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Comparison of Dopamine and Norepinephrine 
in the Treatment of Shock

Daniel De Backer, M.D., Ph.D., Patrick Biston, M.D., Jacques Devriendt, M.D., Christian Madl, M.D., 
Didier Chochrad, M.D., Cesar Aldecoa, M.D., Alexandre Brasseur, M.D., Pierre Defrance, M.D., 
Philippe Gottignies, M.D., and Jean-Louis Vincent, M.D., Ph.D., for the SOAP II Investigators*

ABSTRACT

From the Department of Intensive Care, 
Erasme University Hospital (D.D.B., A.B., 
J.-L.V.); the Department of Intensive Care, 
Brugmann University Hospital, Universi-
té Libre de Bruxelles ( J.D., P.G.); and the 
Department of Intensive Care, Centre 
Hospitalier Etterbeek Ixelles (D.C.) — all 
in Brussels; the Department of Intensive 
Care, Centre Hospitalier Universitaire de 
Charleroi, Charleroi, Belgium (P.B., P.D.); 
the Department of Medicine III, Intensive 
Care Unit 13H1, Medical University of Vi-
enna, Vienna (C.M.); and the Department 
of Anesthesia and Critical Care, Rio Horte-
ga University Hospital, Valladolid, Spain 
(C.A.). Address reprint requests to Dr. De 
Backer at the Department of Intensive 
Care, Erasme University Hospital, Rte. de 
Lennik 808, B-1070 Brussels, Belgium, or 
at ddebacke@ulb.ac.be.

*Members of the Sepsis Occurrence in 
Acutely Ill Patients II (SOAP II) trial group 
are listed in the Appendix.

N Engl J Med 2010;362:779-89.
Copyright © 2010 Massachusetts Medical Society.

BACKGROUND

Both dopamine and norepinephrine are recommended as first-line vasopressor agents 
in the treatment of shock. There is a continuing controversy about whether one agent 
is superior to the other.

METHODS

In this multicenter, randomized trial, we assigned patients with shock to receive 
either dopamine or norepinephrine as first-line vasopressor therapy to restore and 
maintain blood pressure. When blood pressure could not be maintained with a dose 
of 20 μg per kilogram of body weight per minute for dopamine or a dose of 0.19 μg 
per kilogram per minute for norepinephrine, open-label norepinephrine, epineph-
rine, or vasopressin could be added. The primary outcome was the rate of death at 
28 days after randomization; secondary end points included the number of days 
without need for organ support and the occurrence of adverse events.

RESULTS

The trial included 1679 patients, of whom 858 were assigned to dopamine and 821 
to norepinephrine. The baseline characteristics of the groups were similar. There 
was no significant between-group difference in the rate of death at 28 days (52.5% 
in the dopamine group and 48.5% in the norepinephrine group; odds ratio with 
dopamine, 1.17; 95% confidence interval, 0.97 to 1.42; P = 0.10). However, there were 
more arrhythmic events among the patients treated with dopamine than among 
those treated with norepinephrine (207 events [24.1%] vs. 102 events [12.4%], P<0.001). 
A subgroup analysis showed that dopamine, as compared with norepinephrine, 
was associated with an increased rate of death at 28 days among the 280 patients 
with cardiogenic shock but not among the 1044 patients with septic shock or the 263 
with hypovolemic shock (P = 0.03 for cardiogenic shock, P = 0.19 for septic shock, 
and P = 0.84 for hypovolemic shock, in Kaplan–Meier analyses).

CONCLUSIONS

Although there was no significant difference in the rate of death between patients 
with shock who were treated with dopamine as the first-line vasopressor agent and 
those who were treated with norepinephrine, the use of dopamine was associated 
with a greater number of adverse events. (ClinicalTrials.gov number, NCT00314704.)
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Circulatory shock is a life-threat-
ening condition that is associated with high 
mortality.1,2 The administration of fluids, 

which is the first-line therapeutic strategy, is often 
insufficient to stabilize the patient’s condition, and 
adrenergic agents are frequently required to cor-
rect hypotension. Among these agents, dopamine 
and norepinephrine are used most frequently.3 
Both of these agents influence alpha-adrenergic 
and beta-adrenergic receptors, but to different de-
grees. Alpha-adrenergic effects increase vascular 
tone but may decrease cardiac output and region-
al blood flow, especially in cutaneous, splanchnic, 
and renal beds. Beta-adrenergic effects help to 
maintain blood flow through inotropic and chro-
notropic effects and to increase splanchnic perfu-
sion. This beta-adrenergic stimulation can have 
unwanted consequences as well, including in-
creased cellular metabolism and immunosuppres-
sive effects. Dopamine also stimulates dopami-
nergic receptors, resulting in a proportionately 
greater increase in splanchnic and renal perfu-
sion, and it may facilitate resolution of lung ede-
ma.4 However, dopaminergic stimulation can have 
harmful immunologic effects by altering hypo-
thalamo–pituitary function, resulting in a marked 
decrease in prolactin and growth hormone levels.5

Thus, dopamine and norepinephrine may have 
different effects on the kidney, the splanchnic re-
gion, and the pituitary axis, but the clinical im-
plications of these differences are still uncertain. 
Consensus guidelines and expert recommenda-
tions suggest that either agent may be used as a 
first-choice vasopressor in patients with shock.6-8 
However, observational studies have shown that 
the administration of dopamine may be associated 
with rates of death that are higher than those as-
sociated with the administration of norepineph-
rine.3,9,10 The Sepsis Occurrence in Acutely Ill Pa-
tients (SOAP) study,3 which involved 1058 patients 
who were in shock, showed that administration of 
dopamine was an independent risk factor for death 
in the intensive care unit (ICU). In a meta-analy-
sis,11 only three randomized studies, with a total 
of just 62 patients, were identified that compared 
the effects of dopamine and norepinephrine in 
patients with septic shock. The lack of data from 
clinical trials in the face of growing observational 
evidence that norepinephrine may be associated 
with better outcomes called for a randomized, 
controlled trial. Our study was designed to evalu-
ate whether the choice of norepinephrine over do-

pamine as the first-line vasopressor agent could 
reduce the rate of death among patients in shock.

Methods

Study Patients

We conducted this multicenter trial between De-
cember 19, 2003, and October 6, 2007, in eight 
centers in Belgium, Austria, and Spain. All patients 
18 years of age or older in whom a vasopressor 
agent was required for the treatment of shock were 
included in the study. The patient was considered 
to be in shock if the mean arterial pressure was 
less than 70 mm Hg or the systolic blood pressure 
was less than 100 mm Hg despite the fact that an 
adequate amount of fluids (at least 1000 ml of crys-
talloids or 500 ml of colloids) had been adminis-
tered (unless there was an elevation in the central 
venous pressure to >12 mm Hg or in pulmonary-
artery occlusion pressure to >14 mm Hg) and if 
there were signs of tissue hypoperfusion (e.g., al-
tered mental state, mottled skin, urine output of 
<0.5 ml per kilogram of body weight for 1 hour, 
or a serum lactate level of >2 mmol per liter). Pa-
tients were excluded if they were younger than 18 
years of age; had already received a vasopressor 
agent (dopamine, norepinephrine, epinephrine, or 
phenylephrine) for more than 4 hours during the 
current episode of shock; had a serious arrhyth-
mia, such as rapid atrial fibrillation (>160 beats per 
minute) or ventricular tachycardia; or had been 
declared brain-dead.

Protocol

Randomization was performed in computer-gen-
erated, permuted blocks of 6 to 10, stratified ac-
cording to the participating ICU. Treatment as-
signments and a five-digit reference number were 
placed in sealed, opaque envelopes, which were 
opened by the person responsible for the prepara-
tion of the trial-drug solutions. The solutions of 
norepinephrine or dopamine were prepared in vi-
als or syringes according to the preference of the 
local ICU. Each vial or syringe was then labeled 
with its randomly allocated number. The doctors 
and nurses administering the drugs, as well as the 
local investigators and research personnel who 
collected data, were unaware of the treatment as-
signments. The trial was approved by the ethics 
committee at each participating center. Written in-
formed consent was obtained from all patients or 
next of kin.
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The dose was determined according to the pa-
tient’s body weight. Doses of dopamine could be 
increased or decreased by 2 μg per kilogram per 
minute and doses of norepinephrine by 0.02 μg 
per kilogram per minute (or more in emergency 
cases) (see Fig. 1 and 2 in the Supplementary Ap-
pendix, available with the full text of this article 
at NEJM.org). An example of the dose-escalation 
table is provided in Table 1 in the Supplementary 
Appendix. The target blood pressure was deter-
mined by the doctor in charge for each individual 
patient. If the patient was still hypotensive after 
the maximum dose of either agent had been ad-
ministered (20 μg per kilogram per minute for 
dopamine or 0.19 μg per kilogram per minute for 
norepinephrine — doses that have been shown to 
have similar effects on mean arterial blood pres-
sure12,13), open-label norepinephrine was added. 
The dose of 20 μg per kilogram per minute for 
dopamine was selected as the maximal dose be-
cause this upper limit was the standard of care 
in the participating ICUs, in line with expert rec-
ommendations14 and international guidelines.15

If the patient was already being treated with a 
vasopressor at baseline, that agent was replaced 
as soon as possible with the trial-drug solution. If 
the patient was already receiving dopamine and 
this agent could not be discontinued after intro-
duction of the trial-drug solution, the dopamine 
was replaced with an open-label norepinephrine 
infusion. Open-label dopamine was not allowed at 
any time. Epinephrine and vasopressin were used 
only as rescue therapy. Inotropic agents could be 
used, if needed, to increase cardiac output.

When the patients were weaned from vaso-
pressor agents, any open-label norepinephrine that 
was being administered was withdrawn first, af-
ter which the trial-drug solution was withdrawn. 
If hypotension recurred, the trial-drug solution 
was resumed first (at the same maximal dose) and 
an open-label solution of norepinephrine was 
added if needed.

The study period lasted a maximum of 28 days. 
The study drug was reinstituted, if necessary, in 
patients who were discharged from the ICU but 
were readmitted within 28 days after randomiza-
tion, allowing maximal exposure to the study 
drug. After day 28, the choice of vasopressor agent 
was left to the discretion of the physician in 
charge.

If adverse events occurred during treatment 
with the study drug, the physician in charge could 

withdraw the patient from the study and switch 
him or her to open-label vasopressor therapy. All 
other treatment decisions were left to the discre-
tion of the attending physicians.

End Points

The primary end point of the trial was the rate of 
death at 28 days. Secondary end points were the 
rates of death in the ICU, in the hospital, at 
6 months, and at 12 months; the duration of stay 
in the ICU; the number of days without need for 
organ support (i.e., vasopressors, ventilators, or re-
nal-replacement therapy); the time to attainment 
of hemodynamic stability (i.e., time to reach a mean 
arterial pressure of 65 mm Hg)16; the changes in 
hemodynamic variables; and the use of dobutamine 
or other inotropic agents. Adverse events were cat-
egorized as arrhythmias (i.e., ventricular tachycar-
dia, ventricular fibrillation, or atrial fibrillation), 
myocardial necrosis, skin necrosis, ischemia in 
limbs or distal extremities, or secondary infec-
tions.17

Measured Variables

The following data were recorded every 6 hours 
for 48 hours, every 8 hours on days 3, 4, and 5, 
and once a day on days 6, 7, 14, 21, and 28: vital 
signs, hemodynamic variables (including systolic 
and diastolic arterial pressures, heart rate, cen-
tral venous pressure, and, when possible, pulmo-
nary-artery pressures), cardiac output, arterial and 
mixed-venous (or central venous) blood gas levels, 
doses of vasoactive agents, and respiratory condi-
tions. Biologic variables, data on daily fluid bal-
ance, microbiologic data, and antibiotic therapy 
were recorded daily for the first 7 days and then 
on days 14, 21, and 28.

The Acute Physiology and Chronic Health Eval-
uation II (APACHE II) score18 was calculated at 
the time of admission to the ICU and at the time 
of enrollment in the study, and the Sequential 
Organ Failure Assessment (SOFA) score19 was cal-
culated daily for the first 7 days and then on days 
14, 21, and 28.

