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BSTRACT

 

Background

 

Over the past 20 years, there has
been remarkable improvement in the chances of sur-
vival of patients treated in burn centers. A simple,
accurate system for objectively estimating the prob-
ability of death would be useful in counseling pa-
tients and making medical decisions.

 

Methods

 

We conducted a retrospective review of
all 1665 patients with acute burn injuries admitted
from 1990 to 1994 to Massachusetts General Hospi-
tal and the Shriners Burns Institute in Boston. Using
logistic-regression analysis, we developed probabili-
ty estimates for the prediction of mortality based on
a minimal set of well-defined variables. The resulting
mortality formula was used to determine whether
changes in mortality have occurred since 1984, and
it was tested prospectively on all 530 patients with
acute burn injuries admitted in 1995 or 1996.

 

Results

 

Of the 1665 patients (mean [

 

�

 

SD] age,
21

 

�

 

20 years; mean burn size, 14

 

�

 

20 percent of body-
surface area), 1598 (96 percent) lived to discharge.
The mean length of stay was 21

 

�

 

29 days. Three risk
factors for death were identified: age greater than 60
years, more than 40 percent of body-surface area
burned, and inhalation injury. The mortality formula
we developed predicts 0.3 percent, 3 percent, 33 per-
cent, or approximately 90 percent mortality, depend-
ing on whether zero, one, two, or three risk factors
are present. The results of the prospective test of the
formula were similar. A large increase in the pro-
portion of patients who chose not to be resuscitated
complicated comparisons of mortality over time.

 

Conclusions

 

The probability of death after burns
is low and can be predicted soon after injury on the
basis of simple, objective clinical criteria. (N Engl J
Med 1998;338:362-6.)
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CCURATE, objective estimates of the
probability of death from burn injuries
would, as envisioned by Knaus et al.,
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provide clinicians with an explicit basis for
clinical decisions, help them understand the relative
contributions of specific prognostic criteria, and re-
duce reliance on clinical intuition. These estimates
would also be useful to patients and to others mak-
ing medical and financial decisions about their care.
The most widely used formulas for the prediction of
mortality from burns are based on a minimal set of
easily obtained variables. A classic example
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 calculat-
ed the percent likelihood of mortality as the patient’s

A

 

age in years plus the percentage of the body-surface
area that was burned. This formula, which was use-
ful for triage and early assessment of outcome
because it was easily remembered and applied, has
become obsolete because of the remarkable im-
provement in survival rates in major burn centers in
the past 20 years.
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 In contrast, more recent formulas
have limited clinical use because they are difficult to
remember or apply or they require more sophisticat-
ed clinical variables.

 

3-6

 

In this study we examined data on mortality and
length of stay among patients with burns who were
treated in two centers from 1990 to 1996. We then
developed estimates of the probability of death and
length of stay based on information available on ad-
mission. The goal was to develop simple, objective
probability estimates, thereby reducing reliance on
subjective estimates of outcome.

 

METHODS

 

We retrospectively reviewed the records of all 1665 patients
with acute burn injuries admitted to the Shriners Burns Institute,
Boston, and Massachusetts General Hospital from 1990 to 1994.
Information collected included age, sex, admission and discharge
dates, length of stay, extent of burn (sum of the extent of second-
and third-degree burns), type of burn, presence or absence of in-
halation injury, need for escharotomy, and mortality. Burn types
were classified as flame, scald, contact, chemical, electrical, and
other (e.g., radiation). Inhalation injury was considered present if
the fire had occurred in a closed space, if bronchoscopy on ad-
mission found soot below the level of the vocal cords, or if the
blood carboxyhemoglobin concentration was elevated on admis-
sion. We included all patients in the study who died before dis-
charge, including those who died within 72 hours after admission
(defined as early death), those for whom there were do-not-
resuscitate orders, those who died while in a persistent vegetative
state, and those who died of causes other than burns. Permission
for record review was obtained from the Subcommittee for
Human Studies at Massachusetts General Hospital.

