
M
a

lli
n
c
k
ro

d
t,

 t
h

e
 “

M
” 

b
ra

n
d

 m
a

rk
, 
th

e
 M

a
lli

n
c
k
ro

d
t 
P

h
a

rm
a

c
e
u
ti
c
a
ls

 l
o
g
o

 a
n

d
 o

th
e

r 
b

ra
n

d
s
 a

re
 t
ra

d
e

m
a

rk
s
 o

f 
a

 M
a

lli
n
c
k
ro

d
t 
c
o

m
p

a
n

y.
 ©

 2
0

1
9

 M
a

lli
n
c
k
ro

d
t.

Exploring Cost and Treatment Patterns During Hospitalizations for Thermal Burn 
Patients Undergoing Autografting in a Commercially Insured Population

Yu T-C1, Zhou H2, Smiell JM1, Böing EA1, Tan R2

1Mallinckrodt Pharmaceuticals, Bedminster, NJ, USA; 2KMK Consulting Inc., Morristown, NJ, USA 

Introduction

• Each year in the United States, nearly half a million Americans require medical treatment for burns in emergency departments (ED),1 with 

approximately 40,000 hospitalizations.2  Most of the burns in the United States from 2008 to 2017 were thermal burns from fire and flame 

(41%) and scalding (35%).3

• The current standard of care for deep partial-thickness and full-thickness burns includes autografting. However, there are several 

limitations and challenges associated with autografting, including donor site skin availability and complications that occur at the donor site 

such as impaired healing, infection, scarring, pruritus, and either hyperpigmentation or hypopigmentation.4,5

• When donor site availability is scarce or the skin injury is very deep (third degree), a variety of skin substitutes are used (e.g., allografts, 

heterografts, and biosynthetics/synthetics) to both prepare the wound bed while providing temporary cover of the open wounds to protect 

against infection and reduce pain and fluid loss to maximize the success of autografting when donor skin becomes (or is) available.6

• The economic burden associated with burn injury is substantial.3 However, to our knowledge, no studies have evaluated the treatment 

patterns and economic burden associated with thermal burns and inpatient autografting. 

Objective

• To characterize treatment patterns, healthcare resource utilization (HCRU), and costs for thermal burn patients who underwent inpatient 

autografting in a commercially insured population in the United States.

Methods

• Data were extracted from the Truven Health MarketScan® Commercial Database, which contained medical and pharmacy data from 

large employers and health plans across the United States who provide coverage for more than 111 million employees, their spouses, 

and dependents from November 15, 2010 to December 31, 2016. 

• Thermal burn patients who underwent a first inpatient autografting between January 1, 2011 and June 30, 2016 were identified.

• The index hospitalization was the first admission for thermal burns and autografting. The index hospitalization admission date was 

designated as the index date. Patients had to be continuously enrolled for at least 45 days before and 6 months after the index date. 

• Patients with an International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) E code of E924.1 (accident by

caustic and corrosive substances) during the index hospitalization and patients undergoing any autografting procedures 30 days before 

the index date were excluded.

• Also excluded were patients with other conditions that might require skin graft/skin graft substitute during the index hospitalization, 

including toxic epidermal necrolysis, necrotizing fasciitis, cancer excisions to skin, chronic wounds (especially venous leg ulcers or 

pressure ulcers), and reconstruction after compartment syndrome.

• Patient demographics and characteristics, burn-related clinical characteristics, all-cause and burn-related HCRU and costs were 

assessed at baseline (45 days preindex), during the index hospitalization, and during a 6-month evaluation period (from index date to 

day 184).

• Costs were adjusted to 2017 US dollars using 2017 medical care price index information provided by the Bureau of Labor Statistics.7

• Descriptive analysis was conducted. Means and standard deviations (SDs) were reported for continuous variables, and absolute/relative 

frequencies were reported for categorical variables.

Results

Patient Demographics and Characteristics (Table 1)

• 1,695 thermal burn patients who first underwent autografting at hospitalization met inclusion and exclusion criteria.

• The mean age of patients was 36.6 years, 66.3% were males, and the mean Modified Deyo-Charlson Comorbidity Index of the patients

was 0.50 (SD=1.2).8

• The most prevalent comorbidities of interest were diabetes without chronic complications, chronic obstructive pulmonary disease, 

anxiety, and depression (approximately 8% of each).

Table 1. Demographics and characteristics of thermal burn patients who underwent inpatient autografting

No. (%)

N = 1,695

Age on index date (y), mean (SD) 36.6 (18.49)

Age category

0-5

6-17

18-44

45-64

≥65

107 (6.3)

184 (10.9)

708 (41.8)

653 (38.5)

43 (2.5)

Gender

Male

Female

1,124 (66.3)

571 (33.7)

Residence region

Northeast

Midwest

South

West

Unknown

270 (15.9)

392 (23.1)

735 (43.4)

268 (15.8)

30 (1.8)

Plan type

HMO

PPO

CDHP

Other*

Unknown

192 (11.3)

1,060 (62.5)

110 (6.5)

267 (15.8)

66 (3.9)

Modified Deyo-Charlson Comorbidity Index,8 mean (SD) 0.50 (1.20)

Common comorbidities

Diabetes without chronic complications

Chronic obstructive pulmonary disease

Anxiety

Depression

151 (8.9)

147 (8.7)

142 (8.4)

139 (8.2)

Burn-Related Clinical Characteristics (Table 2)

• 92.4% of patients had some third-degree or deep third-degree burns (defined in coding systems as deep necrosis of 

underlying tissues) as the highest burns degree.