Statistical Analysis

On the basis of the results of the SOAP study,3 
which showed a rate of death of 43% among pa-
tients receiving dopamine and a rate of 36% among 
patients receiving norepinephrine, we estimated 
that with 765 patients in each group, the study 
would have 80% power to show a 15% relative dif-
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ference in the rate of death at 28 days, at a two-
sided alpha level of 0.05.

Since the magnitude of the effect derived from 
observational studies can be misleading, we opted 
for a sequential trial design with two-sided alter-
natives20; the trial design called for analyses to be 
performed after inclusion of the first 50 and 100 
patients, and then after inclusion of each addi-
tional 100 patients, and allowed for the discon-
tinuation of the trial according to the following 
predefined boundaries: superiority of norepineph-
rine over dopamine, superiority of dopamine over 
norepinephrine, or no difference between the two. 
An independent statistician who is also a physician 
monitored the efficacy analyses and the adverse 
events; on October 6, 2007, after analysis of the 
outcome in the first 1600 patients showed that 
one of the three predefined boundaries had been 
crossed, the statistician advised that the trial be 
stopped.

All data were analyzed according to the inten-
tion-to-treat principle. Differences in the primary 
outcome were analyzed with the use of an unad-
justed chi-square test. Results are presented as 
absolute and relative risks and 95% confidence 
intervals. Kaplan–Meier curves for estimated sur-
vival were compared with the use of a log-rank 
test. A Cox proportional-hazards regression mod-
el was used to evaluate the influence of potential 
confounding factors on the outcome (factors were 
selected if the P value in the univariate analysis 
was <0.20).

A predefined subgroup analysis of the primary 
outcome was conducted according to the type of 
shock (septic, cardiogenic, or hypovolemic). A test 
for interaction was performed, and the results are 
presented in a forest plot.

Other binary end points were analyzed with the 
use of chi-square tests, and continuous variables 
were compared by means of an unpaired Student’s 
t-test or a Wilcoxon rank-sum test, as appropriate, 
with the use of SPSS software, version 13.0 (SPSS). 
All reported P values are two-sided and have not 
been adjusted for multiple testing. The study stat-
istician and investigators remained unaware of the 
patients’ treatment assignments while they per-
formed the final analyses.

RESULTS

Patients

A total of 1679 patients were enrolled — 858 in 
the dopamine group and 821 in the norepineph-

rine group (Fig. 1). All patients were followed to 
day 28; data on the outcome during the stay in the 
hospital were available for 1656 patients (98.6%), 
data on the 6-month outcome for 1443 patients 
(85.9%), and data on the 12-month outcome for 
1036 patients (61.7%). There were no significant 
differences between the two groups with regard 
to most of the baseline characteristics (Table 1); 
there were small differences, which were of ques-
tionable clinical relevance, in the heart rate, par-
tial pressure of arterial carbon dioxide (PaCO2), 
arterial oxygen saturation (SaO2), and ratio of par-
tial pressure of arterial oxygen (PaO2) to fraction 
of inspired oxygen (FiO2). The type of shock that 
was seen most frequently was septic shock (in 
1044 patients [62.2%]), followed by cardiogenic 
shock (in 280 patients [16.7%]) and hypovolemic 
shock (in 263 patients [15.7%]). The sources of sep-
sis are detailed in Table 2 in the Supplementary 
Appendix. Hydrocortisone was administered in 344 
patients who received dopamine (40.1%) and in 
326 patients who received norepinephrine (39.7%). 
Among patients with septic shock, recombinant 
activated human protein C was administered in 
102 patients in the dopamine group (18.8%) and 
96 patients in the norepinephrine group (19.1%).

Data on hemodynamic variables and doses of 
vasoactive agents are shown in Figure 3 and Fig-
ure 4 in the Supplementary Appendix. The mean 
arterial pressure was similar in the two treatment 
groups at baseline, and it changed similarly over 
time, although it was slightly higher from 12 to 
24 hours in the norepinephrine group. The doses 
of the study drug were similar in the two groups 
at all times. More patients in the dopamine group 
than in the norepinephrine group required open-
label norepinephrine therapy at some point (26% 
vs. 20%, P<0.001), but the doses of open-label nor-
epinephrine that were administered were similar 
in the two groups. The use of open-label epineph-
rine at any time was similar in the two groups 
(administered in 3.5% of patients in the dopamine 
group and in 2.3% of those in the norepinephrine 
group, P = 0.10), as was the use of vasopressin 
(0.2% in both groups, P = 0.67). Dobutamine was 
used more frequently in patients treated with nor-
epinephrine, but 12 hours after randomization, 
the doses of dobutamine were significantly high-
er in patients treated with dopamine. The mean 
(±SD) time to the achievement of a mean arterial 
pressure of 65 mm Hg was similar in the two 
groups (6.3±5.6 hours in the dopamine group 
and 6.0±4.9 hours in the norepinephrine group, 
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P = 0.35). There were no major between-group dif-
ferences in the total amounts of fluid given, al-
though patients in the dopamine group received 
more fluids on day 1 than did patients in the nor-
epinephrine group. Urine output was significantly 
higher during the first 24 hours after randomiza-
tion among patients in the dopamine group than 
among those in the norepinephrine group, but 
this difference eventually disappeared, so that 
the fluid balance was quite similar between the 
two groups.

The increase in heart rate was greater in pa-
tients treated with dopamine than in patients 
treated with norepinephrine, up to 36 hours after 
randomization; the changes in the cardiac index, 
central venous pressure, venous oxygen saturation, 
and lactate levels were similar in the two groups.

Outcome

The boundary for stopping the trial owing to the 
lack of evidence of a difference between treatments 
at a P value of 0.05 was crossed (Fig. 5 in the Sup-
plementary Appendix). There were no significant 
differences between the groups in the rate of death 
at 28 days or in the rates of death in the ICU, in 
the hospital, at 6 months, or at 12 months (Table 2). 
Kaplan–Meier curves for estimated survival showed 
no significant differences in the outcome (Fig. 2). 
Cox proportional-hazards analyses that included 
the APACHE II score, sex, and other relevant vari-
ables yielded similar results (Fig. 6 in the Supple-
mentary Appendix). There were more days with-
out need for the trial drug and more days without 
need for open-label vasopressors in the norepi-
nephrine group than in the dopamine group, but 
there were no significant differences between the 
groups in the number of days without need for 
ICU care and in the number of days without need 
for organ support (Table 3). There were no signifi-
cant differences in the causes of death between 
the two groups, although death from refractory 
shock occurred more frequently in the group of 
patients treated with dopamine than in the group 
treated with norepinephrine (P = 0.05).

Adverse Events

Overall, 309 patients (18.4%) had an arrhythmia; 
the most common type of arrhythmia was atrial 
fibrillation, which occurred in 266 patients (86.1%). 
More patients had an arrhythmia, especially atri-
al fibrillation, in the dopamine group than in the 
norepinephrine group (Table 3). The study drug 
was discontinued in 65 patients owing to severe 

arrhythmias — 52 patients (6.1%) in the dopamine 
group and 13 patients (1.6%) in the norepineph-
rine group (P<0.001). These patients were included 
in the intention-to-treat analysis. There were no 
significant differences between the groups in the 
incidences of other adverse events.

Additional Analyses

A predefined subgroup analysis was conducted ac-
cording to the type of shock — septic shock, which 
occurred in 1044 patients (542 in the dopamine 
group and 502 in the norepinephrine group); car-
diogenic shock, which occurred in 280 patients 
(135 in the dopamine group and 145 in the nor-
epinephrine group); or hypovolemic shock, which 
occurred in 263 patients (138 in the dopamine 
group and 125 in the norepinephrine group). The 
overall effect of treatment did not differ signifi-
cantly among these subgroups (P = 0.87 for inter-
action), although the rate of death at 28 days was 
significantly higher among patients with cardio-
genic shock who were treated with dopamine than 
among those with cardiogenic shock who were 
treated with norepinephrine (P = 0.03) (Fig. 3). The 

1679 Underwent randomization

2011 Patients were assessed for eligibility

332 Were excluded
94 Had arrhythmia
79 Had shock lasting >4 hr
73 Were not enrolled by 

their physician
38 Had major therapeutic 

limitation
20 Had been included in

the study previously
16 Were <18 yr of age
12 Were brain-dead

858 Were assigned to receive
dopamine

821 Were assigned to receive
norepinephrine

858 Were included in intention-
to-treat analysis

821 Were included in intention-
to-treat analysis

Figure 1. Screening and Enrollment.
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Table 1. Baseline Characteristics of the Patients and Major Therapeutic Interventions at Baseline.*

Variable Dopamine (N = 858) Norepinephrine (N = 821)

Age — yr

Median 68 67

Interquartile range 55–76 56–76

Male sex — no. (%) 507 (59.1) 449 (54.7)

APACHE II score†

Median 20 20

Interquartile range 15–28 14–27

SOFA score‡

Median 9 9

Interquartile range 7–12 6–12

Reason for admission — no. (%)

Medical 565 (65.9) 532 (64.8)

Scheduled surgery 168 (19.6) 161 (19.6)

Emergency surgery 125 (14.6) 128 (15.6)

Cause of shock — no. (%)

Sepsis 542 (63.2) 502 (61.1)

Lungs 278 (32.4) 246 (30.0)

Abdomen 138 (16.1) 135 (16.4)

Urine 51 (5.9) 42 (5.1)

Catheter 14 (1.6) 10 (1.2)

Endocardium 9 (1.0) 11 (1.3)

Mediastinum 10 (1.2) 15 (1.8)

Soft tissues 11 (1.3) 13 (1.6)

Other 15 (1.7) 20 (2.4)

Cardiogenic source 135 (15.7) 145 (17.6)

Myocardial infarction 75 (8.7) 86 (10.5)

Dilated cardiomyopathy 25 (2.9) 19 (2.3)

Tamponade 2 (0.2) 7 (0.9)

Pulmonary embolism 10 (1.2) 8 (1.0)

Valvular disease 4 (0.5) 5 (0.6)

After cardiopulmonary bypass 19 (2.2) 20 (2.4)

Other

Hypovolemia 138 (16.1) 125 (15.2)

Hemorrhage 130 (15.2) 116 (14.1)

Trauma 17 (2.0) 23 (2.8)

Gastrointestinal bleeding 31 (3.6) 22 (2.7)

Bleeding at surgical site 64 (7.5) 57 (6.9)

Other 18 (2.1) 14 (1.7)

Dehydration 8 (0.9) 9 (1.1)

Other 48 (5.9) 44 (5.0)

Spinal 6 (0.7) 8 (1.0)

Peridural§ 13 (1.5) 4 (0.5)

Intoxication-related¶ 7 (0.8) 4 (0.5)

Anaphylactic 3 (0.3) 4 (0.5)

Miscellaneous 13 (1.5) 29 (3.5)

Hemodynamic, respiratory, and biologic variables

Temperature — °C 36.6±1.5 36.6±1.5

Heart rate — beats/min 97±27 95±25∥

Mean arterial pressure — mm Hg 58±13 58±13

Mean pulmonary-artery pressure — mm Hg** 27±9 29±8∥
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Table 1. (Continued.)

Variable Dopamine (N = 858) Norepinephrine (N = 821)

Pulmonary-artery occlusion pressure — mm Hg** 16±6 18±6∥

Central venous pressure — mm Hg†† 13±6 13±5

Cardiac index — liters/min/m2‡‡ 3.11±1.35 2.77±1.16∥

Arterial pH 7.32±0.13 7.32±0.14

PaCO2 — mm Hg 42±16 41±14

PaO2 — mm Hg 110±75 123±84§§

SaO2 — % 95±5 96±4§§

SvO2 — %¶¶ 64±9 62±13

Lactate — mmol/liter

Median 2.1 2.2

Interquartile range 1.2–4.3 1.2–3.8

Hemoglobin — g/dl 9.8±2.5 9.9±2.5

Creatinine — mg/dl

Median 1.4 1.3

Interquartile range 0.8–2.4 0.8–2.3

Respiratory rate — per min 21±8 21±8

Ratio of PaO2 to FiO2 210±157 236±165§§

Major therapeutic interventions

Mechanical ventilation — no. (%) 615 (71.7) 580 (70.6)

Tidal volume — ml/kg of ideal body weight 8.0±1.9 7.9±1.9

Positive end-expiratory pressure — cm of water 6±3 6±2

FiO2 0.59±0.24 0.58±0.23

Renal-replacement therapy — no. (%) 63 (7.3) 61 (7.4)

Open-label norepinephrine

Patients treated — no. (%) 157 (18.3) 107 (13.0)§§

Dose — μg/kg/min 0.58±0.80 0.54±0.87

Epinephrine

Patients treated — no. (%) 13 (1.5) 9 (1.1)

Dose — μg/kg/min 1.1±2.8 1.3±1.9

Dobutamine

Patients treated — no. (%) 127 (14.8) 159 (19.4)∥

Dose — μg/kg/min 10±6 9±6

Vasopressin

Patients treated — no. (%) 2 (0.2) 2 (0.2)

Dose — U/min 0.03 0.03

Corticosteroids — no. (%)∥∥ 101 (11.8) 76 (9.3)

* Plus–minus values are means ±SD. To convert the values for creatinine to micromoles per liter, multiply by 88.4. FiO2 
denotes fraction of inspired oxygen, PaCO2 partial pressure of arterial carbon dioxide, PaO2 partial pressure of arterial 
oxygen, SaO2 arterial oxygen saturation, and SvO2 venous oxygen saturation.

