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Effects of Delayed Wound Excision and Grafting
in Severely Burned Children
Wu Xiao-Wu, MD; David N. Herndon, MD; Marcus Spies, MD; Arthur P. Sanford, MD; Steven E. Wolf, MD

Hypothesis: Advances in burn treatment including
early excision of the wound have increased survival
in patients treated at specialized burn centers. We
hypothesized that the patients with delayed wound
excision and grafting would experience deleterious
outcomes.
Methods: From 1995 to 1999, 157 children with acute
burns covering 40% or more of total body surface area
and having more than 10% of full-thickness burns were
admitted to our institution within 2 weeks of injury.
Among them, 86, 42, and 29 patients underwent first operation on days 0 to 2, days 3 to 6, and days 7 to 14 after
burn, respectively. Outcomes observed were mortality,
number of operative procedures, length of hospitalization, blood transfused, incidence of wound bacterial
and fungal contamination, invasive wound infection,
and sepsis.
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Results: Demographic data for the groups showed no differences in sex or total body surface area burned. Mortality and number of operative procedures and blood transfusions were not different between groups. Hospitalizations
were longer in the delayed groups, which was associated
with a higher incidence of significant wound contamination (P=.008). Invasive wound infection also increased significantly with delay of excision (P⬍.001). An increased
incidence of sepsis was seen in patients with delayed wound
excision and grafting (P=.04).
Conclusions: Delays in excision were associated with
longer hospitalization and delayed wound closure, as well
as increased rates of invasive wound infection and sepsis. Our data indicate that early excision within 48 hours
is optimal for pediatric patients with massive burns.
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HE BURN wound is considered to be a major source of
inflammatory mediators,
which play an important
role in initiating and maintaining the postburn inflammatory response. The consequent acute-phase reaction, changes in vascular permeability,
alteration in the coagulation system, impairment of gut function, hypermetabolic
response, and immune depression are associated with the increased mortality and
morbidity after severe burns.1 A potential
solution to avert these deleterious changes
is to excise the wound before the response
is maximized. Early burn wound excision
and grafting, a surgical procedure performed to remove the burn wound eschar
and cover the exposed wound with autograft, allograft skin, or artificial skin substitutes, is considered routine management in the treatment of the severely burned
patients in most burn centers.1-3 When compared with conservative wound treatment
with serial debridement and delayed grafting, early wound excision and grafting was
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associated with decreased blood loss,4
diminished wound infections,5,6 and shortened hospital stay7,8 in patients with medium or severe burns. However, its contribution to improved survival in extensive
burns is debated.4,7-9
The most beneficial time point for
early excision and grafting remains controversial. Past studies have described early
excision to range from 24 hours to 7 days
after burn.4,8,10,11 Some studies questioned
the safety and potential adverse effects of
wound excision performed within 48 hours
of injury. Issues discussed include the potential removal of otherwise viable tissue
or, alternatively, incomplete excision of the
burn wound during the early excision procedure because of inaccurate evaluation of
the depth of the burn wound. These errors then could negatively influence the
beneficial effect of performing early excision in severely burned patients.12 To date,
the impressive clinical advantage of the early
excision has not allowed ethical conduct of
a prospective controlled clinical trial to investigate the optimal time point for early
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wound excision and graft in massive burns. We are left
with observational methods to determine the beneficial effects of early excision, and also to determine how early it
should be done to derive the benefits.
Optimal operative and perioperative conditions are
required to safely perform early total burn wound excision and grafting for the massive burn. This approach is
therefore limited to burn centers. Thus, the time of the
first surgical procedure will depend mostly on the time
to burn center referral. This study reviews pediatric patients with burns greater than 40% of total body surface
area (TBSA), referred to our burn center within 2 weeks
after injury, and undergoing total burn wound excision
within 48 hours of admission to our hospital. The intent of this study was to demonstrate different outcomes of relatively delayed wound excision and grafting compared with total burn wound excision and grafting
within 48 hours after injury.
PATIENTS AND METHODS
One hundred fifty-seven children (aged from 1 month to 16
years) with acute burns greater than 40% of TBSA and thirddegree burns greater than 10% of TBSA were admitted to Shriners Hospitals for Children at Galveston, Tex, between January 1, 1995, and December 31, 1999. The patients were excluded
