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Predictors of venous thromboembolism among infants in
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Pediatric Health Information Study
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OBJECTIVES: Examine: (1) Prevalence of diagnosed venous thromboembolism (VTE) in infants <6 months discharged from U.S.
NICUs; (2) Associations between sociodemographic and clinical factors and VTE; (3) Secondary outcomes related to VTE.

STUDY DESIGN: Multivariable logistic regressions examined associations between VTE and sociodemographic and clinical factors
among infants <6 months discharged from Pediatric Health Information System (PHIS) NICUs between 2016 and 2019.
RESULTS: Of 201,033 infants, 2720 (1.35%) had diagnosed VTE. Birthweight 300-1000 g (aOR 3.14, 95% Cl 2.54-3.88), 1000-1500 g
(@OR 1.77, 95% Cl 1.40-2.42) versus 2500-3999 g, and public (@aOR 1.18, 95% Cl 1.02-1.37) versus private insurance were associated
with increased odds of VTE, as were CVC, TPN, mechanical ventilation, infection, ECMO, and surgery. All types of central lines (non-
tunneled and tunneled CVCs, PICCs, and umbilical catheters) had higher odds of VTE than not having that type of line. CVCs in

upper versus lower extremities had higher odds of VTE.

CONCLUSION: Infants with risk factors may require monitoring for VTE. Results may inform VTE prevention.
Journal of Perinatology (2022) 42:103-109; https://doi.org/10.1038/s41372-021-01232-1

INTRODUCTION

Studies of large nationally representative databases have shown
increasing rates of venous thromboembolism (VTE) among neonates
and infants. Between 2001 and 2007, the annual rate of VTE
increased by 70% in infants <28 days and 100% in infants 28 days to
1 year among patients in the Pediatric Health Information System
(PHIS) [1]. Similarly, the rate of VTE increased from 18.1 per 100,000
in 1994 to 49.6 per 100,000 in 2009 among infants in the National
Inpatient Sample [2]. Though not definitively established, the
increasing rate of VTE among infants may be partially due to
increased survival among the most premature and sickest infants,
increased use of central venous catheters (CVCs), and increased
screening and diagnosis [1, 3, 4].

The increasing rate of neonatal VTE is concerning since VTE
has been associated with increased short-term morbidity
(clot progression, pulmonary embolism, and stroke), long-term
morbidity (recurrent VTE and post-thrombotic syndrome), as
well as mortality, increased length of stay, and higher healthcare
costs [3]. In neonates specifically, VTE associated with a CVC may
necessitate the removal of the line and treatment with antic-
oagulation. This may then increase the number of central access
procedures and vascular injury as well as increase the risk of
bleeding, especially in premature infants already at risk of
intraventricular hemorrhage.

Despite the increasing rates of neonatal VTE and its
association with worse outcomes, no standards or protocols
exist for screening, prevention, diagnosis, or treatment. This is in
contrast to adult patients where risk factors for VTE are relatively
well understood and have led to prevention strategies [5-8]. The
absence of neonatal VTE protocols is partially due to a lack of
understanding of risk factors for neonatal VTE, especially given
their immature coagulation system [9-12], relatively small vessel
diameters, critical disease in much of the tertiary and quaternary
units [3, 4], relatively small sample sizes in past studies, and the
complexity and variability of the neonatal intensive care unit
(NICU) population.

Initial neonatal VTE data came from prospective registries in
Canada, Germany, and Denmark in the 1990s [13-15]. These
studies were instrumental to beginning to understand neonatal
VTE and identified initial risk factors, with CVCs being the greatest.
Given the relatively rare occurrence of neonatal VTE, the numbers
of patients who had the outcome of interest was low, with
thrombosis occurring in <100 patients in these studies. These
were followed by retrospective case series and case-control
studies, which continued to identify possible risk factors (CVC,
infection, prematurity/small for gestational age, maternal diabetes,
and dehydration/polycythemia) [4, 16-18] but were also limited
by small sample sizes, subpopulations (congenital heart disease),
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specific type of central lines (umbilical venous catheters,
peripherally inserted central catheters (PICCs)), or risk factors
(infection) [19-21]. Additionally, more recent data indicate the
incidence of neonatal VTE is now higher than was reported in the
1990s and early 2000s [4, 22]. Since that time, the NICU population
and NICU care has changed—encompassing younger, smaller,
more complex, and sicker patients, with likely increased use of
CVCs, and advances in life-sustaining measures, such as ventilator
modalities and total parenteral nutrition (TPN) composition. Other
reasons for the increased incidence of VTE include increased
awareness of VTE within the medical community and improved
imaging techniques. As such, there is a need for updated data and
a more encompassing approach to studying risk factors among
larger numbers of patients in order to inform the development of
prevention protocols.