† Scores on the Acute Physiologic and Chronic Health Evaluation II (APACHE II) scale range from 0 to 71, with higher 
values indicating more severe disease.18

‡ Scores on the Sequential Organ Failure Assessment (SOFA) scale range from 0 to 4 for each organ system, with high-
er scores indicating more severe organ dysfunction.19 

§ Peridural shock refers to vasodilatory shock induced by peridural or epidural infusion in otherwise uncomplicated proce-
dures.

¶ The 11 cases of intoxication were drug overdoses (5 cases) and voluntary intoxication with benzodiazepines (3), tricy-
clic antidepressants (2), and calcium-channel blockers (1).

∥ P<0.05 for the comparison of norepinephrine with dopamine.
** Data were available for 277 patients.
†† Data were available for 1249 patients.
‡‡ Data were available for 336 patients.
§§ P<0.01 for the comparison of norepinephrine with dopamine.
¶¶ Data were available for 357 patients.
∥∥ Corticosteroids administered at baseline included hydrocortisone and prednisolone.
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Kaplan–Meier curves for the subgroup analysis 
according to type of shock are shown in Figure 7 
in the Supplementary Appendix.

Discussion

In this multicenter, randomized, blinded trial com-
paring dopamine and norepinephrine as the ini-
tial vasopressor therapy in the treatment of shock, 
there was no significant difference in the rate of 
death at 28 days between patients who received do-
pamine and those who received norepinephrine. 
Dopamine was associated with more arrhythmic 
events than was norepinephrine, and arrhythmic 
events that were severe enough to require with-
drawal from the study were more frequent in the 

dopamine group. In addition, dopamine was as-
sociated with a significant increase in the rate of 
death in the predefined subgroup of patients with 
cardiogenic shock.

The rate of death at 28 days in this study was 
close to 50%, which is to be expected in a study 
with very few exclusion criteria and is similar to 
the rate in previous observational studies.3,9,21-24 
Our trial was a pragmatic study that included all 
patients who were treated for shock states, and 
therefore, it has high external validity. The study 
design allowed for maximal exposure to the study 
drug, since we included patients who had received 
open-label vasopressors for a maximum of 4 hours 
before randomization and since during the 28-day 
study period, the study drug was withdrawn last 
when patients were weaned from vasopressor 
therapies and was resumed first if resumption of 
vasopressor therapy was necessary.

Smaller observational studies have suggested 
that treatment with dopamine may be detrimen-
tal to patients with septic shock.3,9,10 However, 
Póvoa et al. reported a lower rate of death among 
patients treated with dopamine than among those 
treated with norepinephrine.25 In our study, which 
included more than 1000 patients with septic 
shock, there was no significant difference in the 
outcome between patients treated with dopamine 
and those treated with norepinephrine.

Among patients with cardiogenic shock, the 
rate of death was significantly higher in the group 
treated with dopamine than in the group treated 
with norepinephrine, although one might expect 
that cardiac output would be better maintained 
with dopamine26-28 than with norepinephrine. The 
exact cause of the increased mortality cannot be 

Table 2. Mortality Rates.*

Time Period Dopamine Norepinephrine
Odds Ratio
(95% CI)† P Value

percent mortality

During stay in intensive care unit 50.2 45.9 1.19 (0.98–1.44) 0.07

During hospital stay 59.4 56.6 1.12 (0.92–1.37) 0.24

At 28 days 52.5 48.5 1.17 (0.97–1.42) 0.10

At 6 mo 63.8 62.9 1.06 (0.86–1.31) 0.71

At 12 mo 65.9 63.0 1.15 (0.91–1.46) 0.34

* Data were available for 1656 patients in the intensive care unit, in the hospital, and at 28 days; for 1443 patients at
6 months; and for 1036 patients at 12 months.

† Odds ratios for death are for the comparison of the dopamine group with the norepinephrine group.
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Table 3. Secondary Outcomes and Adverse Events.*

Variable
Dopamine
(N = 858)

Norepinephrine
(N = 821) P Value

Support-free days through day 28

Vasopressors not needed

Trial drug 11.0±12.1 12.5±12.1 0.01

Open-label vasopressors 12.6±12.5 14.2±12.3 0.007

Mechanical ventilation not needed 8.5±11.2 9.5±11.4 0.13

Renal support not needed 12.8±12.4 14.0±12.3 0.07

Intensive care not needed 8.1±10.3 8.5±10.3 0.43

Length of stay — no. of days

Intensive care unit 0.12

Median 5 5

Interquartile range 1–11 2–12

Hospital 0.22

Median 11 12

Interquartile range 2–28 3–28

Cause of death in hospital — no./total no. (%) 0.31

Refractory shock 196/426 (46) 155/381 (41)

Withdrawal or withholding of therapy 193/426 (45) 190/381 (50)

Brain death or severe postanoxic lesions 37/426 (9) 36/381 (9)

Adverse events

Arrhythmias — no. (%) 207 (24.1) 102 (12.4) <0.001

Atrial fibrillation 176 (20.5) 90 (11.0)

Ventricular tachycardia 21 (2.4) 8 (1.0)

Ventricular fibrillation 10 (1.2) 4 (0.5)

Myocardial infarction — no. (%) 19 (2.2) 25 (3.0) 0.29

New infectious episode

No. of episodes 0.69

Median 1 1

Interquartile range 0–1 0–1

Patients with at least one episode — no. (%) 674 (78.6) 619 (75.4) 0.35

Skin ischemia — no. (%) 56 (6.5) 34 (4.1) 0.09

Mild† 46 (5.4) 28 (3.4)

Severe‡ 10 (1.2) 6 (0.7)

Arterial occlusion — no. (%)§ 23 (2.7) 20 (2.4) 0.12

Arms or fingers 5 (0.6) 1 (0.1)

Legs 7 (0.8) 13 (1.6)

Bowel 11 (1.3) 6 (0.7)

* Plus–minus values are means ±SD.
† Mild skin ischemia was defined as a cold and cyanotic skin area, with capillary refill time of more than 2 seconds.
‡ Severe skin ischemia was defined as cold and black skin, with no bleeding on puncture.
§ Arterial occlusion in an extremity was considered to be present if an extremity was cold, if the capillary refill time was 

prolonged (>2 seconds), and if there was no pulse in the nutritive artery. Vascular occlusion in the bowel was consid-
ered to be present if bowel ischemia was detected by laparotomy, computed tomography, or colonoscopy.
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determined, but the early difference in the rate 
of death suggests that the higher heart rate with 
dopamine may have contributed to the occurrence 
of ischemic events. Whatever the mechanism may 
be, these data strongly challenge the current Am-
erican College of Cardiology–American Heart As-
sociation guidelines, which recommend dopamine 
as the first-choice agent to increase arterial pres-
sure among patients who have hypotension as a 
result of an acute myocardial infarction.7

This study has several limitations. First, do-
pa mine is a less potent vasopressor than norepi-
nephrine; however, we used infusion rates that 

were roughly equipotent with respect to systemic 
arterial pressure, and there were only minor dif-
ferences in the use of open-label norepinephrine, 
most of which were related to early termination 
of the study drug and a shift to open-label norepi-
nephrine because of the occurrence of arrhyth-
mias that were difficult to control. Doses of open-
label norepinephrine and the use of open-label 
epinephrine and vasopressin were similar between 
the two groups. Second, we used a sequential de-
sign, which potentially allowed us to stop the 
study early if an effect larger than that expected 
from observational trials occurred; however, the 
trial was eventually stopped after inclusion of more 
patients than we had expected to be included on 
the basis of our estimates of the sample size. 
Accordingly, all conclusions related to the primary 
outcome reached the predefined power.

In summary, although the rate of death did 
not differ significantly between the group of pa-
tients treated with dopamine and the group treated 
with norepinephrine, this study raises serious con-
cerns about the safety of dopamine therapy, since 
dopamine, as compared with norepinephrine, was 
associated with more arrhythmias and with an 
increased rate of death in the subgroup of pa-
tients with cardiogenic shock.
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Figure 3. Forest Plot for Predefined Subgroup Analysis 
According to Type of Shock.

A total of 1044 patients were in septic shock (542 in 
the dopamine group and 502 in the norepinephrine 
group), 280 were in cardiogenic shock (135 in the do-
pa mine group and 145 in the norepinephrine group), 
and 263 were in hypovolemic shock (138 in the dopa-
mine group and 125 in the norepinephrine group). The 
P value for interaction was 0.87.

APPENDIX

Other investigators and participants in the trial are as follows: R. Kitzberger, U. Holzinger, Medical University of Vienna, Vienna; A. 
Roman, Centre Hospitalier Universitaire St. Pierre; D. De Bels, Brugmann University Hospital; S. Anane, Europe Hospitals St. Elisabeth, 
and S. Brimioulle, M. Van Nuffelen, Erasme University Hospital — all in Brussels; M. VanCutsem, Centre Hospitalier Universitaire de 
Charleroi, Charleroi, Belgium; J. Rico, J.I. Gomez Herreras, Rio Hortega University Hospital, Valladolid, Spain; H. Njimi (trial statisti-
cian), Université Libre de Bruxelles, Brussels; and C. Mélot (independent statistician and physician responsible for conducting sequen-
tial analysis and evaluation of serious adverse effects), Erasme University Hospital, Brussels.
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A bs tr ac t

Background

The U.S. diet is high in salt, with the majority coming from processed foods. Re-
ducing dietary salt is a potentially important target for the improvement of public 
health. 

Methods

We used the Coronary Heart Disease (CHD) Policy Model to quantify the benefits 
of potentially achievable, population-wide reductions in dietary salt of up to 3 g per 
day (1200 mg of sodium per day). We estimated the rates and costs of cardiovascu-
lar disease in subgroups defined by age, sex, and race; compared the effects of salt 
reduction with those of other interventions intended to reduce the risk of cardio-
vascular disease; and determined the cost-effectiveness of salt reduction as com-
pared with the treatment of hypertension with medications.

Results

Reducing dietary salt by 3 g per day is projected to reduce the annual number of 
new cases of CHD by 60,000 to 120,000, stroke by 32,000 to 66,000, and myocar-
dial infarction by 54,000 to 99,000 and to reduce the annual number of deaths from 
any cause by 44,000 to 92,000. All segments of the population would benefit, with 
blacks benefiting proportionately more, women benefiting particularly from stroke 
reduction, older adults from reductions in CHD events, and younger adults from 
lower mortality rates. The cardiovascular benefits of reduced salt intake are on par 
with the benefits of population-wide reductions in tobacco use, obesity, and choles-
terol levels. A regulatory intervention designed to achieve a reduction in salt intake 
of 3 g per day would save 194,000 to 392,000 quality-adjusted life-years and $10 bil-
lion to $24 billion in health care costs annually. Such an intervention would be 
cost-saving even if only a modest reduction of 1 g per day were achieved gradually 
between 2010 and 2019 and would be more cost-effective than using medications 
to lower blood pressure in all persons with hypertension.

