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Seventy-one burned patients requiring intensive care unit man-
agement underwent 570 central venous and 167 femoral arterial
catheterizations. These patients were surveyed by repeated
physical examinations and duplex scans for vascular-related
complications. Catheter sites were rotated every 3 days. No ar-
terial thrombi or occlusions were noted. Fourteen patients
(19.6%) had 19 positive venous duplex scans. Five patients (7%)
had symptomatic deep venous thrombosis (DVT) and nine
(12.6%) had asymptomatic DVT. Mean number of venous can-
nulations before a positive scan was 4.3 (range I to 17). All five
symptomatic patients had DVT that originated in the lower ex-
tremities. No patient had clinical evidence of a pulmonary em-
bolus, or limb morbidity resulting from the DVT. Follow-up du-
plex scans in the five asymptomatic and three symptomatic pa-
tients showed complete resolution in each case. This study
demonstrates the high incidence and natural history of central
DVT in a group of critically ill burn patients.

Tn HE INCIDENCE OF lower-extremity deep venous
thrombosis (DVT) in the postoperative period is
estimated to be between 25% and 40%.' This in-

cludes both peripheral and central sites. Upper-extremity
DVT is reported to occur in from 1.3% to 9% of axillary
and subclavian veins.2-4

Short- and long-term vascular access in the patient with
a large burn not only represents a difficult technical prob-
lem but more importantly may be the cause of significant
local and systemic morbidity. The technical complications
reported in the literature are legion and include throm-
boembolism, sepsis, pneumothorax, and particularly
DVT.5-" The latter is especially dangerous because ofthe
association with fatal and nonfatal pulmonary emboli.'2
A previous prospective clinical study in burn patients
demonstrated only six complications in more than 2190
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femoral arterial and venous cannulizations performed
during a 3.5-year period.'3
The clinical diagnosis ofDVT based on the history and

physical examination may be erroneous in as many as
50% of the cases, and nearly 50% of all cases are silent.14
The burned lower extremity may be associated with a
number of factors not found in other patient populations
that decrease the accuracy of the physical examination.
These include pain, edema, and tenderness associated with
the burn, escharotomies, fasciotomies, a grafted wound
bed and donor sites.

Until now venography had been considered the diag-
nostic gold standard for DVT and, until recently, was the
most frequently used and most accurate of all tests. 15 Now
the ideal noninvasive method of detecting DVT is with
real-time B-mode venous ultrasound (duplex scanning).
This test not only provides anatomic information but also
physiologic data relevant to flow in the vessel. The duplex
scan is as accurate as either venography or arteriography
but does not cause the complications found with an in-
vasive procedure.6'20 It is superior to Doppler ultrasound
for the diagnosis of femoral DVT when the clot is non-
occlusive.2' The sensitivity of the duplex scan is reported
to be between 89% and 100% and the specificity is between
94% and 100% when compared to venography.2122
A study was undertaken using duplex scanning to iden-

tify both the incidence and natural history of central DVT
and accumulate additional data on the safety of femoral
arterial cannulation in critically ill burn patients.

Materials and Methods

Two hundred thirty-eight patients were admitted to the
Parkland Memorial Hospital burn Intensive Care Unit
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duirng an 18-month period. Seventy-one patients requir-
ing central vascular access were studied serially for the
development ofDVT. The mean age was 31.8 years, with
a range from 15 months to 68 years. The mean total burn
surface area (TBSA) was 55.6% (range 15% to 97%). There
were 167 common femoral artery and 570 central venous
cannulations, as well as an unknown number of single
punctures for the purpose of obtaining blood chemistries.
The venous access sites included internal jugular-42, sub-
clavian-30, and common femoral-498. Catheter sites were
routinely changed every 3 days.
The following data were collected on all study patients:

catheter type, size, number of lumens, location of access,
ease of insertion, indications for insertions, and compli-
cations. Catheterizations were performed by the percu-
taneous Seldinger technique. A variety of catheter-type
material was used. Single lumen intravenous catheters
were used in 80% of the cases. The largest-gauge catheter
used for central access in adults and children was 19 and
22, respectively. Femoral artery catheterization was

avoided during acute burn resuscitation. No patient had
a past history of central venous access, pulmonary emboli,
or DVT. Prophylactic low-dose subcutaneous heparin,
compressive leg wrapping, or pneumatic calf compression
were not used in these patients.
Venous and arterial duplex scanning was performed

by the same technician with a Diasonics Duplex Scanner
(model DRF 400, Barber Lane, Milpitas, CA), using a

7.5-megaHertz ultrasonographic real-time imager and a

4.5-megaHertz scanner for Doppler spectral analysis. Du-
plex examinations of bilateral venous and arterial sites in
the groin and the neck, including the subclavian veins,
were performed each time.
The presence of any of the following criteria indicated

DVT: (1) visualization of intravascular thrombus; (2)
noncollapsible, noncompressible vessel wall; (3) inability
to augment or demonstrate a doppler flow signal; and (4)
inability to visualize motion, valves, or blood flow. All
patients with DVT were restudied every 7 to 10 days until
discharge and then scanned periodically as outpatients
until the duplex scan was normal.