Stepwise logistic-regression analysis was performed with for-
ward selection for evaluation of risk factors for death. Age, sex,
presence or absence of inhalation injury, need for escharotomy,
year of admission, and type and extent of burn were used as mor-
tality and length-of-stay covariates. Age and burn size were coded
by a method that allowed the data to dictate how many age and
burn-size classifications were necessary.
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 Regression analysis was
used for length of stay of survivors. The resulting models were
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simplified to use as few variables as possible on the basis of statis-
tical judgment justified by the data to predict risk. The mortality
model was tested prospectively by application to data for patients
admitted in 1995 or 1996.

Changes in mortality rates over the past decade were assessed
by entering the data for 1990 to 1994 into a formula developed
for estimates of the probability of death from burns based on
1984 data.
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Values are reported as means 

 

�

 

SD. Comparisons were made by
Student’s t-test. Confidence intervals were calculated for estimat-
ed probabilities from the logistic model.

 

RESULTS

 

Of the 1665 patients (910 children and 755
adults), 1143 (69 percent) were male and 522 (31
percent) were female, with a mean age of 21

 

�

 

20
years (range, 1 month to 99 years). The mean burn
size was 14

 

�

 

20 percent of body-surface area. Two
hundred forty-four patients (15 percent) had inha-
lation injury, and 131 (8 percent) required escharot-
omy. Treatment consisted of initial fluid resuscita-
tion, early excision and grafting of burn wounds,
topical antimicrobial therapy, and critical care sup-
port by a multidisciplinary team.
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The mean length of the hospital stay was 21

 

�

 

29
days. Of the 1665 patients, 1598 (96 percent) lived
to discharge. Sixty-seven patients died (4 percent);
22 of these (33 percent) had multiple-organ-system
failure, and 13 (19 percent) had early deaths. Twen-
ty-two of the 67 patients (33 percent) had do-not-
resuscitate orders, 5 (7 percent) died with a diagno-
sis of persistent vegetative state, and 5 (7 percent)
died of non–burn-related causes. To our knowledge,
only 2 of the 1598 patients who lived to discharge
(0.1 percent) died within three months after dis-
charge, both of underlying disease processes unrelat-
ed to the burn injury. These patients were consid-
ered survivors for the purposes of this study.

 

A Model for Estimating the Probability of Death

 

Sex, admission and discharge dates, type of burn,
and need for escharotomy were not significantly as-
sociated with mortality. The identified risk factors
for death were an age greater than 60 years, a burn
covering more than 40 percent of body-surface area,
and inhalation injury. Table 1 shows the distribution
of patients according to these risk factors and actual
mortality. 

Table 2 condenses these data and shows that the
presence of any one or two risk factors had a similar
effect on mortality, allowing greater simplification of
the mortality model. When the number of risk fac-
tors was used as a single covariate, no individual fac-
tor remained significant except an age of more than
90 years. Only four patients were older than 90;
three of them had do-not-resuscitate orders. This
model is described by equation 1:

 

logit

 

��

 

5.89

 

�

 

2.58n,

 

where n is the number of risk factors and logit is the
natural logarithm of the ratio of the probability of
dying to the probability of living. The frequency of
these three factors and the actual mortality and esti-
mated probability of death based on this model are
shown in Table 3. 

With this model, mortality estimates can be easily
remembered according to a simple clinical rule. When
burn size of more than 40 percent of body-surface
area, age greater than 60 years, and presence of in-
halation injury are taken as risk factors, patient mor-
tality is 0.3 percent with no risk factors, 3 percent
with one risk factor, 33 percent with two risk factors,
and approximately 90 percent with all three risk fac-
tors. This rule is applicable to all patients younger
than 90.
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0–10 11–20 21–30 31–40 41–50 51–60 61–70 71–80 81–90 91–100

 

percent mortality (number of patients at risk)

 

No inhalation injury
0 –20
21–40
41–60
61–80
81–100

0 (642)
0 (46)
0 (8)

33 (3)
0 (1)