Conclusions

Modest reductions in dietary salt could substantially reduce cardiovascular events 
and medical costs and should be a public health target.
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The U.S. diet is high in salt. The De-
partments of Agriculture and Health and 
Human Services recommend daily intake 

of less than 5.8 g of salt (2300 mg of sodium), 
with a lower target of 3.7 g of salt per day for 
most adults (persons over 40 years of age, blacks, 
and persons with hypertension).1 Despite these 
guidelines, during the period from 2005 through 
2006, the average man in the United States is 
estimated to have consumed 10.4 g of salt per 
day and the average woman 7.3 g per day — 
amounts that exceed those in preceding years.2

Reducing dietary salt lowers blood pressure 
and the risk of cardiovascular disease.3,4 Accom-
plishing this reduction is challenging, however, 
in part because 75 to 80% of the salt in the U.S. 
diet comes from processed foods, not from salt 
added during food preparation or consumption.5,6 
Many countries, including Japan, the United King-
dom, Finland, and Portugal, have reduced popu-
lation-wide salt intake through a combination of 
regulations on the salt content in processed 
foods, labeling of processed and prepared foods, 
public education, and collaboration with the 
food industry.7 To explore the potential impact 
of a modest reduction in dietary salt on popula-
tion health, we used the Coronary Heart Disease 
(CHD) Policy Model, a computer simulation of 
heart disease in U.S. adults 35 to 84 years old, 
and an extension of the model that is used to 
assess stroke. We estimated the effects in differ-
ent segments of the U.S. population, compared 
these projections with the health benefits expected 
from a range of other public health and clinical 
interventions aimed at reducing cardiovascular 
disease, and analyzed the relative cost-effective-
ness of salt reduction as compared with treat-
ment of hypertension with medication.

Me thods

Structure of the Model

The CHD Policy Model is a computer-simulation, 
state-transition (Markov cohort) model of the in-
cidence and prevalence of CHD and of the mor-
tality and costs associated with CHD in U.S. 
residents 35 years of age or older. The model has 
been used to describe trends in CHD and the ef-
fects of interventions intended to reduce the risk 
of CHD.8,9 (For an overview of the model, see the 
Supplementary Appendix, available with the full 

text of this article at NEJM.org.) The model has 
three submodels: demographic–epidemiologic, 
bridge, and disease-history. The demographic–
epidemiologic submodel predicts the incidence 
of CHD and the rates of death due to causes oth-
er than CHD among persons without a history of 
CHD. The risk of CHD is categorized according 
to age, sex, and the following six factors: systolic 
blood pressure, use or nonuse of antihyperten-
sive medications, smoking status, level of high-
density lipoprotein (HDL) cholesterol, level of 
low-density lipoprotein (LDL) cholesterol, and 
presence or absence of diabetes mellitus. For per-
sons in whom CHD develops, the bridge sub-
model characterizes the initial CHD event and its 
sequelae for 30 days. The disease-history sub-
model then predicts the rate of subsequent CHD 
events and rates of death from CHD and of deaths 
not related to CHD among simulated subjects 
with CHD, with each category stratified accord-
ing to age, sex, and history of events. The data in 
the CHD Policy Model are derived from national 
data sets and calibrated to national event-rate es-
timates.

In addition to using the standard CHD Policy 
Model of the entire U.S. population, we created 
race-specific versions of the model for the black 
and nonblack populations. We derived the race-
specific distribution of risk factors for CHD 
from the National Health and Nutrition Exami-
nation Survey. Beta coefficients derived from the 
Framingham Heart Study and the Framingham 
Offspring Study were applied to all three popula-
tion groups, but the overall age-specific inci-
dence rates of CHD were specific to each popu-
lation.10 The average incidence rates for the 
black and nonblack subpopulations were vali-
dated with national data.11 In sensitivity analy-
ses we also examined beta coefficients specific 
to the black population.12 We did not assign a 
coefficient to use of antihypertensive medica-
tions; rather, we used systolic blood pressure or 
treatment with antihypertensive medications to 
define the population of persons with hyperten-
sion, who might have a greater response to a 
reduction in dietary salt. Finally, we extended 
the model to estimate the incidence of stroke 
using beta coefficients derived from the Framing-
ham Heart Study and the Framingham Offspring 
Study and published rates on the incidence of 
stroke.13,14
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Modeling Approach and Underlying 
Assumptions

We assumed that the effect of salt reduction on 
blood pressure reduction was linear over the range 
of 0 to 3 g per day.15 We used a lower estimate for 
the effect of salt reduction on systolic blood pres-
sure on the basis of the findings of a large meta-
analysis3,16 and used a higher estimate for this 
effect on the basis of data from clinical trials.17,18 
We modeled an accentuated response to salt re-
duction among blacks, persons with hyperten-
sion, and persons 65 years of age or older (Table 
1).17,19-22 We compared the effects of a salt-restrict-
ed diet on numbers of CHD events with the ef-
fects of other interventions aimed at reducing 
cardiovascular risk by modeling a 50% reduction in 
smoking and environmental tobacco exposure,23 
a 5% reduction in body-mass index among obese 
adults,8 treatment of persons at low or interme-
diate risk with statins in accordance with the 
guidelines in the Adult Treatment Panel III of the 
National Cholesterol Education Program,9 and 
treatment of hypertension as described in the Anti-
hypertensive and Lipid-Lowering Treatment to Pre-
vent Heart Attack Trial (ALLHAT; ClinicalTrials
.gov number, NCT00000542).24,25

We conducted simulations for the entire U.S. 
population and for black and nonblack subgroups 
and estimated annual reductions in the incidence 
of CHD, new and recurrent myocardial infarctions, 
the incidence of stroke, and death from any cause 

as a result of reductions in dietary salt for the en-
tire population and for subgroups defined accord-
ing to age, sex, and race. We projected annual 
cost savings in health care and annual gains in 
quality-adjusted life years (QALYs) that would 
result from an intervention to reduce salt for the 
entire U.S. population and for Medicare enrollees, 
on the basis of the World Health Organization 
estimate that the cost of such a national effort 
would be $1 per person annually.26 We made the 
same projections for population-wide treatment of 
hypertension with antihypertensive medications.25 
We also report the cumulative costs and effective-
ness for a gradual introduction of the intervention 
over the decade from 2010 through 2019. 

Sensitivity Analyses

We used Monte Carlo simulations to estimate the 
uncertainty of our projections for both the high 
and low estimates of the effects of salt reduction 
on systolic blood pressure. Beta coefficients for 
the association of systolic blood pressure, LDL 
and HDL cholesterol, and diabetes with both CHD 
events and deaths not associated with CHD were 
assumed to have a normal probability distribu-
tion, with standard errors derived from the fitted 
regression. We generated covariance matrixes for 
each of these beta coefficients. On the basis of 
the evidence of minimal correlation between fac-
tors, we assumed that the effects were indepen-
dent. For each simulation, we report the mean 

Table 1. Estimated Changes in Systolic Blood Pressure Associated with Reductions in Dietary Salt.*

Group Salt Reduction, 1 g/day Salt Reduction, 3 g/day
Reference 

No.

Low Estimate 
of SBP Decrease

High Estimate 
of SBP Decrease

Low Estimate 
of SBP Decrease

High Estimate 
of SBP Decrease

mm Hg

Entire U.S. population

Persons with hypertension† 1.20 1.87 3.60 5.61 3, 15

Persons ≥65 yr old 1.20 1.87 3.60 5.61 17, 19–22

All others 0.60 1.17 1.80 3.51 3, 15

Black subpopulation

Persons with hypertension† 1.80 3.03 5.40 9.10 3, 17, 19–22

Persons ≥65 yr old 1.20 1.87 3.60 5.61 17, 19–22

All others 1.20 1.87 3.60 5.61 17, 19–22

* SBP denotes systolic blood pressure. 
† Hypertension was defined as a systolic blood pressure of 140 mm Hg or higher, a diastolic blood pressure of 

90 mm Hg or higher, or use of an antihypertensive medication.
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(±SE) for 1000 simulations. We conducted sensi-
tivity analyses in which we varied the effect of salt 
reduction on changes in cardiovascular risk on 
the basis of estimates suggesting that the risk of 
cardiovascular disease associated with blood pres-
sures lowered by means of salt reduction or med-
ication is not as low as the risk associated with 
similar, naturally occurring blood pressures.27,28

R esult s

A population-wide reduction in dietary salt of 3 g 
per day (1200 mg of sodium per day) is projected 
to reduce the annual number of new cases of CHD 
by 60,000 to 120,000, stroke by 32,000 to 66,000, 
and myocardial infarction by 54,000 to 99,000 

and to reduce the annual number of deaths from 
any cause by 44,000 to 92,000. Since the relation-
ship between reductions in salt and the projected 
declines in event rates is linear over the range 
examined, even a more modest reduction of 1 g of 
salt per day is projected to result in large declines 
in annual rates of cardiovascular events and deaths 
(with new cases of CHD declining by 20,000 to 
40,000, new and recurrent cases of myocardial 
infarction by 18,000 to 35,000, new cases of 
stroke by 11,000 to 23,000, and deaths from any 
cause by 15,000 to 32,000).

All adult age groups, both sexes, and blacks 
and nonblacks would be expected to benefit from 
reductions in salt intake (Fig. 1). The anticipated 
relative benefits among blacks would be greater 
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Figure 1. Projected Annual Reductions in Cardiovascular Events Given a Dietary Salt Reduction of 3 g per Day in Black Men, Black 
 Women, Nonblack Men, and Nonblack Women, According to Age Group. 

Panel A shows changes in the incidence of coronary heart disease, Panel B changes in the rates of new and recurrent myocardial infarc-
tions, Panel C changes in the incidence of stroke, and Panel D changes in the rate of death from any cause. The projections are based 
on a reduction in dietary salt of 3 g per day and on the high estimate for the effect of salt reduction on systolic blood pressure. Total 
myocardial infarction includes new and recurrent myocardial infarctions. I bars indicate standard errors of the Monte Carlo simulation. 
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than those among nonblacks across all age groups 
and both sexes. The projected reductions in stroke 
would be greater among women than among men, 
with rates decreasing by 9 to 15% among black 
women and by 5 to 9% among nonblack women. 
All age groups would be expected to benefit, 
with middle-aged and older populations pro-
jected to have larger relative reductions in the 
incidence of CHD and in rates of new and recur-
rent myocardial infarction and stroke. A large 
relative reduction in mortality is projected for 
young and middle-aged adults, with mortality 
rates among blacks between 35 and 64 years of 
age reduced by 7 to 11% and those among non-
blacks in this age range reduced by 3 to 6%.

Sensitivity Analyses

If a lower blood pressure achieved through reduced 
salt intake is not as advantageous as the same 

blood pressure without such intervention, the ex-
pected health benefit of salt reduction will be 
decreased (Table 2). If persons 65 years of age or 
older have the same degree of salt sensitivity as 
those younger than 65 years of age, the total es-
timated benefits of salt reduction would also be 
somewhat decreased. If blacks have no greater 
salt sensitivity than nonblacks, the magnitude of 
the anticipated effects on blacks will be reduced, 
but there will still be greater reductions in cardio-
vascular events and deaths among blacks because 
they have a higher prevalence of hypertension.