if the first wound excision grafting procedure was performed
before admission, if the admission was later than 14 days after
injury, if trauma such as fracture or visceral injury was present in addition to burn and inhalation injury, or if the patients
underwent delayed resuscitation more than 24 hours after injury. Inhalation injury was identified by the presence of orofacial burns with the history of a closed-space injury, bronchoscopic evidence of soot and erythema, or blisters in the
trachea or bronchus.
All patients received conservative wound care with topical antimicrobial agents during the period before admission to
our institution. This included dressing with silver sulfadiazine cream applied once daily, and routine administration of
systemic antibiotics according to the wound bacterial culture.
Escharotomies were performed as needed before admission in
patients with circumferential burns to the extremities or trunk
at the referring hospital or en route to our hospital.
Patients were grouped into those admitted 0 to 2 days
(within 48 hours), 3 to 6 days, and 7 to 14 days after injury.
All patients originated from the southern United States, Mexico,
or Central and South America. Total or near-total burn wound
excision was performed within 24 hours of admission by tangential and/or fascial excision. The children were transported
primarily by ground or air, accompanied by a physician, nurse,
and respiratory therapist. All full-thickness burns were excised by 1 of 4 attending surgeons. Harvested autografts taken
at 0.01 in (0.254 mm) with an electric dermatome (Padgett Instruments, Inc, Kansas City, Mo) or air dermatome (Zimmer,
Inc, Warsaw, Ind) were meshed 4:1 with a mesher (Brennen
Medical, Inc, St Paul, Minn), and were covered with 2:1 meshed
cadaveric allograft (University of Texas Medical Branch Skin
Bank, Galveston) for massive injuries. Some autografts were
meshed 2:1 or 1:1 to maximize cosmetic outcomes where feasible. Meshed 2:1 cadaveric skin was used to cover all excised
areas for which no autograft was available. Donor sites on the
patients were covered with a sterile ointment dressing (Scarlet
Red; Sherwood Services AG, St Louis, Mo). All remaining seconddegree areas were covered with a mixture of half 1% silver sulfadiazine cream (Marion Merrill-Dow, Inc, Kansas City) and
half 1% nystatin ointment (Pharmatek Laboratories, Inc, San
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Diego, Calif). All patients underwent bronchoscopic examination at the first operation to identify inhalation injury.
Patients were returned to the operating room every 5 to
10 days for further autografting after donor sites had healed.
Broad-spectrum perioperative antibiotics were used in every case.
In grafting, the hands were covered with sheet grafts or 1:1 mesh
autograft without overlay. The face and neck were treated initially by application of a mixture of half 2% polymyxin B–bacitracin ointment (Burroughs Wellcome Co, Morris Plains, NJ)
and half 1% nystatin ointment, then covered with sheet graft
after separation of the eschar. Enteral nutrition was supplied
to meet predicted requirements (1500 kcal/m2 per day+1500
kcal/m2 burned per day). All patients with identifiable inhalation injury were treated with nebulized heparin sodium (100
units/kg per dose) and 20% acetylcysteine (Dey Laboratories,
Inc, Napa, Calif).13
All patients were treated by means of presumptive standard protocols for nutritional support, infection control, and
physiologic maintenance. Systemic antibiotics were routinely
given perioperatively and once clinical evidence of infection
and sepsis was apparent. Sepsis was defined after the patient
met at least 4 of the following criteria: (1) body temperature
greater than 38.5°C or less than 36.5°C; (2) respiratory rate
greater than 30/min; (3) heart rate greater than 120 beats/min;
(4) serum glucose level greater than 150 mg/dL (8.3 mmol/L);
(5) thrombocytopenia with blood platelet count less than
100⫻103/µL; (6) white blood cell count greater than 15000/µL
or less than 5000/µL; (7) volume of nasogastric residual greater
than 200 mL/h; (8) wound biopsy with bacterial counts equal
to or greater than 105/g of tissue, and (9) confirmed evidence
of pneumonia, urinary tract infection, or closed abscess. Wound
infection was defined as wound culture with a quantitative
bacterial count greater than 105/mL of tissue. Invasive wound
infection was defined by the histologic finding of bacterial
invasion into viable tissue.
Outcome measurements were mortality rate, amount of
blood transfused, number of operations for wound closure,
length of hospital stay, quantitative bacterial wound counts, invasive wound infection, incidence of sepsis, and complications such as adult respiratory distress syndrome and pneumonia during the hospital course. Pneumonia was diagnosed
by fever and defined infiltrate on chest radiography. Adult respiratory distress syndrome was defined by a ratio of arterial oxygen pressure to fraction of inspired oxygen of less than 200,
infiltrate in 5 lobes on chest radiography, and a pulmonary artery wedge pressure of 18 mm Hg or less (American-European
Consensus Conference).14
Data are expressed as mean±SEM, except when specifically mentioned. One-way analysis of variance followed by Tukey
test for pairwise comparison and 2 or Fisher exact test were
used where appropriate. Differences were considered significant at P⬍.05.
RESULTS