• 33.7% of patients had ≥10% total body surface area (TBSA) burn injuries.

• Most of the burn sites were in the upper or lower limbs (66.3% and 56.2%, respectively).

No. (%)

N = 1,695

Burn site*

Upper limb

Upper limb except wrist and hand

Wrist and hand

Lower limb

Lower limb except foot and ankle

Foot and ankle

Trunk

Eye, face, head, neck

Multiple specific sites

Internal organs

Unspecified site

1,123 (66.3)

860 (50.7)

763 (45.0)

953 (56.2)

850 (50.1)

280 (16.5)

648 (38.2)

471 (27.8)

277 (16.3)

20 (1.2)

411 (24.2)

Burn severity (the highest degree of burn)

First degree or second degree

Third degree

Deep third degree

Unspecified degree

103 (6.1)

1,398 (82.5)

168 (9.9)

26 (1.5)

Total body surface area with any burn degree (highest level)

<10%

10%-19%

20%-29%

30%-39%

40%-49%

≥50%

Unknown

729 (43.0)

268 (15.8)

126 (7.4)

90 (5.3)

40 (2.4)

48 (2.8)

394 (23.2)

Total body surface area with third degree burn (highest level)

<10%

≥10%

Unknown

970 (57.2)

331 (19.5)

394 (23.2)

Common causes of burn-related visits†

Accident caused by hot substance or object, caustic material, and steam

Accident caused by fire and flames

Accident caused by other causes‡

Unknown (no external cause codes available)

149 (8.8)

188 (11.1)

193 (11.4)

1,241 (73.2)

Table 2. Burn-related clinical characteristics during index hospitalization for thermal burn 

patients who underwent inpatient autografting

ICD-9/10-CM = International Classification of Diseases, Ninth/Tenth Edition, Clinical Modification

*The sum across burn sites may be larger than the total number of patients because a patient could have more than one burn site identified during the index 

hospitalization.

†The cause of injury is determined by the External Cause of Injury and Poisoning/External Causes of Morbidity Codes, which supplement the ICD-9-CM/ICD-10-

CM diagnosis codes. These codes designate the cause of injury. Multiple codes may be present on a single hospital stay, but not all records for patients with burns 

included cause of injury codes.

‡Other causes include radiological procedure and radiotherapy, suicide, and self-inflicted injury by burns, fire, or other specified misadventures during 

medical care.

Healthcare Resource Utilization and Treatment Patterns (Table 3)

• For the index hospitalization for autografting, mean length of hospital stay (LOS) was 14.2 days (SD=18.8). Mean LOS 

increased with increases in %TBSA: <10% (7.8 days), 10%–19% (13.1 days), 20%–29% (21.1 days), and ≥30% TBSA 

(42.8 days).

• 65.2% of patients were admitted through the ED. 13.9% of patients had ≥1 burn-related hospitalization, and 33.2% of 

patients had burn-related outpatient ED visits during baseline (45 days before the index date).

• Treatment during the index hospitalization included various graft materials along with autografts: 14.0% had 

nonautologous/homograft/heterograft procedures, 31.0% had synthetic substitute procedures, and <0.6% had pedicle 

grafts or flaps procedures.

Table 3. Treatment patterns during index hospitalization and readmission for thermal burn 

patients who underwent inpatient autografting

No. (%)

N=1,695

Length of stay, mean (SD) 14.2 (18.8)

Skin graft/skin substitute procedures

Synthetic substitute

Nonautologous/homograft/heterograft

Pedicle grafts or flaps

526 (31.0)

238 (14.0)

<10 (<0.6)

Treatment during index hospitalization

Debridement of wound, infection, or burn

Physical therapy

Occupational therapy

Respiratory intubation and mechanical ventilation

Traction, splints, and other wound care

Psychotherapy 

Laser treatment

1,625 (95.9)

1,178 (69.5)

1,122 (66.2)

131 (7.7)

49 (2.9)

27 (1.6)

<10 (<0.6)

Medication of interest at discharge

Opioid analgesics

Antibiotics

Anxiolytics

Gabapentin/pregabalin

Antidepressants

Hypnotics 

Naltrexone

874 (51.6)

139 (8.2)

133 (7.8)

86 (5.1)

56 (3.3)

13 (0.8)

0 (0.0)

30-Day readmission

All-cause

Burn-related

110 (6.5)

74 (4.4)

Note: Data refer to No. (%) unless indicated otherwise.

Economic Burden (Table 4 and Table 5)

• Mean total all-cause costs (medical + pharmacy) of the index hospitalization were $138,129. Mean total all-cause 

medical costs of the index hospitalization were $138,046.