0 (160)
0 (11)
0 (7)
0 (1)

—

1 (162)
0 (17)
0 (4)
0 (1)

—

1 (139)
0 (7)

—
—
—

1 (87)
0 (6)
0 (3)

—
0 (1)

0 (36)
0 (2)
0 (1)
0 (1)
—

0 (32)
0 (6)
—
—
—

0 (18)
0 (2)
0 (1)
—
—

8 (13)
100 (1)

—
—
—

100 (2)
—
—
—
—

Inhalation injury
0 –20
21–40
41–60
61–80
81–100

0 (17)
0 (12)

14 (14)
33 (3)
38 (8)

0 (10)
25 (4)
0 (7)

20 (5)
38 (8)

0 (11)
0 (11)

50 (4)
—

0 (1)

0 (13)
15 (13)
20 (5)

0 (3)
0 (2)

33 (3)
0 (13)

50 (6)
75 (4)

0 (3)

50 (2)
0 (3)

50 (2)
—

33 (3)

67 (3)
17 (6)

100 (3)
100 (1)

80 (5)

0 (4)
63 (8)
80 (5)

100 (2)
100 (2)

0 (2)
43 (7)

100 (2)
100 (1)
100 (1)

100 (1)
—

100 (1)
—
—
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Prospective Evaluation of Model

 

A total of 530 patients with burns were admitted
during 1995 and 1996. Their mean age was 25

 

�

 

23
years, their mean burn size was 13

 

�

 

16 percent of
body-surface area, and 13 percent had inhalation in-
jury. Thirty-two of the 530 patients (6 percent)
died. The mortality rates were 0.7 percent, 14 per-
cent, 39 percent, and 90 percent for patients with
zero, one, two, and three risk factors, respectively,
percentages similar to those predicted by equation 1.

 

Assessment of Changes in Mortality from the 1980s 
to the 1990s

 

The development of a model for estimating the
probability of death from burns permits comparison
of the probability estimates over time. The log of
the odds of death (logit) was found previously
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 to
be described by equation 2:

 

logit
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7.37
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,

 

where age is the patient’s age in years and year is the
year of admission. Mortality decreased from 1974
to 1984. To test whether mortality decreased after

1984, the probability of mortality for each risk group
in the period from 1990 to 1994 was estimated with
equation 2 (with year set at 1984). The observed
mortality was not significantly different from the ex-
pected mortality, indicating that mortality had not
changed since 1984. Equations 1 and 2 functioned
similarly as predictors. 

In the previous study,
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 early deaths (14 of 1103
patients, or 1.3 percent) and 1 death in a patient
with a do-not-resuscitate order were excluded, and
patients in a persistent vegetative state were not con-
sidered. In 1990 to 1994, the analysis included pa-
tients with early deaths (13 of 1665 patients, or 0.8
percent) and those who died while under a do-not-
resuscitate order or in a persistent vegetative state
(27 patients, or 1.6 percent). If these patients are ex-
cluded, the overall difference in mortality between
the decades remains similar.

 

Analysis of Choice of Do-Not-Resuscitate Treatment Plan

 

There was a 12-fold increase in the percentage of
patients with do-not-resuscitate orders between the
period from 1975 to 1984
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 and the period from
1990 to 1994 (from 0.1 percent to 1.3 percent); all
these patients died. In 1995 and 1996, this percent-
age increased again; 12 of 530 patients (2.3 percent)
chose not to be resuscitated, 1 of whom survived.
We asked whether there were characteristics that led
to the decision not to resuscitate. 

Equation 2 predicted that 37 patients in the peri-
od from 1990 to 1994 had an intermediate risk of
death (40 to 80 percent). Among them, 11 patients
(30 percent) had do-not-resuscitate orders, all of
whom died, and 26 patients (70 percent) had orders
to resuscitate. Among the patients for whom resus-
citation was ordered, there were five deaths from
multiple-organ-system failure, two early deaths, and
one death from cardiac arrhythmia. There were 18
survivors (69 percent of those resuscitated). 