Demographic data are listed in Table 1. Total burn size,
third-degree burn size, and incidence of inhalation injury were not significantly different between groups. Age,
however, was significantly greater in patients admitted
3 to 6 days after injury. There were no significant differences in resuscitation time, heart rates, respiratory rates,
and blood pressures among the groups in the initial stage
of the burn injury.
Mortality is presented in Table 2. No significant
differences were found between groups for overall mortality. Mortality rate of the patients with inhalation inWWW.ARCHSURG.COM

©2002 American Medical Association. All rights reserved.
Downloaded From: http://archsurg.jamanetwork.com/ on 05/05/2015

tients in both the day 3 to 6 and day 7 to 14 groups; however, the difference was not significant between these 2
groups (Figure 3).
No significant differences were found between groups
for pulmonary complications, such as adult respiratory
distress syndrome, pulmonary edema, and pneumonia
(Table 4).
COMMENT

Early wound excision and grafting is considered the
standard surgical approach in the management of
severe burns, but the optimal time of early excision for
severely burned children is still controversial. In this
study, we reviewed data from 157 severely burned children with TBSA greater than 40% and third-degree
50
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jury was increased in all groups, without differences between groups. The average postburn time of death in the
day 0 to 2 group was 5.7 ± 1.3 days, which was significantly earlier than that of the day 3 to 6 (34.5 ±1.5 days;
P⬍.001) and day 7 to 14 (33.3±12.6 days; P=.001) groups
(Figure 1). All patients who died in the day 3 to 6 and
day 7 to 14 groups were diagnosed as having sepsis followed by multiple organ failure. Three of 13 patients died
of sepsis in the early excision group. Other causes of death
in the day 0 to 2 group were pulmonary complications
(n=5), burn shock and renal failure (n=2), cerebral edema
(n=2), and cardiac arrest (n = 1).
Table 3 shows data for blood transfusion requirements during the first excision procedure (expressed as
milliliters of blood transfused per squared centimeter
excised), total blood requirement during hospitalization,
the number of operative procedures, the length of hospital stay at our institution only (expressed as days per
percentage of TBSA), and total length of hospital stay
including the days before referral in survivors. No significant differences were found between groups for
blood transfusions, number of operative procedures, and
length of hospital stay at our institution. However, the
total length of hospital stay in the day 7 to 14 group was
significantly increased when compared with the day 0 to
2 group.
The incidence of significant wound bacterial or fungal contamination and invasive wound bacterial or fungal infection was 3 and 4 times increased in patients in
the day 3 to 6 and day 7 to 14 groups, respectively, compared with the patients in the day 0 to 2 group (Figure 2).
Similarly, the incidence of sepsis was increased in pa-
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Figure 1. Postburn days of death. The average postburn time of the death in
the day 0-2 group was significantly earlier than that of the day 3-6 (P⬍.001)
and day 7-14 (P = .001) groups.