• Mean total all-cause medical costs during the index hospitalization increased with increases in %TBSA: <10% 

($60,455), 10%–19% ($121,305), 20%–29% ($236,200), and ≥30% ($513,525). 

• Mean total all-cause medical costs per day of the index hospitalization were $9,700. In general, medical costs per day 

increased with increases in %TBSA: <10% ($9,543), 10%–19% ($9,493), 20%–29% ($11,457), and ≥30% ($11,487). 

All-Cause

Mean (SD)

Burn-Related

Mean (SD)

Total cost $138,129 ($263,524) $137,345 ($263,229)

Total medical cost $138,046 ($263,499) $137,320 ($263,226)

Inpatient cost among all patients $133,613 ($260,552) $133,613 ($260,552)

Among patients with ≥1 inpatient hospitalization visit $133,613 ($260,552) $133,613 ($260,552)

Outpatient ED visits cost among all patients $197 ($899) $176 ($847)

Among patients with ≥1 outpatient ED visit $1,039 ($1,844) $996 ($1,805)

Physician office visits cost among all patients $14 ($66) $11 ($52)

Among patients with ≥1 physician office visit $165 ($158) $151 ($126)

Other outpatient services cost among all patients $4,137 ($10,953) $3,482 ($10,162)

Among patients with ≥1 other outpatient office visit $6,369 ($13,058) $6,609 ($13,245)

Physical therapy cost among all patients $2 ($47) $2 ($46)

Among patients with ≥1 physical therapy visit $279 ($428) $439 ($546)

Occupational therapy cost among all patients $2 ($34) $1 ($31)

Among patients with ≥1 occupational therapy visit $245 ($355) $416 ($557)

Skilled nursing facility cost among all patients $85 ($1,175) $39 ($640)

Among patients with ≥1 skilled nursing facility visit $6,834 ($8,274) $6,545 ($5,459)

Pharmacy prescription cost $83 ($815) $25 ($112)

Among patients with ≥1 pharmacy prescriptions $143 ($1,067) $45 ($149)

Table 4. Index hospitalization healthcare costs 

ED = emergency department

Table 5. Length of index hospital stay and medical cost stratified by % TBSA

TBSA No. (%)

Total All-Cause

Medical Cost

Length of Hospital 

Stay (days)

Total All Cause 

Medical Cost 

Per Day Per Patient

Mean (SD) Mean (SD) Mean (SD)

<10% 729 (56.0*) $60,445 ($68,000) 7.8 (6.8) $9,543 ($6,998)

10%-19% 268 (20.6*) $121,305 ($127,380) 13.1 (8.2) $9,493 ($6,108)

20%-29% 126 (9.7*) $236,200 ($344,599) 21.1 (16.6) $11,457 ($8,123)

30%->90% 178 (13.7*) $513,525 ($566,786) 42.8 (38.1) $11,487 ($7,020)

Unknown 394 $91,974 ($129,639) 11.7 (13.3) $8,755 ($5,911)

All patients 1,695 $138,046 ($263,499) 14.2 (18.8) $9,700 ($6,771)

TBSA = total body surface area. *Percent calculation is based on patients who had TBSA specified (N = 1,301).

Conclusions

• The economic burden of hospitalizations for thermal burn patients who were treated with autograft was 

substantial. 

• Various forms of post-burn injury treatment along with autografting were used during the index 

hospitalization, including debridement of the wound, infection, or burn, respiratory intubation and 

mechanical ventilation, and physical and/or occupational therapy.

• Some patients had burn-related HCRU before their first inpatient autografting. It is possible that those 

patients required some medical attention and then were sent home for a later hospitalization for 

autografting. 

• Consistent with previous studies,9 mean LOS and mean total medical costs increased as % TBSA 

affected by the burn injury increased in general.
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Abbreviations: CDHP = consumer-directed health plan, HMO = health maintenance organization, PPO = preferred provider organization, SD = standard deviation

*Other plan types include: basic/major medical, comprehensive, exclusive provider organization, point-of-service (with capitation and noncapitation), and high-deductible health plan

Note: Data refer to No. (%) unless indicated otherwise.

Limitations

• General inherent limitations of claims data applied such as coding errors or omissions, incomplete claims, and 

unobservable or unobserved factors not captured in claims that may have influenced the outcomes. 

• Although we identified % TBSA burned using ICD-9/10-CM diagnosis codes, we were not able to identify % TBSA 

grafted or % TBSA harvested using claims.

Healthcare Resource Utilization and Treatment Patterns (Table 3, cont’d)

• Various forms of post-burn injury treatment during the index hospitalization were used: 95.9% underwent debridement 

of their wound, infection, or burn; 69.5% received physical therapy; 66.2% received occupational therapy; and 7.7% 

required respiratory intubation and mechanical ventilation.

• Opioid use was prevalent (51.6%) at discharge date of the index hospitalization. During the 6-month evaluation period, 

opioid use continued to be high (59.1%).

• During 6-month evaluation period, 6.5% (n = 110) patients had all-cause 30-day readmission, 67.3% of which were 

burn-related.
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