The average age of the patients with do-not-resus-

 

*A minus sign indicates that the risk factor is not present, and a plus sign that the risk factor is
present.
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1314 3 0.2
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112 5 4

1

 

� � � 31 1 3

1 � � � 75 4 5

2 � � � 79 21 27

2 � � � 31 12 39

2 � � � 1 0 0

3 � � � 22 21 95

*CI denotes confidence interval.

TABLE 3. ACTUAL AND ESTIMATED MORTALITY FROM 
BURNS ACCORDING TO THE NUMBER OF RISK FACTORS.

NO. OF RISK 
FACTORS

NO. OF

PATIENTS

NO. OF

DEATHS

ESTIMATED

NO. OF

DEATHS

ACTUAL 
MORTALITY

ESTIMATED 
MORTALITY 
(90% CI)*

percent

0 1314 3 3 0.2 0.3 (0.1–0.6)

1 218 10 8 5 3  (2–5)

2 111 33 37 30 33  (26–41)

3 22 21 19 95 87  (78–93)
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citate orders (78�10 years) and their burn size
(43�27 percent of body-surface area) were not sig-
nificantly different from those of the resuscitated pa-
tients (67�15 years and 58�31 percent of body-
surface area). Eighty-two percent of the patients
with do-not-resuscitate orders had inhalation injury,
as compared with 77 percent of the resuscitated
patients. Therefore, the reasons for the decision
whether to resuscitate were not fully explained by
the risk data presented. Notably, surviving interme-
diate-risk patients often had serious preexisting con-
ditions and frequently had untoward events during
hospitalization. Thus, some patients with do-not-
resuscitate orders might have survived.

Prediction of Length of Stay

An analysis of variance was performed to deter-
mine the factors contributing to length of stay. The
variables tested (age, sex, year of admission, burn
size, type of burn, presence or absence of inhalation
injury, and need for escharotomy) accounted for 63
percent of the variance. Many variables were signifi-
cantly associated with length of stay, but burn size
accounted for most of the variance. When mean
length of stay was plotted against burn size, it was
evident that a patient’s mean length of stay could be
characterized by membership in one of four groups:
burn size of less than 20 percent, between 20 and
39 percent, between 40 and 89 percent, and 90 per-
cent or more of body-surface area. The variability of
length of stay within these groups is illustrated by
the interquartile ranges (Table 4).

DISCUSSION

The mortality rate among patients with burns at
our two hospitals (4 percent) is consistent with
those recently reported from other centers.9,10 Three
risk factors for death after burns were identified: an
age of more than 60 years, burn size of more than
40 percent of body-surface area, and inhalation in-
jury. Mortality is a function of the number of risk
factors present. Patients with three risk factors had
very high mortality, even considering that most pa-
tients with three risk factors had do-not-resuscitate
orders. Only one of seven patients (14 percent) with
three risk factors who received full resuscitation ef-
forts survived.

The mortality rate among the patients who sur-
vived one week was 2.5 percent, which was substan-
tially lower than the overall rate of 4 percent. By the
third week, the mortality rate was 1.1 percent. Mul-
tiple-organ-system failure, which occurred between
the second and the eighth weeks, accounted for one
third of the deaths due to burns. After the initial
hospitalization for burns, life expectancy is not sig-
nificantly different from that of the age-adjusted gen-
eral population.11

Although there was no significant difference in

mortality rates between 1984 and the 1990s, the re-
markably small number of deaths, the increase in the
number of patients with do-not-resuscitate orders,
and differences in patient-exclusion criteria between
the data sets limit the sensitivity of our analysis. Giv-
en these limitations, the analysis can only suggest
that no large improvements in survival have occurred.
To decrease mortality further, attention must be fo-
cused on factors operating before hospitalization, in-
cluding field management, early transfer, and pre-
vention. Clearly, prevention efforts are effective12