Comparison with Other Interventions

In a projection assuming a reduction in dietary 
salt of 3 g per day calculated using the high esti-
mate for the effects of salt reduction on systolic 
blood pressure, the expected reductions in cardio-
vascular events would be similar in magnitude to 

Table 2. Projected Estimates of Annual Reductions in Rates of Cardiovascular Disease with a Dietary Salt Reduction of 3 g per Day, 
in the Main Simulation and According to Various Assumptions about Differential Salt Sensitivity in the Sensitivity Analyses.*

Group Incidence of CHD Total MI† Incidence of Stroke Death from Any Cause

Low 
Estimate

High 
Estimate

Low 
Estimate

High 
Estimate

Low 
Estimate

High 
Estimate

Low 
Estimate

High 
Estimate

reduction in rate per 10,000 persons (%)‡

Main simulation

U.S. population 4.7±0.4
(6.1)

8.3±0.8)
(10.7)

3.7±0.3
(7.7)

6.2±0.6
(12.8)

2.4±0.3
(5.2)

3.9±0.5
(8.2)

3.3±0.5
(2.7)

5.4±0.8
(4.4)

Nonblack population subgroup 4.3±0.4
(6.1)

7.0±0.6
(9.8)

3.4±0.3
(7.7)

5.3±0.4
(12.0)

2.2±0.3
(5.1)

3.4±0.5
(8.0)

3.1±0.4
(2.7)

4.9±0.7
(4.3)

Black population subgroup 7.9±0.7
(9.8)

12.6±1.0
(15.8)

5.8±0.5
(11.8)

9.3±0.7
(18.7)

4.2±0.5
(7.7)

6.7±0.9
(12.4)

5.3±0.7
(4.4)

8.5±1.2
(7.0)

Sensitivity analyses

U.S. population

Diminished risk reduction with 
blood-pressure lowering§

2.8±0.3
(4.1)

4.6±0.4
(6.6)

2.5±0.2
(5.2)

4.0±0.3
(8.3)

1.6±0.2
(3.5)

2.6±0.3
(5.5)

2.3±0.3
(1.8)

3.6±0.5
(2.9)

No increased salt sensitivity 
with advanced age

4.5±0.4
(5.9)

7.3±0.6
(9.6)

3.5±0.3
(7.2)

5.6±0.5
(11.5)

2.2±0.3
(4.7)

3.6±0.5
(7.6)

3.2±0.4
(2.5)

5.2±0.7
(4.1)

Black subpopulation

No increased salt sensitivity 5.2±0.5
(6.5)

8.2±0.7
(10.3)

4.0±0.3
(8.0)

6.1±0.5
(12.4)

2.8±0.4
(5.2)

4.4±0.6
(8.1)

3.5±0.5
(2.9)

5.5±0.8
(4.6)

Black race–specific beta co-
efficients¶

6.4±2.8
(8.0)

10.0±4.2
(12.5)

4.6±2.0
(9.0)

7.0±2.9
(13.9)

4.2±0.6
(7.7)

6.8±0.9
(12.5)

4.7±1.2
(3.8)

7.4±1.8
(6.1)

* Plus–minus values are means ±SE from the Monte Carlo simulations. CHD denotes coronary heart disease, and MI myocardial infarction. 
Results based on a dietary salt reduction of 1 g per day are available with the full text of this article at NEJM.org.

† Total myocardial infarction includes new and recurrent myocardial infarctions.
‡ Rates for the nonblack and black populations were adjusted in accordance with the age of the U.S. population.
§ The cardiovascular benefit for a person with blood pressure that was lowered by reducing dietary salt was assumed to be equivalent to two 

thirds of the benefit for a person whose natural blood pressure was at that level.27,28

¶ The black race–specific beta coefficients used for all CHD risk factors are based on a published analysis from the Atherosclerosis Risk in 
Communities study.12
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or greater than those projected for interventions 
targeting tobacco, obesity, primary prevention with 
statins, and pharmacologic treatment of hyper-
tension, based on simulations for the same time 
frame and overall population (Table 3). For ex-
ample, a reduction in dietary salt of 3 g per day 
would have approximately the same effect on 
rates of CHD events as a 50% reduction in to-
bacco use, a 5% reduction in body-mass index 
among obese adults, or the use of statins to treat 
persons at low or intermediate risk for CHD 
events. Salt reduction would have a much greater 
benefit with respect to stroke prevention than 
these other interventions. A population-wide re-
duction of salt intake of 3 g per day is expected 
to result in the same reduction in death rates as 
the use of medical treatment to control hyperten-
sion in all persons with the condition. 

Cost-Effectiveness

A national effort to decrease salt consumption by 
3 g per day would result in an estimated annual 

gain of 194,000 to 392,000 QALYs and estimated 
savings of $10 billion to $24 billion in health care 
costs. Even if salt targets were achieved gradually 
over the years 2010 through 2019 (Table 4) and a 
reduction in dietary salt of only 1 g were achieved 
only by the end of the decade, such an interven-
tion is expected to result in cost savings. A salt-
reduction strategy is projected to compare favor-
ably with the provision of antihypertensive therapy 
for all persons with hypertension — a strategy 
that would result in more QALYs gained but at a 
cost of $6,000 to $26,000 for each additional 
QALY. Even if the federal government were to 
bear the entire cost of a regulatory program de-
signed to reduce salt consumption, the govern-
ment would still be expected to realize cost sav-
ings for Medicare, saving $6 to $12 in health care 
expenditures for each dollar spent on the regula-
tory program. The strategy of providing anti-
hypertensive medications for all persons with hy-
pertension would still be cost-effective if it were 
added to a successful program of population-wide 

Table 3. Projected Estimates of Comparative Effect of Various Population Interventions on Annual Reductions in Cardiovascular Events.*

Intervention Incidence of CHD Total MI† Incidence of Stroke Death from Any Cause

reduction in absolute number of events (% change from expected)

Salt reduction

1 g/day

Low estimate 22,000±2000 (2.0) 20,000±1800 (2.6) 13,000±1800 (1.7) 17,000±2400 (0.9)

High estimate 37,000±3300 (3.3) 32,000±2900 (4.2) 20,000±2900 (2.7) 28,000±3800 (1.4)

2 g/day

Low estimate 44,000±4000 (4.0) 39,000±3500 (5.1) 25,000±3500 (3.4) 34,000±4600 (1.7)

High estimate 71,500±6300 (6.4) 62,500±5400 (8.1) 40,000±5400 (5.3) 55,000±7500 (2.8)

3 g/day

Low estimate 66,000±5800 (5.9) 58,000±5100 (7.6) 37,000±5100 (5.0) 51,000±7100 (2.6)

High estimate 110,000±9200 (9.6) 92,000±7800 (12.0) 59,000±8100 (7.8) 81,000±11,000 (4.1)

Smoking cessation‡ 41,000±10,000 (3.7) 92,000±14,000 (11.9) 32,000±13,000 (4.4) 84,000±9300 (4.3)

Weight loss§ 59,000±3500 (5.3) 61,000±3200 (8.0) 5600±600 (0.7) 36,000±2000 (2.0)

Statin therapy for primary pre-
vention¶

52,000±5600 (5.3) 17,000±1800 (2.9) 6600±200 (0.9) 5400±540 (0.3)

Pharmacologic treatment of 
hypertension∥

100,000±11,000 (9.3) 100,000±9700 (13.1) 69,000±11,000 (9.3) 80,000±10,000 (4.1)

* Plus–minus values are means ±SE from the Monte Carlo simulations. CHD denotes coronary heart disease, and MI myocardial infarction.
† Total myocardial infarction includes new and recurrent myocardial infarctions.
‡ Smoking cessation was defined as elimination of 50% of use of or exposure to tobacco.
§ Weight loss was defined as a 5% reduction in body-mass index in an obese adult.
¶ Cholesterol treatment for primary prevention was defined according to the National Cholesterol Education Program Adult Treatment Panel 

III guidelines as treatment with statins in persons with a 10-year risk of CHD of less than 20%.
∥ Pharmacologic treatment of hypertension was defined on the basis of treatment of all persons with hypertension to the degree described in 

the Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial.24
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dietary salt reduction, but the number of persons 
requiring treatment with such medications would 
be markedly reduced; the number of women with 
hypertension would be reduced by 16 to 24%, 
and the number of men by 22 to 34%, with a sav-
ings of $3 billion to $6 billion annually in the 
cost of treating hypertension.

Discussion

Despite evidence linking salt intake to hyperten-
sion and cardiovascular disease, dietary salt intake 
in the U.S. is on the rise. This worsening trend 
has led to calls for population-wide interventions 
to reduce salt in the U.S. diet29 — interventions 
already adopted in other countries.7 Our findings 
provide evidence to support these calls for ac-
tion. Our postulated dietary reduction of 3 g of 
salt per day, which is within the range targeted 
by other developed countries, is projected to ben-
efit the entire U.S. population and yield substan-
tial reductions in morbidity, mortality, and health 
care costs. The population-wide benefits of salt 
reduction are similar in magnitude to the bene-
fits that would accrue from other public health 
and clinical interventions and would reduce costs 
even if only a more modest reduction of 1 g of 
salt per day were achieved gradually over time.

Changes in behavior are notoriously difficult 
to achieve, and attempts to lower dietary salt 
intake on an individual basis have largely proved 
to be ineffective.5 Nevertheless, cholesterol levels 
in the U.S. population fell before the widespread 
use of cholesterol-lowering medications, and smok-
ing rates have fallen substantially as the result of 
a combination of regulatory, public health, and 
individual approaches to smoking cessation. The 
large and growing burden of hypertension, de-
spite improved medical therapies,30 and increased 
awareness that dietary salt reduction can help pre-
vent and treat hypertension reinforce the urgent 
need for dietary change. 

There is a considerable body of literature link-
ing higher salt intake with higher blood pressure 
and increased cardiovascular risk,16,31 and ran-
domized trials have shown that a diet that is 
lower in salt reduces both blood pressure17,32 and 
cardiovascular risk.31 Despite concerns about the 
accurate assessment of salt intake, the difficulty 
of adhering to a low-salt diet, and the theoretical 
increase in the risks associated with diets that are 
very low in salt, several large meta-analyses and 

reports from the Institute of Medicine3,5,16,27,34 
have concluded that reducing dietary salt would 
lower blood pressure and reduce cardiovascular 
risk. Professional societies, including the American 
Medical Association, the American Heart Associ-
ation, the American Society of Hypertension, and 
the World Health Organization, have endorsed 
population-wide efforts to reduce salt intake.

The results of our study are similar to those 
of other analyses35,36 and extend the findings of 
these analyses in important ways. We incorpo-
rated updated information on distributions of the 
prevalence of cardiovascular risk factors, particu-
larly hypertension, in the entire U.S. population 
and in the black and nonblack subpopulations. 
We considered current levels of hypertension treat-
ment, treatment and control of other cardiovascu-
lar risk factors, and competing and ongoing risks 
among persons in whom death was averted. Our 
expectations concerning the cardiovascular ben-
efits of salt reduction are similar to those an-
ticipated for established public health targets 
such as reducing tobacco use, obesity, and levels 
of LDL cholesterol. Targeted interventions have 
very large per-person effects, but their benefits 
are restricted to the smaller numbers of affected 
persons who are at increased risk. Lowering salt 
in the U.S. diet would result in small but mea-
surable reductions in blood pressure across the 
entire U.S. population, thereby reducing rates of 
cardiovascular disease among all adults at risk.

A national regulatory effort to lower dietary 
salt intake would be cost-saving even if only a 
modest salt reduction were achieved after a de-
cade. If a population-wide approach to lowering 
salt intake were sponsored by the federal gov-
ernment, the savings in expenditures for Medi-
care, the major federally sponsored health care 
program, would be greater than the cost of the 
regulatory intervention itself, even without the 
incremental benefits for younger persons not 
covered by Medicare. Some costs, such as those 
borne by the food industry in reformulating pro-
cessed foods, are not considered in these analy-
ses. However, as salt intake is reduced, people 
appear to prefer food with less salt,15 a phenom-
enon that is probably related to the accommoda-
tion of taste receptors over the course of weeks 
to months.37 In the United Kingdom, a popula-
tion-wide reduction in dietary salt of 10% was 
achieved in 4 years38 without a reduction in sales 
of the food products included in the initial effort 
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and without consumer complaints about taste. 
The magnitude of the health benefit suggests that 
salt should be a regulatory target of the Food and 
Drug Administration, which currently designates 
salt as a food additive that is “generally regarded 
as safe.”29

We projected that similar levels of salt reduc-
tion may be of proportionately greater benefit to 
certain subpopulations. Blacks have high rates 
of hypertension and cardiovascular diseases that 
contribute to racial disparities in mortality39; the 
benefits of a diet lower in salt could narrow 
these disparities. Similarly, women would have a 
proportionately greater benefit than men because 
women have a higher lifetime risk of stroke.11 
Young and middle-aged adults could benefit be-
cause of the relative importance of blood-pres-
sure elevations in younger adults without other 
major risk factors for cardiovascular disease. 
Blood-pressure elevations in young adulthood 
increase the likelihood that atherosclerosis9 and 
other illnesses will develop by middle age,40 yet 
younger adults with hypertension are less likely 
to receive treatment for it.41 The benefits of salt 
reduction may be even greater than we have 
projected if hypertension is completely prevented 
or its onset delayed by lowering salt intake even 
earlier, during childhood and adolescence.42

Projections such as ours are limited by any 
uncertainty concerning the data entered into the 
model. We modeled the effects of salt reduction 
on blood pressure in accordance with published 
data and assumed that the health benefits of salt 
reduction were mediated through these blood-
pressure reductions. We did not account fully for 
possible effects of salt reduction that are unre-
lated to control of blood pressure — for exam-
ple, potential improvements in outcomes for the 

increasing numbers of patients with heart fail-
ure or prevention of other serious conditions, 
such as end-stage renal disease. Our estimates 
of the differential effects of salt reduction ac-
cording to age and race were extrapolated from 
clinical-trial data, and there is uncertainty about 
these effects on the total population; however, 
sensitivity analyses suggest that our primary find-
ings are not dependent on variations in these 
assumptions. We modeled only the linear effects 
of reduced salt intake on reductions in blood 
pressure. It has been suggested that these effects 
may be nonlinear,17 with greater reductions in 
blood pressure at lower levels of salt intake; such 
an assumption would result in larger reductions 
in cardiovascular disease than we present here.