Table 1. Age, Sex, Burn Size, and Inhalation Injury
in the Day 0-2, Day 3-6, and Day 7-14 Groups
Table 3. Comparison of Operative Data Between Groups*

Sex, No. (%)
Male
Female
Age, mean ± SD, y
Burn area, mean ± SD,
% TBSA†
Third-degree burn,
mean ± SD, %
Inhalation injury, No. (%)

Day 0-2
Group
(n = 86)

Day 3-6
Group
(n = 42)

Day 7-14
Group
(n = 29)

54 (62.8)
32 (37.2)
5.4 ± 4.7
62.2 ± 17.5

23 (54.8)
19 (45.2)
8.5 ± 5.0*
60.3 ± 15.4

20 (69.0)
9 (31.0)
5.5 ± 3.7
59.8 ± 16.6

43.8 ± 30.2

40.0 ± 24.7

38.2 ± 26.2

44 (51.2)

19 (45.2)

10 (34.5)

*P⬍.01 vs day 0-2 and day 7-14 groups.
†TBSA indicates total body surface area.

First BT†
TBT†
NOP
HS‡
THS‡

Day 0-2 Group
(n = 73)

Day 3-6 Group
(n = 38)

Day 7-14 Group
(n = 26)

0.45 ± 0.06
1.83 ± 0.2
4.15 ± 0.2
0.65 ± 0.03
0.66 ± 0.03

0.47 ± 0.04
1.97 ± 0.3
4.42 ± 0.6
0.65 ± 0.07
0.71 ± 0.07

0.42 ± 0.07
1.67 ± 0.2
3.46 ± 0.3
0.64 ± 0.05
0.79 ± 0.06§

*Data are given as mean ± SEM. BT indicates blood transfusion; TBT, total
blood transfusion; NOP, number of operative procedures; HS, hospitalized
stay at our institution only; and THS, total length of hospital stay.
†In milliliters per squared centimeter of total body surface area.
‡Days per percentage of total body surface area.
§P⬍.05 between day 7-14 group and day 0-2 group.

Table 2. Comparison of Total Mortality in Patients With or Without Inhalation Injury
Day 0-2 Group

Total
Without inhalation injury
With inhalation injury

Day 3-6 Group

Day 7-14 Group

No.

Death, No. (%)

No.

Death, No. (%)

No.

Death, No. (%)

86
42
44

13 (15.1)
2 (4.8)
11 (25.0)*

42
23
19

4 (9.5)
0
4 (21.0)†

29
19
10

3 (10.3)
0
3 (30.0)†

*P⬍.01 between groups with and without inhalation injury.
†P⬍.05 between groups with and without inhalation injury (Fisher test).
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Day 0-2 Group Day 3-6 Group Day 7-14 Group
7 (8.1)
13 (15.1)
33 (38.4)

8 (19.0)
9 (21.4)
18 (42.9)

3 (10.3)
4 (13.8)
12 (41.4)

‡

*ARDS indicates adult respiratory distress syndrome. There were no
significant differences between groups.
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Figure 2. Percentage of patients with wound contamination or invasive
wound infection. The incidence of significant wound bacterial or fungal
contamination and invasive wound bacterial or fungal infection was
significantly increased in patients in the day 3-6 and day 7-14 groups
compared with the patients in the day 0-2 group (asterisk and double
dagger, P⬍.01 and P⬍.05, respectively, between day 0-2 and day 3-6
groups; dagger and section mark, P⬍.01 and P⬍.05, respectively,
between day 0-2 and day 7-14 groups).
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Figure 3. Percentage of patients with sepsis. The incidence of sepsis was
significantly increased in patients in both the day 3-6 and day 7-14 groups
compared with those in the day 0-2 group (P⬍.05). The difference was not
significant between the day 3-6 and day 7-14 groups (P=.05).