and must target older adults.
One advantage of objective estimates of the prob-

ability of death is that they help in understanding
the relative influences of specific prognostic ele-
ments. Others have reported the age of the patient
and the extent of the burns as contributors to the
mortality rate.3-6 However, few studies have empha-
sized the contribution of inhalation injury to mortal-
ity.9,10,13,14 This study emphasizes the marked degree
to which inhalation injury contributes to mortality.
The depth of severe burns, as indicated by the need
for escharotomy, did not contribute significantly to
mortality, although it was previously implicated in
mortality among patients with large burns.15 Al-
though many older women died of burns from cook-
ing fires and most children had scald burns, sex and
differences in burn type did not contribute to mor-
tality rates once burn size, the patient’s age, and the
presence or absence of inhalation injury were con-
sidered.

The probability estimate developed for the length
of stay is based on burn size. Much of the variance
was not accounted for by the data collected and is
probably due to social factors. Estimates of length of
stay are important for financial reasons, and accurate
early estimates facilitate better financial planning by
the payer. With $2 billion spent yearly in the United
States on burn care, information on costs is impor-
tant. For example, an estimated $30 million per year
is billed for the care of older women with cooking-

*Sixty-seven deaths before hospital discharge were
excluded from this analysis.

TABLE 4. ESTIMATES OF THE LENGTH OF 
THE HOSPITAL STAY ACCORDING TO

INTERQUARTILE RANGES FOR 
BURN-SIZE GROUPS.*

PERCENTAGE OF

BODY-SURFACE

AREA BURNED

LENGTH OF STAY 
(DAYS)

NO. OF 
PATIENTS

�20 6–17 1295

20–39 17–45 187

40–89 38–94 104

	90 129–237 12
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related ignition of their clothing.16 Knowledge of
the huge costs of specific injuries in terms of dollars
as well as lives could help identify potential sources
of funding for directed prevention programs.

The objective estimate of the probability of death
from burn injury enables clinicians to predict mortal-
ity with greater precision. The best measure of the
predictive power of the equation is the number of
patients whose estimated risk of death would change
appreciably from the overall risk of 4 percent, since
this risk is assigned to all, regardless of risk factors.
Our simple equation identified a substantial majori-
ty (1314 of 1665 patients, or 79 percent) for whom
the risk of death was very low (0.2 percent) and as-
signed a high risk of death (87 percent) to 22 of 1665
patients (1.3 percent).

Certain other considerations must be emphasized
with respect to the application of estimates of the
probability of death to individual patients, partic-
ularly when one is deciding whether resuscitation
should proceed. Each estimate is a major compo-
nent of, but cannot substitute wholly for, clinical de-
cisions. Our estimates were developed on the basis
of a large number of patients who underwent a par-
ticular treatment regimen, including early burn ex-
cision and grafting, topical antimicrobial therapy,
and critical care support.8 For some patients, the sit-
uation may not be adequately described by the data
— for example, a young person with a burn on 100
percent of the body-surface area, but without inha-
lation injury. It would be unwise to conclude that
the probability of mortality for that patient was
3 percent. Furthermore, there may be clinical vari-
ables not tested as covariates that are important for
prognosis. New therapies could make current esti-
mates obsolete. 

Finally, the outcome must not be viewed solely
as death or survival, without consideration of the
patient’s quality of life. When resuscitation decisions
are considered, communication between doctors and
patients or their surrogates is critical for the achieve-
ment of acceptable outcomes. These considerations

should be free from age-based discrimination, mon-
etary pressures, and determinations of the quality of
life by outsiders. Objective estimates of the probabil-
ity of death provide clinicians with valuable informa-
tion for use in making these decisions.

Supported by grants from the National Institutes of Health General
Medical Services (GM P50-21700 and GM T32-07035) and the Shriners
Hospitals for Children.

