4Z,I82.4Z1, I82.4Z2,
I82.443, I82.449,

I82.431, I82.432, I82.433
I82.4Y3, I82.4Y9, I82.4

I82.421, I82.422,I82.423
I82.220
I82.40, I82.401,I82.402,
I82.493, I82.499

I82.409
I26.92, I26.99, I26.02, I2
3E06317

3E03317

T45.615A
I61

eases, 10th revision, Clinical
patients with deep venous thrombo-

sis at each site. In all instances,

“mortality” refers to in-hospital all-

cause mortality (case fatality rate).

Adverse effects including intracere-

bral hemorrhage were assessed with

thrombolytic therapy.

We assumed that patients were

treated with anticoagulants if they

did not receive thrombolytic ther-

apy. We assumed that patients who

received thrombolytic therapy

received anticoagulants in addition.

Differences between categorical

variables were calculated with the

2-tailed Fisher’s exact test using

MedCalc statistical software

(Osland, Belgium). Continuous var-

iables were expressed as mean §
standard deviation and

were calculated using Graphpad

QuickCalcs, Graphpad (San Diego,

Calif). The 95% confidence inter-
vals (CIs) were calculated with the modified Wald method

using Graphpad QuickCalcs. A P value ≤ .05 was consid-

ered statistically significant. Number needed to treat, and

absolute risk reduction with their 95% CIs were calculated

using Graphpad QuickCalcs.
I82.4Z3, I82.4Z9, I82.441,I82.442,

, I82.439,I82.4Y, I82.4Y1, I82.4Y2,
1, I82.411, I82.412, I82.413, I82.419
, I82.429, I82.890

I82.403, I82.49, I82.491, I82.492,

6.09

Modification Codes.
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RESULTS
In 2016 and 2017, 152,215 patients were hospitalized in the

United States with a primary diagnosis of acute deep

venous thrombosis at identified locations. Thrombus loca-

tions were the inferior vena cava 1.7%, pelvic vein 9.7%,

proximal lower extremity 73.1%, and distal lower extremity

15.5% (Figure). Demographic characteristics are shown in

Table 2.

Mortality in patients treated with anticoagulants who had

deep venous thrombosis involving the inferior vena cava

was higher than mortality with deep venous thrombosis

in the pelvic veins (2.2% compared with 0.8%; P < .0001;

Table 3). Mortality with deep venous thrombosis involving

the inferior vena cava was also higher than mortality with

proximal or distal lower extremity deep venous thrombosis
Table 2 Demographic Characteristics According to Location of Deep Ve

Distal Lower Extremity Proximal Low

Age, years (mean § SD)y 64 § 17 65 § 17
Female n/N (%) 12,085/23,630 (51%) 55,120/111,
White n/N (%) 16,100/23,085 (70%) 75,515/108,
Black n/N (%) 4,010/23,085 (17%) 20,740/108,
Hispanic n/N (%) 2,000/23,085 (8.7%) 8,865/108,2
Asian American n/N (%) 235/23,085 (1.0%) 955/108,245
Native American n/N (%) 70/23,085 (0.3%) 400/108,245

SD = standard deviation.

*Data were missing in some patients.

yAge P < .0001 distal lower extremity vs proximal lower extremity, distal low
(Table 3). Mortality in patients treated only with anticoagu-

lants was similar in patients with pelvic vein deep venous

thrombosis and proximal lower extremity deep venous

thrombosis (Table 3, Figure). Patients with distal lower

extremity deep venous thrombosis treated with antigoagu-

lants only, had lower mortality than patients with pelvic

vein deep venous thrombosis or proximal lower extremity

deep venous thrombosis (Table 3, Figure).

A larger proportion of patients with pelvic vein deep

venous thrombosis received thrombolytic therapy than

patients with inferior vena cava thrombosis (28% compared

with 19%; P < .0001; Figure). A larger proportion of

patients with pelvic vein deep venous thrombosis or inferior

vena cava thrombosis received thrombolytic therapy than

patients with proximal lower extremity deep venous
nous Thrombosis*

er Extremity Pelvic Vein Inferior Vena Cava

59 § 18 55 § 18
175 (50%) 8.680/14.745 (59%) 1,275/2,555 (50%)
245 (69%) 10,080/14,075 (72%) 1,720/2,445 (70%)
245 (19%) 2,195/14,075 (16%) 415/2,445 (17%)
45 (8.2%) 1,150/14,075 (8.2%) 180/2,445 (7.4%)
(0.9%) 240/14,075 (1.7%) 60/2,445 (2.5%)
(0.4%) 60/14,075 (0.6%) 25/2,445 (1.0%)

er extremity vs pelvic vein, pelvic vein vs inferior vena cava.
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Table 3 Mortality According to Treatment and Location of Deep Venous Thrombosis

Location of Deep Venous
Thrombosis

Mortality Anticoagulants
n/N (%)

95% CI Mortality Thrombolytics
n/N (%)

95% CI P Anticoagulants vs
Thrombolytics

Distal lower extremity 45/23,170 (0.2%) 0.1%-0.3% 0/455 (0%) 0%-0.8% .12
Proximal lower extremity 710/103,810 (0.7%)* 0.6%-0.7% 35/7,095 (0.5%) 0.4%-0.7% .06
Pelvic vein 80/10,545 (0.8)y,z 0.6%-0.9% 0/4,150 (0%) 0%-0.1% <.0001
Inferior vena cava 45/2,045 (2.2%)x 1.7%-2.9% #/490 - -

CI = confidence interval.#Insufficient data

*P < .0001 proximal lower extremity vs distal lower extremity.

yP = .39 pelvic vein vs proximal lower extremity.

zP < .0001 pelvic vein vs distal lower extremity.

xP < .0001 inferior vena cava vs pelvic vein, inferior vena cava vs proximal lower extremity, inferior vena cava vs distal lower extremity.
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thrombosis or distal lower extremity deep venous thrombo-

sis (19% and 28% compared with 6.4% and 1.9%; P <
.0001; Figure).