Even with these limitations, our simulations 
suggest that modest reductions in dietary salt 
would yield substantial health benefits across 
the U.S. population of adults by lowering rates 
of cardiovascular events and death and reducing 
medical costs. Our findings underscore the need 
for an urgent call to action that will make it pos-
sible to achieve these readily attainable cardio-
vascular benefits. 
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Pr esen tation of C a se

Dr. William D. Binder (Emergency Services): A 25-year-old man was transferred to the 
emergency department of this hospital because of pain and swelling of the right hand 
and hypotension.

The patient had been well until 2 days earlier, when he noticed a lesion on the 
dorsum of his right hand, which he thought was an insect bite. The next day, the hand 
became swollen and painful, and he felt ill. In the evening, he had difficulty using 
his hand while working on a computer. The next morning, he had chills, and his 
temperature rose to 38.6°C. At 5 p.m., the patient’s mother returned home and found 
him obtunded, vomiting, and incontinent of feces and urine. His temperature was 
38.6°C. He was taken by emergency medical services to the emergency department 
of another hospital.

The patient appeared acutely ill and confused. The blood pressure was 73/25 mm Hg, 
the temperature 37.9°C, the pulse 145 beats per minute, the respiratory rate 30 
breaths per minute, and the oxygen saturation 100% while the patient was breath-
ing 6 liters of oxygen by nasal cannula. The skin appeared cyanotic and was cool. 
The right hand was mottled and swollen, with a black eschar, 1 cm in diameter, on 
the dorsum; the swelling extended up the proximal forearm. Capillary refill occurred 
in 4 seconds. The patient was able to move his fingers, but the range of motion was 
limited. Laboratory-test results are shown in Table 1. The right arm was immobi-
lized on pillows. Specimens of blood were sent for culture. Electrocardiography 
showed sinus tachycardia and nonspecific ST-segment and T-wave changes. Two pe-
ripheral intravenous lines, a triple-lumen internal jugular line, and a urethral cath-
eter were inserted. There was little urinary output, and the stool was heme-positive. 

During 3.6 hours in the emergency department, 10 liters of crystalloid solution 
were infused intravenously, as were ceftriaxone, methylprednisolone, diphenhydramine, 
piperacillin and tazobactam sodium, pantoprazole, naloxone, potassium chloride, and 
magnesium sulfate. One dose each of acetaminophen and tetanus toxoid was given, 
and norepinephrine was administered, with the dose adjusted to maintain a mean 
arterial pressure of more than 65 mm Hg. The skin became less cyanotic, and a 

Case 2-2009: A 25-Year-Old Man 
with Pain and Swelling of the Right Hand 

and Hypotension
Michael R. Filbin, M.D., David C. Ring, M.D., Ph.D., Michael R. Wessels, M.D., 

Laura L. Avery, M.D., and Richard L. Kradin, M.D.
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flushed, deep-red color developed; blue discolor-
ation persisted over the fingers of the right hand 
distally. Urinary output improved. Computed to-
mography (CT) of the right hand, performed with-
out contrast material, showed soft-tissue swelling 
along the dorsum of the hand, with extension to 
the level of the extensor tendons. There was no 

subcutaneous air, loculated fluid collection, in-
tramuscular abscess, or destruction of bone. The 
patient was transferred to the emergency depart-
ment of this hospital, arriving 1.4 hours later. 
Medications administered during transfer included 
norepinephrine (for blood pressure) and morphine 
(as needed, for pain).

Table 1. Hematologic and Blood Chemical Laboratory Data.*

Variable

Reference Range,
Adults (This
Hospital)†

Other Hospital,
on Admission

This Hospital,
on Admission

Hematocrit (%) 41.0–53.0 (men) 57.3 44.0

Hemoglobin (g/dl) 13.5–17.5 (men) 19.9 15.9

White-cell count(per mm3) 4,500–11,000 13,000 17,900

Differential count (%)

Neutrophils 40–70 36 32

Band forms 0–10 22 24

Lymphocytes 22–44 6 0

Monocytes 4–11 8 3

Eosinophils 0–8 2 0

Metamyelocytes 0 20 40

Myelocytes 0 6 1

Platelet count (per mm3) 150,000–350,000 187,000 133,000

Activated partial-thromboplastin time (sec) 22.1–34.0 41.9

Prothrombin time (sec) 10.3–13.2 18.5

Prothrombin time (international normalized 
ratio)

1.8

Glucose (mg/dl) 70–110 74 118

Sodium (mmol/liter) 135–145 140 141

Potassium (mmol/liter) 3.4–4.8 2.8 3.6

Chloride (mmol/liter) 100–108 101 110

Carbon dioxide (mmol/liter) 23.0–31.9 24 21.0

Urea nitrogen (mg/dl) 8–25 22 22

Creatinine (mg/dl) 0.6–1.5 3.9 2.4

Bilirubin (mg/dl)

Total 0.0–1.0 0.9 0.9

Direct 0–0.4 0.4

Total protein (g/dl) 6.0–8.3 6.3 4.1

Albumin 3.3–5.0 3.6 2.5

Globulin 2.6–4.1 1.6

Phosphorus (mg/dl) 2.6–4.5 3.2 2.8

Magnesium (mmol/liter) 0.7–1.0 0.6 0.6

Calcium (mg/dl) 8.5–10.5 9.0 7.0

Ionized calcium (mmol/liter) 1.14–1.30 1.09
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The patient had seasonal allergies. As a child, 
he had undergone myringotomies and an inguinal 
herniorrhaphy, and his wisdom teeth had been 
extracted. He was allergic to sulfamethoxazole, 
which had caused desquamation. He lived with his 
family on a farm in New England, had worked 
in the construction industry, and was exposed to 
horses, dogs, and cats. He hunted, most recently 
7 months earlier, and had not traveled recently. 
His mother reported that the patient had recently 
had abscesses on his left chin and buttocks, which 
he had treated with warm compresses. He had also 
recently taken a course of prednisone for a per-

sistent cough and took cetirizine, as needed, for 
allergies. He smoked cigarettes and drank alcohol 
socially; he did not use intravenous drugs. His 
parents were well; other family members had dia-
betes, hypertension, and thyroid disease.

On examination in the emergency department, 
the patient appeared ill and lethargic but was 
easily aroused and became oriented. The tempera-
ture was 37.3°C and rose to 37.9°C within 20 min-
utes. The blood pressure was 92/50 mm Hg, the 
pulse 129 beats per minute, the respiratory rate 
28 breaths per minute, and the oxygen saturation 
was 96% while he was breathing 100% oxygen 

Table 1. (Continued.)

Variable
Reference Range, Adults 

(This Hospital)†
Other Hospital, 
on Admission

This Hospital, 
on Admission

Creatine kinase (U/liter) 60–400 (men) 1,886 2,934

Isoenzymes (ng/ml) 0.0–6.9 36.6 71.3

Isoenzyme index (%) 0.0–3.5 1.9 2.4

Troponin I Negative Negative Negative

Troponin T (ng/ml) 0.00–0.09 <0.01

Lactic acid (mmol/liter) 0.5–2.2 7.5 2.3

Alkaline phosphatase (U/liter) 45–115 78 35

Aspartate aminotransferase (U/liter) 10–40 64 123

Alanine aminotransferase (U/liter) 10–55 47 72

Lipase (U/dl) 1.3–6.0 0.9

Amylase (U/liter) 3–100 32

Alcohol (mg/dl) <10 <10

Toxicology screen Presumptively positive for 
methadone, otherwise 
negative‡

Blood gas (with 100% inspired oxygen; tem-
perature, 37.2°C)

Source Arterial Not specified

pH 7.32–7.45 7.30 7.26

Partial pressure of carbon dioxide (mm Hg)§ 35–50 37.1 45

Partial pressure of oxygen (mm Hg)§ 40–90 198 56

* To convert the values for glucose to millimoles per liter, multiply by 0.05551. To convert the values for urea nitrogen to 
millimoles per liter, multiply by 0.357. To convert the values for creatinine to micromoles per liter, multiply by 88.4. To 
convert the values for bilirubin to micromoles per liter, multiply by 17.1. To convert the values for phosphorus to milli-
moles per liter, multiply by 0.3229. To convert the values for magnesium to milliequivalents per liter, multiply by 2. To 
convert the values for calcium to millimoles per liter, multiply by 0.250. 

† Reference values are affected by many variables, including the patient population and the laboratory methods used. The 
ranges used at Massachusetts General Hospital are for adults who are not pregnant and do not have medical condi-
tions that could affect the results. They may therefore not be appropriate for all patients.

‡ The sample was drawn after the administration of naloxone.
§ The reference range for the partial pressure of carbon dioxide at the other hospital was 35 to 45 mm Hg, and the refer-

ence range for the partial pressure of oxygen 80 to 100 mm Hg.
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through a nonrebreathing mask. Jugular venous 
distention was 10 cm, measured at a 45-degree 
angle. Crackles were present in both lungs. There 
was a brown circular area of necrotic skin, 2 cm 
in diameter, on the mid-dorsum of the right hand, 
with two central pinpoint marks (Fig. 1A). The soft 
tissue of the hand and wrist was erythematous 
and swollen over the palmar and dorsal surfaces 
to the proximal forearm (Fig. 1B), and it was ex-
quisitely tender when palpated. The fingers of the 
right hand were held in flexion; sensation of light 
touch was intact in the distribution of the radial, 
ulnar, and median nerves, and radial and ulnar 
pulses were 2+ on palpation. The patient was un-
able to move the fingers of the right hand more 
than 2 to 3 mm, and passive motion of the fingers 
induced severe pain. There was no crepitation. 
Petechiae were present on both legs. The remain-
der of the examination was normal. Results of 
laboratory tests are shown in Table 1. A radiograph 

of the hand revealed prominent soft-tissue swell-
ing, predominantly along the dorsum of the hand; 
no radiopaque foreign body or subcutaneous air 
was identified. A chest radiograph showed perihi-
lar opacities and blurring of the pulmonary vascu-
lature, findings that were consistent with inter-
stitial edema. An internal jugular venous catheter 
terminated in the superior vena cava.

Vancomycin and clindamycin were adminis-
tered intravenously, and norepinephrine was con-
tinued. A procedure was performed.

Differ en ti a l Di agnosis

Dr. Michael R. Filbin: I am aware of the diagnosis in 
this case. This previously healthy young man pre-
sented to the emergency department with shock, 
presumably due to a rapidly progressive infection 
involving his right hand and forearm. May we see 
the radiographic images?

Dr. Laura L. Avery: An axial CT image of the right 
hand obtained at the other hospital shows diffuse 
soft-tissue swelling superficial to the extensor ten-
dons throughout the dorsum of the hand (Fig. 2A). 
There is no evidence of loculated fluid collection 
or abscess formation in the deep musculature. 
Plain films of the hand show soft-tissue swelling 
along the dorsal and palmar surfaces without evi-
dence of bone destruction (Fig. 2B and 2C). The 
chest radiograph obtained on admission to this 
hospital showed perihilar opacities blurring the 
pulmonary vasculature, a finding that was con-
sistent with pulmonary edema.

Dr. Filbin: This patient has severe sepsis, a diag-
nosis based on a temperature greater than 38.0°C, 
a heart rate of more than 90 beats per minute, 
respirations of more than 20 breaths per minute, 
a white-cell count of more than 12,000 per cubic 
millimeter, and evidence of organ dysfunction; the 
organ dysfunction places him at increased risk for 
death.1 The patient also has septic shock, as de-
fined by the presence of persistent hypotension 
(systolic blood pressure <90 mm Hg) despite ad-
equate volume resuscitation. In this case, the work-
ing diagnosis was septic shock due to necrotizing 
fasciitis involving the right hand and forearm.