Therefore, we sought to examine neonatal VTE using a large
nationally representative database of free-standing children’s
hospitals to: (1) examine the current prevalence of diagnosed
VTE in infants <6 months, (2) evaluate associations between
sociodemographic factors and VTE and clinical factors, such as
CVCs, and VTE, and (3) assess secondary outcomes related to VTE.

METHODS

Study design and data

We performed a retrospective cross-sectional analysis of data from the
Pediatric Health Information System (PHIS). PHIS is an administrative
discharge database that includes clinical and resource utilization data for
inpatient encounters from about 50 (depending on the year) children’s
hospitals, including demographic data, clinical details of the inpatient
encounter, diagnosis codes, and procedure codes [23]. The data are de-
identified and undergo multiple reliability and validity checks. The
institutional review board of Children’s Hospital Los Angeles approved
this study as exempt (CHLA-20-00182).

Study sample

We included all infants discharged from PHIS hospital NICUs between
January 1, 2016 and December 31, 2019 who were <6 months of age at
discharge. January 1, 2016 was selected as the earliest discharge date to
include as the transition from the prior coding system for healthcare
transactions such as medical diagnosis and procedures (International
Classification of Diseases-9 (ICD-9)) to the new coding system (ICD-10),
which was mandated by the Department of Health and Human Services to
start on October 1, 2015, should have been well established by that time
[24]. The analysis was limited to infants <6 months of age at the time of
discharge due to the developmental hemostatic changes that occur after
that age [25]. Readmissions were excluded given the difficulty in
attributing outcomes to occurrences in the current admission versus
previous admission. Fifty PHIS NICUs reported relevant data and were
therefore included in our analysis.

Outcomes

The outcome of interest, VTE, was identified using ICD-10 Clinical
Modification (ICD-10-CM) diagnosis codes. VTE included thrombosis and
embolism (acute and chronic) or phlebitis and thrombophlebitis, in the
upper extremities (superficial and deep), portal vein, renal vein, vena cava,
other thoracic veins, lower extremities (superficial and deep), and other or
unspecified veins, as well as thrombosis or embolism due to a vascular
device. These VTEs were therefore “diagnosed” VTEs, as it was predicated
on the patient having been assigned the ICD-10 CM diagnosis code.
Phlebitis, thrombophlebitis and superficial vessels were included due to
often being investigated in a similar way to VTE (ultrasound) and may be
managed similarly (line removal). Supplementary Table 1 provides the
details on ICD-10 diagnosis codes used to identify VTE and their relative
prevalence. Secondary outcomes examined were length of stay and
mortality.

Independent variables

Independent variables examined include sociodemographic factors and
clinical factors thought to potentially be risk factors for VTE either based on
previous literature or Virchow's triad. Sociodemographic factors included
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birthweight, sex, race, ethnicity, health insurance, and hospital region.
Clinical factors included receipt of TPN, mechanical ventilation, infection,
need for extracorporeal membrane oxygenation (ECMO), surgery, and
presence of a CVC. We also examined different types of CVCs (tunneled
and non-tunneled CVCs vs. PICCs vs. umbilical catheters) and different
locations of CVC insertion (upper extremity versus lower extremity). The
clinical factors (other than presence of CVC) are identified by PHIS using
ICD-10 or clinical transaction codes to determine whether the patient had
(infection) or received (TPN, mechanical ventilation, ECMO) that clinical
item during the hospitalization. The presence of a CVC was determined
using a combination of ICD-10 procedure codes to identify a CVC
terminating in a central location according to the Society of Critical Care
Medicine [26], ICD-10 diagnosis codes, PHIS billing codes, and Current
Procedural Terminology (CPT) codes (Supplementary Table 2). PHIS billing
codes, CPT codes, and ICD-10 procedure codes were used to determine
line type. ICD-10 procedure codes were used to determine upper or lower
extremity insertion site, the location of the central line tip, and the surgical
approach (open, percutaneous, or percutaneous endoscopic).