REFERENCES

1. Knaus WA, Wagner DP, Lynn J. Short-term mortality predictions for 
critically ill hospitalized adults: science and ethics. Science 1991;254:389-
94.
2. Zawacki BE, Azen SP, Imbus SH, Chang YT. Multifactorial probit anal-
ysis of mortality in burned patients. Ann Surg 1979;189:1-5.
3. Tompkins RG, Burke JF, Schoenfeld DA, et al. Prompt eschar excision: 
a treatment system contributing to reduced burn mortality: a statistical 
evaluation of burn care at the Massachusetts General Hospital (1974-
1984). Ann Surg 1986;204:272-81.
4. Burke JF, Bondoc CC, Quinby WC. Primary burn excision and imme-
diate grafting: a method shortening illness. J Trauma 1974;14:389-95.
5. Pruitt BA Jr, Tumbusch WT, Mason AD Jr, Pearson E. Mortality in 1,100 
consecutive burns treated at a burns unit. Ann Surg 1964;159:396-401.
6. Tompkins RG, Remensnyder JP, Burke JF, et al. Significant reductions 
in mortality for children with burn injuries through the use of prompt es-
char excision. Ann Surg 1988;208:577-85.
7. Schoenfeld DA. Analysis of categorical data: logistic models. In: Miké 
V, Stanley KE, eds. Statistics in medical research: methods and issues, with 
applications in cancer research. New York: John Wiley, 1982:432-54.
8. Sheridan RL, Tompkins RG. Burns. In: Greenfield LJ, Mulholland MW, 
Oldham KT, Zelenock GB, Lillemoe KD, eds. Surgery: scientific principles 
and practice. 2nd ed. Philadelphia: Lippincott-Raven, 1997:422-38.
9. Saffle JR, Davis B, Williams P. Recent outcomes in the treatment of 
burn injury in the United States: a report from the American Burn Asso-
ciation Patient Registry. J Burn Care Rehabil 1995;16:219-32.
10. Monafo WW. Initial management of burns. N Engl J Med 1996;335:
1581-6.
11. Manktelow A, Meyer AA, Herzog SR, Peterson HD. Analysis of life 
expectancy and living status of elderly patients surviving a burn injury. 
J Trauma 1989;29:203-7.
12. Peck MD, Maley MP. Population requirements for statistical analysis 
of efficacy of burn prevention programs. J Burn Care Rehabil 1991;12:
282-4.
13. Tredget EE, Shankowsky HA, Taerum RV, Moysa GL, Alton JD. The 
role of inhalation injury in burn trauma: a Canadian experience. Ann Surg 
1990;212:720-7.
14. Shirani KZ, Pruitt BA Jr, Mason AD Jr. The influence of inhalation 
injury and pneumonia on burn mortality. Ann Surg 1987;205:82-7.
15. Ryan CM, Sheridan RL, Schoenfeld DA, Warshaw AL, Tompkins RG. 
Postburn pancreatitis. Ann Surg 1995;222:163-70.
16. Ryan CM, Thorpe WP, Mullin PA, et al. A persistent fire hazard for 
older adults: cooking-related clothing ignition. J Am Geriatr Soc 1997;45:
1283-5.

Copyright © 1998 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 28, 2009 . For personal use only. No other uses without permission. 



New England Journal of Medicine

CORRECTION

Estimates of the Probability of Death from Burn
Injuries

To the Editor: The article by Ryan et al. (Feb. 5 issue)1 concerning

estimates of the probability of death from burn injuries raises three is-

sues. Assessing the probability of death is useful when mortality is a

relevant end point. This is not the case in patients with burns covering

20 percent of body-surface area or less and no associated problems,

such as inhalation injury. In this study, such patients constituted 77.5

percent of the total population of 1665 patients, and the mortality rate

in this subgroup was 0.46 percent. Including these very-low-risk pa-

tients adds no useful information. The model should be restricted

to patients with a greater risk of this end point, which could change

the weight given to the variables. Furthermore, there were only 22

patients with a high probability of death (87 percent), with a lower

boundary of the 95 percent confidence interval of 78 percent. This

can be interpreted as equivalent to a probability of error of 22 percent

if one assumes that these patients will die. We think that this number

is too small to allow reliable estimates of mortality.