burn greater than 10%, and compared outcomes for
burned children who underwent first wound excision
grafting within 48 hours, 3 to 6 days, and 7 to 14 days.
The results showed that primary wound excision more
than 48 hours after injury significantly increased the incidence of wound bacterial and fungal contamination,
invasive wound infection, and sepsis compared with the
patients who underwent early wound excision and
grafting within 48 hours after injury. However, mortality, postburn pulmonary complications, the amount of
blood transfused at the first operation and during the
whole hospitalization, the number of operations for
complete wound closure, and the length of hospitalization after referral were not different among these severely burned children. It was only with the addition of
time spent at the referring hospital that differences between groups became apparent for total length of time
to complete wound closure and discharge from any
hospital. Nonetheless, total hospitalization time was
significantly increased with increasing time to wound
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excision, arguing for a course of immediate excision
(within 48 hours of injury) to improve this outcome.
Mortality and outcome after severe burns is influenced by several variables. In a previous study, our group
identified increasing burn size and concomitant inhalation injury as 2 major factors in the prediction of the mortality in severely burned children.15,16 In the current study,
total mortality was not significantly different between
patients undergoing total burn wound excision and grafting at an early time point within 48 hours, delayed to
within 3 to 6 days, or later than 7 days after burn. Mortality was again significantly higher with presence of inhalation injury, suggesting that early wound excision and
grafting within 48 hours does not specifically improve
survival (as we expected) in severely burned pediatric patients concomitant with inhalation injury compared with
relatively late wound excision.
In our patient population, no significant increase in
postburn pulmonary complications, including adult respiratory distress syndrome, pulmonary edema, and pneumonia, was found by comparing different time points of
excision and grafting. Immediate postburn wound excision had been shown in an animal study to increase pulmonary leukosequestration compared with the burn injury alone,17 which is evidence that patients with very early
excision might undergo an extra injury beyond the burn
itself. In this study, we found that 5 patients (38.5% of the
13 who died) died of postoperative pulmonary complications, which may counter any benefits from immediate excision such that the 2 effects cancel each other, to result
in no significant difference from relatively delayed excision in terms of pulmonary morbidity and mortality.
The average time of death in the day 0 to 2 group
was within the first week (5.7±1.3 days), and that of the
patients in the day 3 to 6 and day 7 to 14 groups was later
than 4 weeks (34.5±5.5 and 33.3±12.6 days, respectively).
This suggests that an early surgical approach within 48
hours could be an additional associated risk or, alternatively, that the patients in this group were influenced by
the early insult of massive burn shock. However, patients in the day 3 to 6 and day 7 to 14 groups who were
transferred to our hospital were those who survived beyond the initial period in those 2 groups. This might provide a potential source of bias favoring the later excision
group to apparently decrease mortality in the day 3 to 6
and day 7 to 14 groups by excluding those who died before referral. Thus, in our opinion, the addition of these
nonsurvivors to the analysis would likely have disclosed a benefit of excision within 48 hours. The amount
of blood transfused during operations and throughout
WWW.ARCHSURG.COM
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the hospitalization is determined by the amount required to maintain hemodynamic stability during the operation and prevent anemia. The blood requirement in
the first operation of delayed wound excision is directly
dependent on the blood loss at the wound and donor sites;
however, in the early wound excision procedure, the
amount of intravascular leakage into the interstitial space
will be considered concomitantly. Our previous study
showed that blood loss was significantly decreased in patients with TBSA greater than 30% when the first surgical procedure was performed within 24 hours of injury,
compared with those who underwent the operation
between 2 and 16 days, which was considered to be associated with the vessel constriction during the first 24
hours of burns.4 We recently confirmed these results in
a large study using regression techniques.18 However, in
this study, no significant difference in blood transfusion
was found in the patients who had undergone relatively
delayed wound excision compared with those with early
wound excision. A potential explanation is that the power
of this study was not sufficient to reach statistical significance. Refinement of excision techniques to minimize blood loss between the course of these studies could
also explain the differences.
In this study, the surgical procedure was performed by using tangential or fascial excision to remove