Results

There were no instances of intimal injury or arterial
thrombosis detected by Duplex scanning. Of the 71 pa-
tients, 14 (19.7%) developed 19 instances ofDVT in cen-

tral veins. The venous sites included 4 subclavian after 6
cannulations, 4 internal jugular after 19 cannulations, and
11 femoral after 158 cannulations. There were 12 partial
and seven complete venous thrombi. Nine patients with
DVT were asymptomatic and five were symptomatic.
Each of the latter patients presented with the sudden de-
velopment of unilateral leg edema. There was no signif-
icant difference between the patients with symptomatic

and asymptomatic DVT regarding burn size, age, post-
burn day of diagnosis of DVT, number of operations, or

length of hospitalization. The mean postburn day that
DVT was diagnosed was 45, with a range of days 10 to
1 10. The mean number of venous cannulations before a

positive scan was 4.3 (range, 1 to 17). Seven instances of
DVT developed after one cannulation (Table 1). No pa-

tient with either subclavian or jugular DVT was symp-

tomatic (Figures IA and B). Seven ofthe eight subclavian
and internal jugular DVT sites were in two patients. Pa-
tients without evidence of DVT had significantly fewer
overall venous cannulations than patients who devel-
oped DVT.

Three of the seventy-one patients were scanned within
1 week of burn and each had a normal scan. Scans were

repeated every 7 to 10 days. Asymptomatic femoral DVT
was detected on days 30, 44, and 97, respectively, after a
normal scan. The number of cannulations of each vessel
before DVT was 4, 12, and 16, respectively.

Six of the fourteen patients with DVT died in the hos-
pital, two from a stroke, three from sepsis, and one from
inadvertent airway extubation. Two patients with symp-

tomatic DVT died, one with an 86% TBSA burn from
sepsis, and the other from a cerebral vascular accident.
No autopsies were performed. Comparison by chi square

univarant analysis between patients with and without
DVT revealed the following to be statistically significant:
need for Swan-Ganz catheter monitoring (p < 0.05), sepsis
(p < 0.001), ARDS (p < 0.05), stroke (p < 0.001), and
death (p < 0.001). None ofthe patients with asymptomatic
DVT received heparin, coumadin, or an inferior vena

cava filter. Only one patient with symptomatic DVT was

anticoagulated because of phlegmasia cerulea dolens.
The eight surviving asymptomatic patients were

scanned every 2 weeks after discharge. The five asymp-
tomatic patients had complete resolution of the DVT.
The mean day of resolution was 32, with a range of 24 to
60 days. The three symptomatic patients had complete
resolution ofthe DVT on days 31, 38, and 42, respectively,

TABLE 1. Number ofCatheterizations Per Patient

Number of
Catheter Group A Group B
Insertions (n = 14) (n = 57) p value

1-5 1 30 0.0014
6-10 6 7 0.008
11-20 4 11 NS
21-30 1 6 NS
31-40 1 3 NS
41-50 1 0 NS

Total 570 14 57

A comparison of the number of central venous catheterizations in
patients with subsequent DVT (group A) and those patients without
DVT (group B).
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FIGS. lA AND B. (A) Lon-
gitudinal view with B-mode
duplex scan ofinternal jug-
ular vein. Arrow denotes
partially occlusive throm-
bus adherent to anterior
wall. (B) Cross-sectional
duplex scan ofjugular vein
with near-occlusive throm-
bus (arrow).
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after the occlusion. None of the eight patients have de-
veloped signs or symptoms of a pulmonary embolus or
venous insufficiency. The follow-up ranges from 14 to 31
months.

Discussion

This study updates and reaffirms data previously re-
ported from this burn unit; complications associated with
cannulation of the femoral artery are minimal. This con-
tinues to be a practical and safe route for arterial can-
nulation in burn patients.
The critically ill burn patient certainly possesses the

three predisposing factors associated with venous throm-
bosis proposed by Virchow: (1) stasis ofblood (hemocon-
centration and hypotension in the acute resuscitation
phase and prolonged immobilization), (2) hypercoagul-
ability,23 and (3) vascular intimal injury (vessel cannu-
lation).

Central vascular access is important in the critically ill
burn patient. While central venous access ideally should
be used only for hemodynamic monitoring or hyperali-
mentation, and not resuscitation or routine access, fre-
quently this is not practical in burn patients. Because pe-
ripheral sites are preferentially used in the early postburn
period, they are rapidly exhausted. Many veins can't be
used because they are destroyed by the overlying cuta-
neous injury or excised with the burn eschar.

Prolonged intensive care unit management oflarge cu-
taneous burns frequently requires double and even triple
lumen catheters, Swan-Ganz catheter monitoring, re-
peated access in the same vessel, and the use ofhypertonic
intravenous fluids for hyperalimentation. The risk ofboth
systemic sepsis and local suppurative thrombophlebitis
represent additional predisposing factors for the devel-
opment of DVT.