Discussion of M a nagemen t

Early Goal-Directed Therapy for Septic Shock 

Septic shock is associated with a mortality rate of 
30 to 50%. This patient’s condition therefore re-

A

B

Figure 1. Clinical Photographs of the Hand 
at Presentation.

The small, innocuous-appearing wound on the dorsum 
of the hand (Panel A), with swelling and erythema, is 
consistent with cellulitis. Also shown is the volar aspect 
of the hand (Panel B).
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quired urgent, aggressive management on his ad-
mission to the emergency department of the other 
hospital. The keys to treating his septic shock were 
restoring tissue perfusion, providing prompt ad-
ministration of antimicrobial therapy, and remov-
ing the source of infection. Early goal-directed 
therapy, a three-part algorithm for managing sep-
tic shock, is associated with a significant decrease 
in the risk of death when initiated soon after a pa-
tient’s admission to an emergency department.2

The first objective in early goal-directed ther-
apy is to provide adequate volume resuscitation, 
which is usually achieved through rapid intrave-
nous administration of crystalloid fluid (a 500- to 
1000-ml bolus of normal saline every 30 minutes). 
This patient received aggressive fluid resuscitation 
through a central venous catheter until there was 
evidence of volume overload. His central venous 
pressure remained at 7 mm Hg, just below the 
normal value (8 to 12 mm Hg), indicating the pres-
ence of ongoing peripheral vasodilatation.

If initial fluid resuscitation fails to restore ad-
equate tissue perfusion, as it did in this case, the 
second step in early goal-directed therapy is to use 
vasopressors to maintain mean systemic arterial 
pressure above 65 mm Hg. Norepinephrine was 
used in this case; it is the vasopressor of choice 
because it results in peripheral vasoconstriction 
without causing clinically significant tachycardia. 

By the time the patient arrived at this hospital, he 
had hypotension, despite having received aggres-
sive crystalloid resuscitation and vasopressor sup-
port. There was also evidence of pulmonary capil-
lary dysfunction, including tachypnea, rales on 
auscultation of the chest, and detection of pulmo-
nary infiltrates on chest radiographs — all signs 
of the development of the acute respiratory distress 
syndrome and volume overload. In such a case, 
endotracheal intubation should be strongly con-
sidered to prevent sudden respiratory collapse. 
However, this patient’s condition remained stable, 
and we were able to avoid intubation.

The third objective is to achieve adequate tissue 
perfusion, as measured by central venous oxygen 
saturation. This patient was awake and alert, with 
an adequate respiratory effort, and did not require 
mechanical ventilation. Other strategies used to 
achieve adequate tissue perfusion, which did not 
prove necessary in this case, include increasing 
the concentration of oxygen-carrying hemoglobin 
or increasing cardiac output with an inotropic 
agent, such as dobutamine.

In addition to early goal-directed therapy, time-
ly and appropriate antibiotic administration has 
been shown to reduce the mortality rate signifi-
cantly.3 Initial coverage should be broad, with 
treatment for gram-positive, gram-negative, and 
anaerobic species. Vancomycin was used in this 

A B C

Figure 2. Radiographic Images of the Hand.

An axial image from a CT scan of the right hand obtained at the other hospital, without intravenous contrast materi-
al, shows soft-tissue swelling overlying the dorsum of the hand (Panel A, arrow). The soft-tissue abnormality ex-
tends deeply into the hand, to the level of the extensor tendons (Panel A, arrowhead). No subcutaneous air or locu-
lated fluid collections were identified, and no osseous destruction was identified. Anteroposterior and lateral views 
of the right hand (Panels B and C, respectively) show prominent soft-tissue swelling along the dorsum of the hand.
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patient because of the possibility of community-
acquired methicillin-resistant Staphylococcus au-
reus. Clindamycin was used for its superior action 
against group A streptococcus, an organism of-
ten found in necrotizing fasciitis.

The maintenance of tissue perfusion, blood 
pressure, and oxygenation and the administration 
of antimicrobial therapy are temporizing measures 
that are used until surgical exploration and re-
moval of the source of infection are performed. 
The patient was taken to the operating room 4.25 
hours after arrival in our emergency department.

Surgical Management of Necrotizing 
Fasciitis

Dr. David C. Ring: In evaluating this patient’s infect-
ed arm in preparation for surgery, I first looked 
for an appropriate operative target, such as an ab-
scess, a closed-space infection, septic arthritis, or 
osteomyelitis. The absence of such a target usu-
ally suggests a simple cellulitis, which is generally 
not an indication for surgery. Clues to a more seri-
ous infection would be crepitation with palpation 
of the skin or visible gas, either in the skin or on 
imaging studies — both were absent in this pa-
tient. The clue that pointed to a more severe in-
fection than simple cellulitis was the combination 
of extreme pain on finger motion or palpation and 
severe septic shock. In view of these findings, 
I considered the infection to be life-threatening 
and immediately had the patient taken to the op-
erating room for biopsy and definitive treatment. 

On incision, clues such as fat necrosis (often 
referred to as dishwater pus) and thrombosis of 
subcutaneous veins (sometimes called spider-web 
veins) would suggest necrotizing fasciitis. The for-
mer (Fig. 3A), but not the latter, was present in this 
patient. The surgeon must remove involved fascia 
and overlying skin and, in severe cases, underlying 
muscle, until all infected and devitalized tissue has 
been removed. It is essential to work closely with 
a pathologist, who provides critical feedback, de-
termining when all histologically abnormal tissue 
has been removed. When the patient is critically ill, 
limb amputation may be necessary for survival.

In this patient, the skin of the palm and dig-
its was not involved, and the infection extended to 
the elbow. Complete débridement of the skin and 
fascia was performed (Fig. 3B and 3C). The exten-
sor tendons were covered with a free microvascu-
lar lateral arm flap, and the muscle, exposed up to 

the elbow, was covered with split-thickness skin 
grafts (Fig. 3D).

Dr .  Mich a el R .  Filbin’s 
Di agnosis

Necrotizing fasciitis with resulting septic shock.

Pathol o gic a l Discussion

Dr. Richard L. Kradin: The tissue removed from the 
right hand and arm shows the variegated appear-
ance of necrotizing fasciitis. At low magnification, 
focal epidermal vesicle formation can be seen in 
the skin. The superficial dermis is edematous, but 
there is little inflammation. However, the deep der-
mis has a dirty appearance, which is due to exten-
sive, paucicellular, liquefactive necrosis involving 
the fascial planes and superficial fat of the sub-
cutis (Fig. 4A). Small blood vessels contain patchy 
intraluminal thrombi (Fig. 4A, inset). Inflamma-
tion ranges in areas from mild to marked, with a 
mixed infiltrate of mononuclear cells and poly-
morphonuclear neutrophils. Focal abscess forma-
tion is present (Fig. 4B). Abundant gram-positive 
cocci, mostly in chains ― a finding that is con-
sistent with the presence of streptococcal species 
― are seen in areas of necrosis (Fig. 4B, inset). 
Culture of tissue obtained during the surgical pro-
cedure subsequently grew group A streptococci. 
The histopathological and microbiologic results 
are diagnostic of necrotizing fasciitis due to in-
fection with group A streptococci.

Necrotizing fasciitis is defined pathologically 
by necrosis of the deep soft tissue, including fas-
cia, with relative sparing of skeletal muscle. It re-
sults in extensive necrosis that often largely spares 
the overlying skin. This case is typical of necro-
tizing fasciitis, occurring after a minor skin wound 
in an otherwise healthy person, with monomicro-
bial group A streptococcal infection.

Group A Streptococcus

Dr. Michael R. Wessels: This case illustrates the im-
pressive potential virulence of group A streptococ-
cus in a previously healthy person. This patient had 
a localized infection at the site of minor trauma, 
which progressed rapidly to necrotizing fasciitis, 
involving the entire forearm, and severe systemic 
manifestations of hypotension, coagulopathy, re-
nal failure, and respiratory insufficiency.
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Necrotizing Fasciitis

In this patient, the portal of entry for the infec-
tion that caused necrotizing fasciitis was his right 
hand. However, the most common presentations 
of necrotizing fasciitis involve the abdominal wall 
or perineum, often with polymicrobial infection 

due to spontaneous, traumatic, or surgical disrup-
tion of bowel integrity, particularly in patients with 
diabetes or immunosuppression. In a patient such 
as this one, who was healthy and had not recently 
undergone surgery, monomicrobial infection is the 
rule, with streptococci or S. aureus, including 

A B

DC

Figure 3. Intraoperative and Follow-Up Clinical Images of the Hand and Arm.

On incision of the dorsum of the right hand, fat necrosis (so-called dishwater pus) was encountered (Panel A). The 
infection had spread along the fascia to the elbow, with thrombosis of small blood vessels (Panel B). The palmar 
skin of the hand and the dorsum of the fingertips were spared (Panel C). Four months after skin grafting and free 
microvascular-flap coverage of the exposed muscle, the patient was back to work and was regaining hand function 
(Panel D).
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meth i cillin-resistant S. aureus, implicated most fre-
quently. Necrotizing fasciitis arising as a compli-
cation of injection-drug use is often caused by 
clostridium species, notably Clostridium sordellii in 
association with black-tar heroin.4,5

Necrotizing fasciitis is often preceded by a mi-
nor injury involving a break in the skin, as it was 
in this patient. Intact human skin is highly re-
sistant to streptococcal infection. Skin changes 
are often subtle or absent during the early stages 
of infection, as they were in this patient. However, 
severe pain and tenderness of the involved area 
are typical, and in this case provided an impor-
tant clue to the diagnosis. Two interesting findings 

in this case were the absence of frank pus associ-
ated with the infected tissue and a relative pau-
city of neutrophils on histologic evaluation. The 
latter finding is considered to be an unfavorable 
prognostic sign in necrotizing fasciitis and may 
reflect the capacity of group A streptococcus to 
produce hemolysins and proteases that destroy 
neutrophils and inhibit their recruitment to the 
site of infection.6-12

Streptococcal Toxic Shock Syndrome

This patient’s illness also involved severe systemic 
manifestations of shock, coagulopathy, and organ 
failure, a constellation of findings that is consis-
tent with the diagnosis of streptococcal toxic shock 
syndrome,13,14 which is associated with a 36% 
mortality rate — higher than that with any other 
streptococcal infection syndrome, including ne-
crotizing fasciitis, endocarditis, and meningitis.15 
Most patients infected with an invasive strain of 
group A streptococcus have an asymptomatic in-
fection or self-limited pharyngitis.12,13 Why does 
a life-threatening infection develop occasionally 
in one person, such as this young man, from the 
same strain that causes minimal disease in oth-
ers? For otherwise healthy people, the risk of strep-
tococcal toxic shock syndrome is higher among 
those with low levels of specific antibodies against 
the infecting strain and against streptococcal su-
perantigens produced by that strain.16,17 In addi-
tion, specific major-histocompatibility-complex 
(MHC) class II alleles may have increased affinity 
for binding group A streptococcus toxins, result-
ing in an increased release of cytokines, which are 
thought to be at least in part responsible for the 
manifestations of the toxic shock syndrome. Peo-
ple in whom these alleles are expressed appear to 
be at higher risk for the development of strepto-
coccal toxic shock syndrome than do those with-
out the expression of such alleles.18

Antibiotic Therapy

In a case like this, when group A streptococcus is 
identified as the sole pathogen, penicillin or an-
other beta-lactam antibiotic can be used. However, 
the clinical response to penicillin treatment may 
be slow. Penicillin, which inhibits bacterial cell-
wall synthesis, is relatively inactive against bacte-
ria that are no longer rapidly dividing, as may occur 
after group A streptococci reach a high density in 
the tissue. Clindamycin, which works indepen-
dently of the bacterial growth phase, may have the 

A

B

Figure 4. Specimens of Skin and Soft Tissue Removed 
at the Time of Surgical Exploration.