burn eschar. The wounds were then immediately covered with widely expanded meshed autograft overlaid with
less expanded allograft, standard meshed autograft, or
different kinds of biological or artificial skin substitutes. The removal of the burn eschar immediately by early
wound excision and grafting potentially breaks the source
of wound infection, and reestablishment of the skin barrier by wound coverage potentially improves burninduced diminished immune response to prevent the further bacterial or fungal infection.19-22 In this study, we
definitively showed that delayed wound excision causes
not only significantly more wound bacterial and fungal
contamination, but also a higher incidence of invasive
wound infection than that seen with early excision within
48 hours. Leaving devitalized tissue on the wound not
only allowed increased bacterial and fungal colonization, but also induced increased bacterial and fungal invasion into subcutaneous viable tissue. This could be associated with impairment of the host immune defense
system induced by the remaining burn wound, or facility of the induction of other routes of bacterial invasion,
such as bacterial translocation.23 The increased incidence of invasive bacterial and fungal infection into the
viable tissue is likely to be the major cause of the increasing incidence of sepsis in the day 3 to 6 and day 7 to 14
groups. The patients in the day 3 to 6 group were 5 times
more likely to develop significant wound infections and
2 times more likely to develop clinical sepsis, which suggests that the optimal time for early excision is within
48 hours of injury to avoid these complications. In this
study, we used a definition of sepsis tailored specifically
for burns.24 Some cases were defined without a positive
histologic finding of bacterial and fungal invasion into
viable tissue or blood culture, but with such clinical criteria as the occurrence of hyperglycemia, thrombocytopenia, and enteric feeding intolerance. Bacteremia was
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detected only rarely. Thus, this clinical diagnosis of sepsis could be associated with the inflammatory mediator
and endotoxin.25,26 We did not measure metabolic variables in this study; however, according to a previous study
by our group,24 we suspect that patients in the delayed
wound excision group are subject to much more hypermetabolism and catabolism than those with early wound
excision. This might be, at least in part, associated with
the higher incidence of sepsis and invasive wound infection in the delayed wound excision group. As we previously showed that sepsis was associated with increased hypermetabolism, this further argues for early
excision to minimize metabolic complications after severe burn. All patients who died in the day 3 to 6 and
day 7 to 14 groups were diagnosed as having sepsis followed by multiple organ failure; however, only 3 of 13
patients died of sepsis in the early excision group. This
suggests that invasive bacterial and fungal wound infection and an increase in the risk of sepsis are major factors accounting for mortality in patients with delayed
wound excision.
Although we did not show that increased incidence of significant wound contamination and sepsis directly influences mortality, length of hospitalization, blood
transfusions, or the number of operative procedures to
complete wound closure, we did find that the total length
of hospital stay, including the days before referral, was
significantly longer in the day 7 to 14 group than in the
day 0 to 2 group. This implies that delayed wound excision only increased the time to complete wound closure, suggesting a benefit to the performance of immediate wound excision in massive burns.
From the present data, we conclude that, under
the current management of extensive pediatric burns
including sufficient resuscitation, early initiation of nutritional support, infection control, biological wound
covering, and modulation of the hypermetabolic response, total or near-total burn wound excision within
48 hours after burns is feasible and beneficial in terms
of length of hospitalization and the development of
wound complications, but this may have no influence
on survival. It should be emphasized that early referral
to a burn center is of high priority. This allows early
total burn wound excision and thus may reduce the risk
of secondary infection.
This study was presented at the 21st Annual Meeting of the
Surgical Infection Society, Snowbird, Utah, May 3, 2001.
Corresponding author and reprints: Steven E. Wolf, MD,
Shriners Hospitals for Children, 815 Market St, Galveston, TX 77550 (e-mail: swolf@utmb.edu).
REFERENCES
1. Nguyen TT, Gilpin DA, Meyer NA, Herndon DN. Current treatment of severely burned
patients. Ann Surg. 1996;223:14-25.
2. Shirani KZ, Vaughan GM, Mason AD Jr, Pruitt BA Jr. Update on current therapeutic approaches in burns. Shock. 1996;5:4-16.
3. Baxter CR. Management of burn wounds. Dermatol Clin. 1993;11:709-714.
4. Desai MH, Herndon DN, Broemeling L, Barrow RE, Nichols RJ Jr, Rutan RL. Early
burn wound excision significantly reduces blood loss. Ann Surg. 1990;211:753762.
5. Tompkins RG, Burke JF, Schoenfeld DA, et al. Prompt eschar excision: a treat-