Rotation of intravascular sites every 3 days has been
shown to decrease the risk of suppurative thrombophle-
bitis.24 In a study of 139 burn deaths there was a 37%
incidence ofvenous thrombosis found at autopsy and 39%
ofthese were infected.25 The standard practice in treating
burned patients with central lines is to both rotate and
change the catheters sites every 3 days.

Sevitt and Gallagher26 identified a 60% incidence of
venous thrombosis and a 5.5% incidence of pulmonary
emboli at necropsy in 33 burned patients. McDowall27
reviewed the clinical records and postmortem reports of
deaths attributed to pulmonary emboli in 2250 burn pa-
tients and found a 0.04% incidence. No data was given
on the incidence of central DVT in either of these two
studies. Mayou et al.28 prospectively studied 15 burn pa-
tients with 1125 fibrinogen. Nine scans were positive (60%)
and eight were confirmed with venography. There were

two cases of femoral thrombi and one pulmonary em-
bolus.

Clagett29 pooled data from 54 previously published
studies during a 10-year period evaluating different meth-
ods ofprophylaxis for DVT and reported a 25% incidence
ofDVT in general surgical patients. The incidence ofpul-
monary emboli in the same group of pooled studies ap-
proached 1.6%. However the diagnosis ofDVT was largely
made using 1125 fibrinogen uptake scanning and many
series did not specify ifcentral vascular sites were involved.
There appears to be little argument that low-dose heparin
reduces the risk of postoperative DVT, but data is less
convincing that it reduces the risk of fatal pulmonary em-
boli.

Central DVT in the jugular or subclavian veins rep-
resents a particularly difficult therapeutic challenge.303'
Seven of the eight subclavian and internal jugular DVT
in this series occurred in two patients. The one patient
who died had small pulmonary emboli at autopsy, but
the cause ofdeath was sepsis. In a study reported by Hor-
ratas,3 28% of patients with previous subclavian vein
catheterization had a 28% incidence of DVT and 12%
developed pulmonary emboli. Harley et al.2 identified
pulmonary emboli in 35.7% of 14 patients with axillary
and subclavian vein thrombosis, but none had hospital-
acquired DVT.
The initial manifestation ofDVT may be a pulmonary

embolus. More than 80% of pulmonary emboli originate
in the deep veins of the leg, and the majority originate
when the thrombus extends above the knee.32 While the
12.6% incidence of asymptomatic DVT in these 71 pa-
tients is alarming, there has been no chronic limb mor-
bidity or pulmonary emboli in the surviving patients, with
the follow-up exceeding 2.5 years. During the last 8 years
in more than 3200 admissions to this burn unit, there
have been no fatal pulmonary emboli and only six non-
fatal, clinically diagnosed pulmonary emboli.33 Three of
these six patients received low-dose subcutaneous heparin
and none had lower-extremity central venous access.

Because lower-extremity DVT is common in surgical
patients and results in significant acute and chronic mor-
bidity and even fatal pulmonary emboli, early diagnosis
and treatment are paramount. Prophylactic and thera-
peutic treatment regimens have become standardized for
symptomatic DVT.34'35 On the other hand, the treatment
of asymptomatic DVT in burn patients is uncharted.
The low incidence of pulmonary emboli in this burn

unit does not correlate with reported series ofgeneral sur-
gical patients.32 Because this was not a prospective study
and the number of patients was small, the true incidence
of central DVT and the exact time ofthrombus formation
in asymptomatic cases could not be determined. Therefore
none of the patients with asymptomatic DVT were an-
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ticoagulated or had insertion ofa inferior vena cava filter.
Four of the five symptomatic patients were not antico-
agulated because each had a large open burn wound,
which was considered a contraindication to anticoagu-
lation.
The present study is the first to provide data about the

incidence and natural history of central DVT in burn
patients. This represents a unique subset of intensive care

unit patients and therefore care must be exercised in in-
terpreting this data and how the patients were treated. It
is hoped that investigators in other burn units will accu-

mulate data on both the incidence of central DVT and
pulmonary emboli so that safe and effective treatment
regimens can be formulated and, more importantly, better
preventive measures can be developed.

This study raises more questions than answers. Should
all burn patients with central lines be treated with pro-

phylactic low-dose subcutaneous heparin because of the
high incidence of symptomatic and asymptomatic DVT?
If anticoagulation is believed to be contraindicated in a

burn patient with either symptomatic or asymptomatic
DVT, should caval interruption be instituted? Should a

vena cava filter be inserted in the septic burn patient when
anticoagulation is contraindicated? If the low incidence
of pulmonary emboli found in this unit is confirmed by
others, is any therapy warranted for asymptomatic DVT?
Should routine serial Duplex scanning be performed in
burn patients with central venous access to identify DVT?
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