Statistical analysis

Univariate analyses examined distributions of the independent variables,
outcome, and secondary outcomes. Bivariate analyses included chi-square
tests for categorical variables and t tests for continuous variables. Separate
multivariable logistic regressions examined associations between (1) VTE
and sociodemographic factors, (2) VTE and clinical factors, and (3) VTE and
line type or upper extremity versus lower extremity line insertion site. All
statistical analyses were performed in Stata, version SE 16.1 (StataCorp). To
adjust for clustering at the hospital level the robust and cluster options
were used. Code is available by request from the corresponding author.

RESULTS

Analytic sample

The analysis included 201,033 infants <6 months discharged from
PHIS NICUs between 2016 and 2019. Mean (standard deviation,
SD) gestational age was 35.64 (4.16) weeks and mean (SD)
birthweight was 2686.51 (942.20) g (Table 1). Slightly over half
(55.9%) were male and white (55.1%) and the majority were non-
Hispanic (72.5%). More infants had public (56.0%) versus private
(41.0%) insurance. Hospitals were relatively evenly distributed
throughout the country with the northeast being slightly less
represented.

Prevalence of VTE

The prevalence of diagnosed VTE in infants <6 months of age
discharged from PHIS NICUs was 1.35% (2,720/201,033). Both the
numerator and denominator are inclusive of infants who died, as
such a case would be discharged as a mortality. There was
significant variability in the prevalence of VTE among hospitals
(Fig. 1), with the prevalence ranging from 0.1 to 5.9%. VTE was
most commonly coded as being in the lower extremities (35.0%),
associated with vascular devices (29.7%), or in the vena cava and
other thoracic veins (26.1%) (Table 2).

In bivariate analyses, infants who had a VTE were more likely to
be of lower gestational age (mean (SD) 34.19 (5.14) versus 35.66
(4.14) weeks, p<0.0001) and lower birthweight (mean (SD)
2392.21 (1072.50) versus 2690.37 (939.76)g, p<0.0001) than
those who did not have a VTE (Table 1). They were also more likely
to be Hispanic (19.23% versus 16.01%), have public insurance
(60.92% versus 55.97%), and be cared for in a hospital located in
the West (24.12% versus 20.73%). In terms of clinical factors, in
bivariate analysis, infants who had a VTE were more likely to have
received mechanical ventilation, TPN, had an infection, been on
ECMO, and had surgery compared to infants who did not have a
VTE. Eighty-five percent of infants with a VTE had a CVC versus
24.6% of infants without a VTE. The prevalence of VTE among
those with a CVC was 3.78% compared to 0.32% (p <0.001) in
those without a central line.

In those without a VTE, the principal diagnoses reflect mode of
delivery and common NICU problems, including respiratory
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Table 1. Descriptive statistics for the entire sample, infants with venous thromboembolism (VTE), and infants without venous thromboembolism.

NICU Admissions without VTE = NICU Admissions with VTE
(N=198,313) (N =2,720)

Entire sample
(N =201,033)

Demographics Mean (SD) or number (%) Mean (SD) or number (%) Mean (SD) or number (%) P value
Gestational age (completed weeks) 35.64 (4.16) 35.66 (4.14) 34.19 (5.14) <0.0001
(N=161,282)

22-25 5691 (3.53) 5479 (3.44) 212 (9.87) <0.001

26-31 19,046 (11.81) 18,656 (11.72) 390 (18.16)

32-33 13,613 (8.44) 13,475 (8.47) 138 (6.43)

34-36 37,156 (23.04) 36,723 (23.08) 433 (20.17)

37-40 79,836 (49.50) 78,914 (49.59) 922 (42.94)

41-44 5940 (3.68) 5888 (3.70) 52 (2.42)
Birthweight (grams) 2686.51 (942.20) 2690.37 (939.76) 2392.21 (1072.50) <0.0001
(N =183,335)

300-999 11,223 (6.12) 10,920 (6.00) 303 (15.49) <0.001

1000-1499 12,745 (6.95) 12,539 (6.91) 206 (10.14)

1500-2499 46,880 (25.57) 46,420 (25.61) 460 (22.52)

2500-3999 101,527 (55.38) 100,583 (55.49) 944 (46.76)

4000-5000 10,960 (5.98) 10,853 (5.99) 107 (5.09)
Sex 0.385
(N=200,826)