WWW.ARCHSURG.COM

©2002 American Medical Association. All rights reserved.
Downloaded From: http://archsurg.jamanetwork.com/ on 05/05/2015

6.
7.

8.
9.
10.
11.
12.
13.

14.

15.

16.

ment system contributing to reduced burn mortality: a statistical evaluation of
burn care at the Massachusetts General Hospital (1974-1984). Ann Surg. 1986;
204:272-281.
Peck MD, Heimbach DM. Does early excision of burn wounds change the pattern of mortality? J Burn Care Rehabil. 1989;10:7-10.
Herndon DN, Parks DN. Comparison of serial debridement and autographing and
early massive excision with cadaver skin overlay in the treatment of large burns
in children. J Trauma. 1986;26:149-152.
Pietsch JB, Netscher DT, Nagaraj HS, Groff DB. Early excision of major burns in
children: effect on morbidity and mortality. J Pediatr Surg. 1985;20:754-757.
Peck MD, Heimbach DM. Does early excision of burn wounds change the pattern of mortality? J Burn Care Rehabil. 1989;10:7-10.
Irei M, Abston S, Bonds E, Rutan T, Desai M, Herndon DN. The optimal time for
excision of scald burns in toddlers. J Burn Care Rehabil. 1986;7:508-510.
Demling RH. Improved survival after massive burns. J Trauma. 1983;23:179184.
Desai MH, Rutan RL, Herndon DN. Conservative treatment of scald burns is superior to early excision. J Burn Care Rehabil. 1991;12:482-484.
Desai MH, Mlcak R, Richardson J, Nichols R, Herndon DN. Reduction in mortality in pediatric patients with inhalation injury with aerosolized heparin/Nacetylcystine therapy [published correction appears in J Burn Care Rehabil.
1999;20(1, pt 1):49]. J Burn Care Rehabil. 1998;19:210-212.
Bernard GR, Artigas A, Brigham KL, et al. American-European Consensus Conference on ARDS: definition, mechanisms, relevant outcomes, and clinical trial
coordination. Am J Respir Crit Care Med. 1994;149:818-824.
Herndon DN, Gore D, Cole M, et al. Determinants of mortality in pediatric patients with greater than 70% full-thickness total body surface area thermal injury treated by early total excision and grafting. J Trauma. 1987;27:208-212.
Wolf SE, Rose JK, Desai MH, Mileski JP, Barrow RE, Herndon DN. Mortality de-

17.

18.
19.

20.

21.

22.

23.
24.
25.