Lower mortality was shown in patients with pelvic vein

deep venous thrombosis treated with thrombolytic agents

than with anticoagulants (Table 3). The absolute risk reduc-

tion was 0.8% (95% CI, 0.6%-0.9%). The number needed

to treat was 132 (95% CI, 108-169). In the distal and proxi-

mal lower extremities, mortality was not significantly lower

with thrombolytic therapy than with anticoagulants.

Adverse events were reported in 115 of 12,190 (0.9%)

patients who received thrombolytic therapy. No deaths and

no intracerebral hemorrhages resulted from thrombolytic

therapy.

In-hospital pulmonary embolism occurred in 11% to

23% of patients with deep venous thrombosis, irrespective

of the site (Table 4). Counterintuitively, a lower proportion

of patients with deep venous thrombosis involving the infe-

rior vena cava or pelvic vein had pulmonary embolism

diagnosed in-hospital than patients with proximal or distal

lower extremity deep venous thrombosis.
DISCUSSION
In-hospital all-cause mortality was higher in patients with

inferior vena cava thrombosis treated with anticoagulants

than in patients with deep venous thrombosis at other loca-

tions. Mortality on anticoagulants was similar in patients

with pelvic vein deep venous thrombosis and proximal

lower extremity deep venous thrombosis. Patients with
Table 4 In-Hospital Pulmonary Embolism According to Loca-
tion of Deep Venous Thrombosis*

Location of Deep Venous
Thrombosis

In-hospital Pulmonary
Embolism n/N (%)y

Distal lower extremity 5,445/23,650 (23%)
Proximal lower extremity 24,640/111,245 (22%)
Pelvic vein 2,470/14,760 (17%)
Inferior vena cava 275/2,560 (11%)

*P = .003 proximal lower extremity vs distal lower extremity.

yP < .0001 inferior vena cava vs pelvic vein, pelvic vein vs proximal

lower extremity.
distal lower extremity deep venous thrombosis had lower

mortality. Mortality was lower in patients with pelvic vein

deep venous thrombosis treated with thrombolytic agents

than with anticoagulants, but this was balanced by adverse

events. The incidence of in-hospital pulmonary embolism

was not higher in patients with inferior vena cava or pelvic

vein deep venous thrombosis than in patients with proximal

or distal lower extremity deep venous thrombosis. The inci-

dence of in-hospital pulmonary embolism was considerable

with deep venous thrombosis at all sites.

We assume that if a patient had both pulmonary embo-

lism and deep venous thrombosis on admission, the primary

diagnosis would have been pulmonary embolism, which is

the more serious. Any discharge code for pulmonary embo-

lism, therefore, indicated that pulmonary embolism was

diagnosed during hospitalization. Even though pulmonary

embolism was not recognized on admission, we cannot be

sure that pulmonary embolism developed in-hospital in all

patients with a secondary diagnosis of pulmonary embo-

lism. Some patients with deep venous thrombosis might

have had silent pulmonary embolism on admission. Silent

pulmonary embolism, based on review of prospective

investigations, occurred in 31% of patients with deep

venous thrombosis8 and it occurred in 66% of patients with

deep venous thrombosis in 1 investigation.9 Silent pulmo-

nary embolism may involve central pulmonary arteries10

and involve over 60% of the pulmonary circulation.11

Post-thrombotic syndrome has been reported to be lower

in patients treated with catheter-directed thrombolysis.12,13

However, results are not uniform. A randomized controlled

trial of 692 patients with femoral, common femoral, or iliac

vein deep venous thrombosis showed that catheter-directed

thrombolysis did not result in a lower rate of post−throm-

botic syndrome after 24 months.14 Recurrent venous throm-

boembolism over a 24-month period was not lower in

patients who received catheter-directed thrombolysis.12,14

A strength of this investigation is that it is the only inves-

tigation that evaluates deep venous thrombosis in hospital-

ized patients according to whether the thrombus is in pelvic

veins compared with proximal or distal veins of the lower

extremity. Weaknesses include lack of follow-up. We do

not know if patients treated with thrombolytic agents had a

lower incidence of post-thrombotic syndrome than patients
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treated with anticoagulants. We do not know if thrombo-

lytic therapy reduced the incidence of recurrent pulmonary

embolism. Also, we do not know if thrombolytic therapy

was administered systemically or directly into a thrombosed

vein. We do not know the positive predictive value of ICD-

10-CM codes used in the present investigation. The Posi-

tive predictive value of the ICD-9-CM codes for proximal

or distal deep venous thrombosis in the principal position

were 95%.15

In conclusion, patients with deep venous thrombosis

involving the inferior vena cava had higher in-hospital mor-

tality than patients with deep venous thrombosis at other

locations. Pelvic vein deep venous thrombosis did not have

higher in-hospital mortality than proximal lower extremity

deep venous thrombosis, and it was not associated with

higher rate of pulmonary embolism diagnosed in-hospital.

In-hospital pulmonary embolism was frequent with deep

venous thrombosis at all sites.
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