Male 112,209 (55.87) 110,668 (55.86) 1541 (56.70)

Female 88,617 (44.13) 87,440 (44.14) 1177 (43.30)
Race (201,033) 0.001

Black 35,465 (17.64) 34,969 (17.63) 496 (18.24)

Asian/American Indian/Pacific Islander 10,229 (5.09) 10,091 (5.09) 138 (5.07)

White 110,733 (55.08) 109,198 (55.06) 1535 (56.43)

Other 24,623 (12.25) 24,277 (12.24) 346 (12.72)

Unknown 19,983 (9.94) 19,778 (9.97) 205 (7.54)
Ethnicity 0.001
(N=201,033)

Non-Hispanic 145,671 (72.46) 143,742 (72.48) 1929 (70.92)

Hispanic 32,272 (16.05) 31,749 (16.01) 523 (19.23)

Unknown 23,090 (11.49) 22,822 (11.51) 268 (9.85)
Insurance <0.001
(N=198,399)

Private 81,239 (40.95) 80,252 (41.00) 987 (37.09)

Public 111,181 (56.04) 109,560 (55.97) 1621 (60.92)

Other 5979 (3.01) 5926 (3.03) 53 (1.99)
Clinical factors
Mechanical ventilation 69,496 (34.57) 67,190 (33.88) 2306 (84.78) <0.001
(N=201,033)
TPN 77,282 (38.44) 74,845 (37.74) 2437 (89.60) <0.001
(N =201,033)
Infection 45,001 (22.38) 43,312 (21.84) 1689 (62.10) <0.001
(N=201,033)
ECMO 1875 (0.93) 1601 (0.81) 274 (10.07) <0.001
(N=201,033)
Surgery 34,771 (17.30) 33,061 (16.67) 1710 (62.87) <0.001
(N =201,033)
Central Venous Catheter <0.001
(N=193,112)

No 144,009 (74.57) 143,597 (75.42) 412 (15.19)
Yes 49,103 (25.43) 46,803 (24.58) 2300 (84.81)

Hospital level characteristics
Census Region (201,033) <0.001

Midwest
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60,390 (30.45)

689 (25.33)
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Table 1 continued
Entire sample NICU Admissions without VTE  NICU Admissions with VTE
(N =201,033) (N=198,313) (N =2,720)
Demographics Mean (SD) or number (%) Mean (SD) or number (%) Mean (SD) or number (%) P value
Northeast 27,869 (13.86) 27,502 (13.87) 367 (13.49)
South 70,318 (34.98) 69,310 (34.95) 1008 (37.06)
West 41,767 (20.78) 41,111 (20.73) 656 (24.12)
Secondary outcomes
Mortality 7258 (3.61) 6883 (3.47) 375 (13.79) <0.001
(N=201,033)
Length of Stay 21.01 (29.09) 20.41 (28.31) 64.66 (46.38) <0.0001
(N=201,033)
TPN total parenteral nutrition, ECMO extracorporeal membrane oxygenation.
Includes all NICU discharges <6 months of age from PHIS Hospitals between Jan 1, 206 and Dec 31, 2019. Total N = 201,033. 2,720 with VTE (1.35%). T-test used
for continuous variables, chi-square for categorical variables.
Missingness: birthweight 8.80%, sex 0.10%, insurance 1.31%, central venous catheter 3.94%, and gestational age 19.77% (gestational age was not included in
regression analysis due to collinearity with birthweight and high percentage of missingness).
Race Other identifies a patient’s race as “Other”
Private insurance includes HMO/PPO; Public insurance includes Medicaid, Medicare, military, CHIP; Other insurance includes self-pay, charity, other payor,
hospital did not bill.
Mechanical ventilation identifies if a patient received a mechanical vent during this episode of care. Y = Patient had an ICD-9 Px code of 96.70, 96.71 or 96.72,
ICD-10 Px code of 5A1935Z, 5A1945Z or 5A1955Z or a charge mapped to CTC code 521166 or 521169. N = No mechanical vent. (See PHIS website).
TPN identifies if a patient received TPN (total parenteral nutrition) during this episode of care. Y = Patient had a charge mapped to any of the following CTC
codes: 146011, 146040, 146041, 146070. N = No TPN charges. (See PHIS website).
Infection identifies an infection as defined by the ICD codes recorded that trigger this flag. Y = Patient had a diagnosis that was considered an infection. N =
No infection. (See PHIS website).
ECMO identifies if a patient received ECMO (extracorporeal membrane oxygenation) during this episode of care. Y = Patient had an ICD-9 Px code of 39.65,
ICD-10 Px code of 5A15223 or a charge mapped to CTC code 521180, 521181 and 521182. N = No ECMO (See PHIS website).
Surgery identifies if a patient was billed for Operating Room services during this episode of care. Y = Patient had a charge mapped to a CTC code of 611110.
N = No Operating Room charges. (See PHIS website).
distress or failure, low birthweight, jaundice, and hypoglycemia. In
comparison, the principal diagnosis in infants with a VTE tends to
6.00 reflect a more medically complex population—with gastroschisis,
congenital heart disease, and sepsis falling in the top 10 most
>0 common principal diagnoses. Supplementary Table 3 compares
w00 the ten most common principal diagnoses in infants without a VTE
g versus those with VTE.
g 3.00
g Prevalence and location of central venous catheters
& 200 Hospitals bill (or in some cases may not bill), and therefore code,
for CVC insertion in varying ways. Using a combination of ICD-10
1.00 procedure codes, ICD-10 diagnosis codes, PHIS clinical transaction
||||||||I|” procedure codes, and CPT codes, we sought to ascertain whether
000 =111 - . . . . .
1035 7 9 1113 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 the infant had a CVC. Using this system, information wa.s.avall.able
Hospital Number on 96% of our sample (Supplementary Table 4). Umbilical lines,
] . . PICC lines, and non-tunneled and tunneled CVCs were more
Fig. 1 Prevalence of venous thromboembolism by hospital.