26.

terminants in massive pediatric burns: an analysis of 103 children with ⱖ80%
TBSA burns (ⱖ70% full-thickness). Ann Surg. 1997;225:554-569.
Rennekampff OH, Hansbrough JF, Tenenhaus M, Kiessig V, Yi ES. Effects of early
and delayed wound excision on pulmonary leukosequestration and neutrophil
respiratory burst activity in burned mice. Surgery. 1995;118:884-892.
Hart DW, Wolf SE, Beauford RB, Lal SO, Chinkes DL, Herndon DN. Determinants of blood loss during primary burn excision. Surgery. 2001;130:396-402.
Hultman CS, Yamamoto H, deSerres S, Frelinger JA, Meyer AA. Early but not
late burn wound excision partially restores viral-specific T lymphocyte cytotoxicity. J Trauma. 1997;43:441-447.
Yamamoto H, Siltharm S, deSerres S, Hultman CS, Meyer AA. Immediate burn
wound excision restores antibody synthesis to bacterial antigen. J Surg Res. 1996;
63:157-162.
Hultman CS, Cairns BA, deSerres S, Frelinger JA, Meyer AA. Early, complete burn
wound excision partially restores cytotoxic T lymphocyte function. Surgery. 1995;
118:421-430.
Cetinkale O, Ulualp KM, Ayan F, Duren M, Cizmeci O, Pusane A. Early wound
excision and skin grafting restores cellular immunity after severe burn trauma.
Br J Surg. 1993;80:1296-1298.
Baron P, Traber LD, Traber DL, et al. Gut failure and translocation following burn
and sepsis. J Surg Res. 1994;57:197-204.
Hart DW, Wolf SE, Chinkes DL, et al. Determinants of skeletal muscle catabolism after severe burn. Ann Surg. 2000;232:455-465.
Wu JZ, Ogle CK, Mao JX, Szczur K, Fischer JE, Ogle JD. The increased potential
for the production of inflammatory cytokines by Kupffer cells and splenic macrophages eight days after thermal injury. Inflammation. 1995;19:529-541.
Yamada Y, Endo S, Inada K. Plasma cytokine levels in patients with severe burn
injury—with reference to the relationship between infection and prognosis. Burn.
1996;22:587-593.

IN OTHER AMA JOURNALS
ARCHIVES OF INTERNAL MEDICINE
Association of Tobacco Smoking With Goiter in a Low-Iodine-Intake Area
Nils Knudsen, MD, PhD; Inge Bülow, MD; Peter Laurberg, MD, MDSci;
Lars Ovesen, MD; Hans Perrild, MD; Torben Jørgensen, MD, MDSci
Background: Goiter development depends on genetic and environmental factors. The major environmental factor is iodine
intake, whereas diverging results have been published concerning the association between smoking and goiter.
Methods: A comparable, cross-sectional study was performed of patients from 2 areas in Denmark with mild and moderate
iodine deficiency. A random sample of women and men in selected age groups from the general community was investigated; 4649 subjects participated. Smoking habits were investigated with questionnaires and interviews. Ultrasonography
and clinical examination of the thyroid were performed, serum thyroglobulin was measured, and iodine concentration in
spot urine samples was analyzed. Data were analyzed in linear models and logistic regression analyses.
Results: Serum thyroglobulin level and thyroid volume at ultrasonography were positively associated with smoking habits
(P⬍.001); the association was stronger in the area with the lowest iodine intake (interaction: P⬍.001 for thyroglobulin, P=.04
for thyroid volume). A positive association with smoking was also found for thyroid enlargement (odds ratio, 2.9; 95% confidence interval, 2.2-3.7) and palpable goiter (odds ratio, 3.1; 95% confidence interval, 1.6-5.8). Ex-smokers had a goiter
prevalence close to that of never smokers. The fraction of goiter cases attributable to smoking was 49% (95% confidence
interval, 29%-65%).
Conclusions: Thyroid volume and goiter prevalence were closely associated with smoking habits, with the strongest association being found in the area with the most pronounced iodine deficiency. This may have implications for future goiter
prevalences in Third World countries, with their increasing use of tobacco. Half of goiter cases in this population could be
ascribed to smoking. (2002;162:439-443 )
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