A model that gives individual estimates within a continuous range

should be preferred to one that gives only four risk strata (0.3 per-

cent, 3 percent, 33 percent, and 87 percent). Indeed, all tests used to

assess the severity of illness in patients in the intensive care unit (the

Acute Physiologic and Chronic Health Evaluation III and the Simplified

Acute Physiologic Score II) provide probabilities within a continuous

range. This allows one to evaluate models by calculating their dis-

criminant power (the area under the receiver-operating-characteristic

curve) and their calibration (goodness-of-fit test).2 Because these

data are lacking in the study by Ryan et al., their model cannot be

compared with other models proposed for use in patients with burn

injuries, such as the one described by Smith et al.,3 which relies on

the same variables and provides individual estimates of the probability

of death within a continuous range.

Jean Edouard Rohan, M.D.

Cristina Esteban, M.D.

Philippe Loirat, M.D.

Hôpital Foch

92151 Suresnes, France
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To the Editor: Ryan et al. did not discuss an important finding in

their study: the 12-fold increase in the percentage of patients with

do-not-resuscitate orders between the period from 1975 to 1984 and

the period from 1990 to 1994. Could the authors discuss the reasons

for this large increase and address the question of futility in the burn

unit? The data appear to suggest that if a person is over the age

of 41 years, has a burn size in excess of 61 percent of body-surface

area, and has sustained an inhalation injury, then in all probability that

person will die during hospitalization. What moral obligation is there

to continue to treat if this prognostication is accurate?

Thomas G. Hooyman, Ph.D.

Catholic Health Initiatives

Denver, CO 80202

The authors reply:

To the Editor: The system for objectively estimating the probability

of death from burn injuries is designed to help health care providers

furnish initial information on mortality to patients and families, assist

medical personnel with triage at injury scenes, and help researchers

plan inclusion criteria for clinical trials in which mortality is a relevant

end point. For these purposes, the method should be easy to use

and applicable to all patients with burn injuries who require hospital

treatment. Our goal was to develop a method based on a limited

set of clinically apparent risk factors that could easily be determined.

This method is not meant to replace severity scores that use con-

tinuous variables, such as the Acute Physiologic and Chronic Health

Evaluation III index, or burn formulas1,2 that were developed for other

purposes and have been found to be impractical in these settings.

Our study identified a population (patients over 60 years of age with

a burn size of more than 40 percent of body-surface area and inhala-

tion injury) with a high risk of death (87 percent), as noted by Dr.

Hooyman. There were only a small number of patients in this group,

resulting in the lower boundary of the 95 percent confidence inter-

val (78 percent) noted by Dr. Rohan and colleagues. We think that

this level of precision is adequate for the above-mentioned purposes,

especially given the complex nature of decisions about whether to

provide resuscitation in situations in which the risk of death is high.

The increased incidence of patients with burn injuries who had do-

not-resuscitate orders between the period from 1975 to 1984 and

the period from 1990 to 1994 coincides with the growing emphasis

on patient autonomy. Documentation of advance directives became

mandatory for Medicare reimbursement in 1991.

Medical futility remains undefined. Patients and surrogates can refuse

life-prolonging treatment regardless of the prognosis. Only when doc-

tors judge that treatment is futile and oppose requests for treatment

does the issue of futility become relevant. A doctor’s refusal to accede

N Engl J Med 1998;338:1848
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to requests for treatment on the basis of the presence of the three risk

factors from our formula, against the family’s wishes, represents an

overvaluation of the certitude provided by the formula.

Table 1 of our article contained some errors. We have provided a

corrected version, and we apologize for any confusion that may have

resulted from the errors.

Table 1. Mortality among Patients According to Age, Burn Size, and

Presence or Absence of Inhalation Injury.

Colleen M. Ryan, M.D.

David A. Schoenfeld, Ph.D.

Edwin H. Cassem, M.D.

Ronald G. Tompkins, M.D.

Harvard Medical School

Boston, MA 02114
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