Includes 50 PHIS hospitals. Prevalence range 0.09-5.86%.

Table 2. Most common locations and factors associated with VTE.
Associated factors Frequency Percent
Lower extremity 953 35.04
Due to vascular device 807 29.67
Vena cava and other thoracic veins 711 26.14
Upper extremity 476 17.50
Portal Vein/Budd Chiari 391 14.38
Phlebitis and thrombophlebitis 371 13.64
Other and unspecified veins 166 6.10

N = 2720. Displays summary percentages for VTE in different areas of body
(based in ICD-10 Diagnosis Codes). For VTE acute and chronic embolism
and thrombosis were combined.
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common in those who had a VTE than those who did not (23.27%
vs. 10.18% for umbilical lines, 41.49% vs. 8.90% for PICC lines,
12.65% vs. 1.67% for non-tunneled and tunneled CVCs, respec-
tively). The most common locations of the line tip were superior
vena cava, followed by inferior vena cava (IVC), then IVC via an
umbilical approach, then right atrium, left subclavian, and right
subclavian (Supplementary Table 4). The most common approach
by far was percutaneous.

Sociodemographic risk factors for VTE

In multivariable regression examining sociodemographic risk factors
for VTE, extremely low birthweight <1000 grams (aOR, 3.14; 95% Cl,
2.54-3.88) and very low birthweight birthweight 1000 to 1500 grams
(@aOR, 1.77; 95% Cl, 1.40-2.24) were associated with a higher odds of
VTE compared to birthweight 2500 to 39999 (Fig. 2). Public
insurance (aOR, 1.18; 95% Cl, 1.02-1.37) versus private insurance was
associated with a higher odds of VTE. None of the factors were
associated with a significantly decreased risk of VTE.

Journal of Perinatology (2022) 42:103 - 109
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Fig. 2 Multivariable regression of sociodemographic risk factors on venous thromboembolism. Adjusted odds ratio and 95% confidence
interval displayed. N = 180,870. Race Other identifies a patient’s race as “Other” than White, Black, Asian/Pacific Islander/American Indian, or
Unknown. Private insurance includes HMO/PPO; Public insurance includes Medicaid, Medicare, military, CHIP; Other insurance includes self-

pay, charity, other payor, hospital did not bill.

18.97
Central Line —————————
17.46
TPN —_—————————i
17.13
ECMO T ° 4
11.27
Mechanical Ventilation ———i
8.78
Surgery k *
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Infection e
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Fig. 3 Multivariable regression of clinical risk factors on venous
thromboembolism. Adjusted odds ratio and 95% confidence
interval displayed. Adjusted for birthweight, sex, race, Hispanic
ethnicity, insurance, and hospital region. N = 180,870 for all clinical
factors except central venous catheter where N = 173,733. TPN total
parenteral nutrition, ECMO extracorporeal membrane oxygenation.

Clinical risk factors for VTE

In multivariable regression examining clinical risk factors for VTE
while controlling for sociodemographic risk factors, all six clinical
risk factors examined—any central line (@aOR, 18.97; 95% Cl,
14.68-24.52), TPN (aOR, 17.46; 95% Cl, 13.40-22.76), ECMO (aOR,
17.13; 95% Cl 12.90-22.75), mechanical ventilation (aOR, 11.27;
95% Cl, 8.62-14.74), surgery (aOR, 8.78; 95% Cl, 6.80-11.34), and
infection (aOR, 5.69; 95% Cl, 4.75-6.82)—were significantly
associated with an increased odds of VTE (Fig. 3).

Central line type and insertion site and VTE

We also examined how central line type and location of insertion
were associated with risk of VTE. After adjusting for socio-
demographic factors, all types of central lines were associated
with a higher odds of VTE than not having that type of central
line - non-tunneled and tunneled CVC versus no CVC, aOR, 8.50;
95% Cl (5.20-13.90), umbilical line versus no umbilical line, aOR,
2.32; 95% Cl (1.82-2.95), and PICC versus no PICC, aOR, 6.93; 95%
(Cl 5.55-8.65). Central lines inserted in the upper extremities were
associated with a higher odds of VTE (versus no central line, aOR,
8.43, 95% Cl 6.64-10.70) than lines inserted in veins of the lower
extremity (versus no line, aOR 5.49, 95% Cl 4.33-6.95); however,
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having both an upper and lower extremity line was associated
with the highest odds of VTE (versus no line, aOR 16.18, 95% Cl
12.66-20.68).

Secondary outcomes

VTE was significantly associated with increased mortality (13.4% in
those with VTE vs. 3.5% in those without VTE, p < 0.001) (aOR, 3.36;
95% Cl 2.57-4.40) and length of stay [mean (SD), 64.66 (46.33) vs.
20.50 (28.43) days, p < 0.001] (coeff, 38.25; 95% Cl 35.43-41.07).

DISCUSSION

In this analysis of a large administrative database, the prevalence of
diagnosed VTE was 1.35% in those <6 months of age, or 13.5/1000
NICU discharges, and the prevalence varied widely among PHIS
NICUs. We identified significant associations between some demo-
graphic factors and VTE, including low birthweight and public
insurance, and significant associations between some clinical factors
and VTE, including any CVC, TPN, mechanical ventilation, infection,
ECMO, and surgery. We also found that all types of central lines
(non-tunneled and tunneled CVCs, PICCs, and umbilical catheters)
were associated with a higher odds of VTE than not having that type
of line, and upper extremity CVCs were associated with a higher
odds of VTE than lower extremity CVCs. VTE was associated with
significantly increased mortality and longer length of stay, which
may be because these infants also tend to be more medically
complex or sicker.

The prevalence of diagnosed VTE that we found is higher than
the initial incidence reported from the late 1990s to early 2000s in
the German registry among neonates <4 weeks (5.1/100,000 live
births) [14] and Dutch registry (14.5/10,000 children 0-28 days and
0.25/10,000 children 29-265 days), which may be due to changes
in patient population and clinical care since that time [15]. Though
we acknowledge that prevalence and incidence are not equiva-
lent, that the prevalence we measure is per discharged NICU
patients (not per live births or per NICU admissions), and that the
age ranges vary by study, this is included for historical context.
Our increased prevalence is supported by a similarly increased
incidence found more recently in a clinical database (15/1000
NICU admissions) [4]. Our finding of wide variability in prevalence
of neonatal VTE among NICUs has not been previously reported. It
is possible that some of this variability may be due to differences
in screening for and diagnosis of VTE as well as differences in
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coding and/or billing. Case-mix may also be part of the variability,
however, given that PHIS includes level 3 and level 4 NICUs only,
these institutions should see relatively similar patient populations.
Given the magnitude of differential, and variation known to exist
in other aspects of care (i.e., infection), the hospital variation in
neonatal VTE prevalence deserves further investigation. In fact,
studies have shown variability in central line practices among
NICUs, such as in aspects of PICC insertion and maintenance [27].

In terms of risk factors for VTE, other studies have also identified
CVC [2, 13, 14, 18, 28, 29], infection [13, 14, 21, 29], and mechanical
ventilation [2, 29] to be risk factors; our study supports these and
further adds to the list of potential risk factors by identifying
significant associations. It also expands our understanding of the
types of central lines and locations of insertion that are associated
with higher odds of VTE, as other studies have examined
complications of PICCs by upper or lower extremity location and
found conflicting results. A meta-analysis of eight studies showed that
upper extremity PICCs were associated with a lower risk of thrombosis
compared to lower extremity PICCs [30], while two other studies
found no difference in thrombosis in upper versus lower extremity
PICCs [31, 32]. These studies differ from ours in that they are restricted
to PICC lines and have much smaller sample sizes, which can be
problematic when studying a low frequency outcome. However,
while we only sought to examine VTE, these other studies examine
multiple complications and make clear that it will be necessary to
balance various other complications of central lines in addition to VTE
when constructing a prevention protocol.

Limitations

This study is limited by the nature of the administrative discharge
database, which relies on coding and billing and can sometimes lack
granularity and have missing data. However, PHIS undergoes
multiple reliability and validity checks. In our study, other than
birthweight (8.80%), missingness was generally <5% (see Table 1
Notes). It is also limited by the reliance on ICD-10 codes to identify
the outcome. In a study of ICD-10 codes for venous and arterial
thrombosis in the Danish National Patient Registry, the positive
predictive value among admitted children 0-18 years was 77.4%
among neonates (<28 days) and 51.2% in children 28 days 14 years
[33]. We capture VTEs that are “diagnosed” by being assigned an
ICD-10 code, but the true prevalence of VTEs (including those that
are undiagnosed and not coded) is unknown and cannot be
estimated. Another limitation is that how VTEs were “diagnosed”,
such as with imaging or clinical symptoms, is unknown. Additionally,
our findings are specific to the PHIS NICU population. The
generalizability to non-PHIS hospitals may be limited. The PHIS
sample includes only free-standing children’s hospitals and VTE is
seen more commonly in children’s hospitals [34]. Finally, as with all
retrospective studies, this study cannot prove causality but only
establish associations that deserve further investigation.

There are also limitations in using the administrative database to
analyze central lines [35]. There may be systematic errors in the
coding of central lines as hospitals bill for these differently. It is
reassuring that about 96% of our sample had information using our
approach. Additionally, the temporal relationship between line
placement and clot development is difficult to establish and was
not examined in this study. Similarly, patients may have had multiple
central lines and attributing a clot to a specific line was not possible.
Due to design of the PHIS database, we were unable to evaluate the
temporal relationship between anticoagulation, VTE and a CVC. We
were also unable to distinguish asymptomatic catheter associated
thrombi which resolved with catheter removal alone. In the future, we
hope to further address some of these limitations by including timing
of line placement and clot development, and number of line days. It is
likely that hospital policies and practices, in addition to patient factors,
play a role in risk of neonatal VTE

The importance of this study is that while overall VTE risk is low,
it is rising. Consistent with other studies, we identified a
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population that is especially at risk: the sickest and smallest NICU
patient. Therefore, our study is hypothesis generating, identifying
factors that should be further examined with a multi-institutional
prospective data collection, which could ultimately help lead to
development of a risk stratification index and VTE prevention and
surveillance protocol. A multi-institutional registry of pediatric
hospital-acquired thrombosis cases has been established and the
development of a risk stratification tool for pediatric patients is
underway [3]. This tool will need to be modified for the neonatal
population and our study has provided some insight into potential
modifications and areas for future research.

CONCLUSIONS

In conclusion, in this analysis of diagnosed VTE in children’s
hospitals in the U.S., we found the prevalence was 1.35% among
infants <6 months discharged from PHIS NICUs but varied among
centers. We identified significant associations between demo-
graphic factors (low birthweight, public insurance) and VTE and as
well as clinical factors (TPN, mechanical ventilation, infection,
ECMO, surgery, any central line, and upper extremity lines) and
VTE. Additionally, VTE was associated with significantly increased
odds of mortality and longer length of stay. In the future, we hope
to expand understanding of VTE, by examining work up of
suspected or confirmed VTE (including imaging and laboratory
studies undertaken), treatment with anticoagulation, and asso-
ciated costs of care.
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