At low magnification (Panel A, hematoxylin and eo-
sin), extensive bands of liquefactive necrosis and 
patchy inflammation of the deep dermis and subcutis 
are evident. A muscular artery (Panel A, inset) con-
tains an eccentric intraluminal thrombus (arrowhead). 
Focal abscess formation, with numerous degenerating 
neutrophils, is present in the deep dermis (Panel B, 
hematoxylin and eosin). Gram’s staining of a tissue 
sample by the Brown and Hopps method shows many 
gram-positive cocci, mostly in chains, in areas of ne-
crosis (Panel B, inset, arrows).
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added benefit of directly inhibiting synthesis of 
group A streptococcal toxins. I would thus recom-
mend clindamycin as part of the antibiotic regi-
men for this patient. Although resistance is rare, 
clindamycin should not be used alone in patients 
with life-threatening infection until the suscepti-
bility of the isolate has been confirmed.

Intravenous immune globulin has been sug-
gested as adjunctive therapy in patients with the 
toxic shock syndrome, in order to provide direct 
neutralization of streptococcal toxins and to exert 
immunomodulatory effects on T cells. However, 
no adequately powered, randomized, controlled 
trial has been completed to establish whether in-
travenous immunoglobulin is beneficial.19

Dr. Ring: The patient was transferred to the 
intensive care unit, and his condition stabilized 
within 24 hours. He was treated with penicillin G, 
clindamycin, vancomycin, and cefepime in the im-
mediate postoperative period; he also received in-
travenous immune globulin on the first 3 days at 
the recommendation of infectious-disease consul-
tants. He was discharged home on the 16th hos-
pital day. One month after the final reconstruc-
tive surgery, his grafts were healed, and some 
motility had returned in his fingers. Four months 
after the procedure, he was back to work as a 
welder and had recovered nearly complete range 
of motion in his hand and arm (Fig. 3D).

Dr. Binder: Approximately 3 weeks after the pa-
tient’s discharge from the hospital, a sore throat 
developed, and a throat culture obtained at an 
outside hospital was positive for group A strep-
tococcus. The patient was treated with benzathine 
penicillin. Approximately 6 weeks after discharge, 
cellulitis of the right leg developed, which rapidly 
improved with the administration of vancomycin, 
clindamycin, and penicillin. At this time, the pa-
tient’s throat culture was again positive for group 
A streptococcus. The initial plan was to adminis-
ter monthly prophylaxis with benzathine penicil-
lin. After receiving several intramuscular injec-
tions, the patient declined further injections and 

has subsequently been treated with oral penicillin, 
taken twice daily. Since starting penicillin prophy-
laxis, he has not had any further infections.

Because of these recurrent infections, the pa-
tient was evaluated for a possible immunodefi-
ciency. Serum immunoglobulins and total comple-
ment levels were normal, except for an IgE level 
of 1180 IU per milliliter (reference range, 0 to 100). 
The diagnosis of the hyperimmunoglobulinemia 
E syndrome was considered, but it was believed 
that neither the patient’s history nor the labora-
tory findings clearly supported the diagnosis of 
immunodeficiency.

A Physician: If we lived in an area inhabited by 
rattlesnakes, this lesion would be very hard to dis-
tinguish from a snakebite, with the two puncture 
wounds on the hand. How would you differenti-
ate these two entities?

Dr. Filbin: It would be difficult to distinguish 
necrotizing fasciitis from a rattlesnake bite. A bite 
could cause localized necrosis, erythema, and 
pain. Although rattlesnakes are not endemic in 
this area, pets are an important source of rattle-
snake bites. The systemic response to a rattlesnake 
bite results in coagulopathy with disseminated in-
travascular coagulopathy, as opposed to sepsis and 
distributive shock. However, a bite wound may 
lead to necrotizing fasciitis with resulting septic 
shock.

A nat omic a l Di agnosis

Necrotizing fasciitis and the toxic shock syndrome, 
caused by group A streptococcal infection.
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A bs tr ac t

Background

Surgery has become an integral part of global health care, with an estimated 234 
million operations performed yearly. Surgical complications are common and often 
preventable. We hypothesized that a program to implement a 19-item surgical 
safety checklist designed to improve team communication and consistency of care 
would reduce complications and deaths associated with surgery.

Methods

Between October 2007 and September 2008, eight hospitals in eight cities (Toronto, 
Canada; New Delhi, India; Amman, Jordan; Auckland, New Zealand; Manila, Phil-
ippines; Ifakara, Tanzania; London, England; and Seattle, WA) representing a vari-
ety of economic circumstances and diverse populations of patients participated in 
the World Health Organization’s Safe Surgery Saves Lives program. We prospec-
tively collected data on clinical processes and outcomes from 3733 consecutively 
enrolled patients 16 years of age or older who were undergoing noncardiac surgery. 
We subsequently collected data on 3955 consecutively enrolled patients after the 
introduction of the Surgical Safety Checklist. The primary end point was the rate of 
complications, including death, during hospitalization within the first 30 days after 
the operation.

Results

The rate of death was 1.5% before the checklist was introduced and declined to 
0.8% afterward (P = 0.003). Inpatient complications occurred in 11.0% of patients at 
baseline and in 7.0% after introduction of the checklist (P<0.001).

Conclusions

Implementation of the checklist was associated with concomitant reductions in the 
rates of death and complications among patients at least 16 years of age who were 
undergoing noncardiac surgery in a diverse group of hospitals.
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Surgical care is an integral part of 
health care throughout the world, with an 
estimated 234 million operations performed 

annually.1 This yearly volume now exceeds that of 
childbirth.2 Surgery is performed in every com-
munity: wealthy and poor, rural and urban, and in 
all regions. The World Bank reported that in 2002, 
an estimated 164 million disability-adjusted life-
years, representing 11% of the entire disease bur-
den, were attributable to surgically treatable con-
ditions.3 Although surgical care can prevent loss 
of life or limb, it is also associated with a consid-
erable risk of complications and death. The risk 
of complications is poorly characterized in many 
parts of the world, but studies in industrialized 
countries have shown a perioperative rate of death 
from inpatient surgery of 0.4 to 0.8% and a rate 
of major complications of 3 to 17%.4,5 These 

rates are likely to be much higher in developing 
countries.6-9 Thus, surgical care and its attendant 
complications represent a substantial burden of 
disease worthy of attention from the public health 
community worldwide.

Data suggest that at least half of all surgical 
complications are avoidable.4,5 Previous efforts to 
implement practices designed to reduce surgical-
site infections or anesthesia-related mishaps have 
been shown to reduce complications significant-
ly.10-12 A growing body of evidence also links 
teamwork in surgery to improved outcomes, with 
high-functioning teams achieving significantly 
reduced rates of adverse events.13,14

In 2008, the World Health Organization 
(WHO) published guidelines identifying multiple 
recommended practices to ensure the safety of 
surgical patients worldwide.15 On the basis of 

Table 1. Elements of the Surgical Safety Checklist.*

Sign in

Before induction of anesthesia, members of the team (at least the nurse and an anesthesia professional) orally confirm that:

The patient has verified his or her identity, the surgical site and procedure, and consent

The surgical site is marked or site marking is not applicable

The pulse oximeter is on the patient and functioning

All members of the team are aware of whether the patient has a known allergy

The patient’s airway and risk of aspiration have been evaluated and appropriate equipment and assistance are 
available

If there is a risk of blood loss of at least 500 ml (or 7 ml/kg of body weight, in children), appropriate access and fluids 
are available

Time out

Before skin incision, the entire team (nurses, surgeons, anesthesia professionals, and any others participating in the care 
of the patient) orally:

Confirms that all team members have been introduced by name and role

Confirms the patient’s identity, surgical site, and procedure

Reviews the anticipated critical events

Surgeon reviews critical and unexpected steps, operative duration, and anticipated blood loss

Anesthesia staff review concerns specific to the patient

Nursing staff review confirmation of sterility, equipment availability, and other concerns

Confirms that prophylactic antibiotics have been administered ≤60 min before incision is made or that antibiotics are 
not indicated

Confirms that all essential imaging results for the correct patient are displayed in the operating room

Sign out
Before the patient leaves the operating room:

Nurse reviews items aloud with the team

Name of the procedure as recorded

That the needle, sponge, and instrument counts are complete (or not applicable)

That the specimen (if any) is correctly labeled, including with the patient’s name

Whether there are any issues with equipment to be addressed

The surgeon, nurse, and anesthesia professional review aloud the key concerns for the recovery and care of the patient

* The checklist is based on the first edition of the WHO Guidelines for Safe Surgery.15 For the complete checklist, see the 
Supplementary Appendix.
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these guidelines, we designed a 19-item check-
list intended to be globally applicable and to 
reduce the rate of major surgical complications 
(Table 1). (For the formatted checklist, see the 
Supplementary Appendix, available with the full 
text of this article at NEJM.org.) We hypothesized 
that implementation of this checklist and the 
associated culture changes it signified would re-
duce the rates of death and major complications 
after surgery in diverse settings.

Me thods

Study Design

We conducted a prospective study of preinterven-
tion and postintervention periods at the eight 
hospitals participating as pilot sites in the Safe 
Surgery Saves Lives program (Table 2). These in-
stitutions were selected on the basis of their geo-
graphic distribution within WHO regions, with 
the goal of representing a diverse set of socioeco-
nomic environments in which surgery is performed. 
Table 3 lists surgical safety policies in place at 
each institution before the study. We required that 
a coinvestigator at each site lead the project locally 
and that the hospital administration support the 
intervention. A local data collector was chosen at 
each site and trained by the four primary investi-
gators in the identification and reporting of pro-
cess measures and complications. This person 
worked on the study full-time and did not have 
clinical responsibilities at the study site. Each hos-
pital identified between one and four operating 
rooms to serve as study rooms. Patients who were 
16 years of age or older and were undergoing non-

cardiac surgery in those rooms were consecutively 
enrolled in the study. The human subjects com-
mittees of the Harvard School of Public Health, 
the WHO, and each participating hospital ap-
proved the study and waived the requirement for 
written informed consent from patients.

Intervention

The intervention involved a two-step checklist-
implementation program. After collecting base-
line data, each local investigator was given infor-
mation about areas of identified deficiencies and 
was then asked to implement the 19-item WHO 
safe-surgery checklist (Table 1) to improve prac-
tices within the institution. The checklist consists 
of an oral confirmation by surgical teams of the 
completion of the basic steps for ensuring safe 
delivery of anesthesia, prophylaxis against infec-
tion, effective teamwork, and other essential prac-
tices in surgery. It is used at three critical junctures 
in care: before anesthesia is administered, imme-
diately before incision, and before the patient is 
taken out of the operating room. The checklist was 
translated into local language when appropriate 
and was adjusted to fit into the flow of care at 
each institution. The local study team introduced 
the checklist to operating-room staff, using lec-
tures, written materials, or direct guidance. The 
primary investigators also participated in the train-
ing by distributing a recorded video to the study 
sites, participating in a teleconference with each 
local study team, and making a visit to each site. 
The checklist was introduced to the study rooms 
over a period of 1 week to 1 month. Data collection 
resumed during the first week of checklist use.

Table 2. Characteristics of Participating Hospitals.

Site Location
No. of 
Beds

No. of
Operating Rooms Type

Prince Hamzah Hospital Amman, Jordan 500 13 Public, urban

St. Stephen’s Hospital New Delhi, India 733 15 Charity, urban

University of Washington Medical Center Seattle, Washington 410 24 Public, urban

St. Francis Designated District Hospital Ifakara, Tanzania 371 3 District, rural

Philippine General Hospital Manila, Philippines 1800 39 Public, urban

Toronto General Hospital Toronto, Canada 744 19 Public, urban

St. Mary’s Hospital* London, England 541 16 Public, urban

Auckland City Hospital Auckland, New Zealand 710 31 Public, urban

* St. Mary’s Hospital has since been renamed St. Mary’s Hospital–Imperial College National Health Service Trust.
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Data Collection

We obtained data on each operation from stan-
dardized data sheets completed by the local data 
collectors or the clinical teams involved in surgi-
cal care. The data collectors received training and 
supervision from the primary investigators in the 
identification and classification of complications 
and process measures. Perioperative data includ-
ed the demographic characteristics of patients, 
procedural data, type of anesthetic used, and safe-
ty data. Data collectors followed patients pro-
spectively until discharge or for 30 days, which-
ever came first, for death and complications. 
Outcomes were identified through chart monitor-
ing and communication with clinical staff. Com-
pleted data forms were stripped of direct identi-
fiers of patients and transmitted to the primary 
investigators. We aimed to collect data on 500 
consecutively enrolled patients at each site within 
a period of less than 3 months for each of the 
two phases of the study. At the three sites at which 
this goal could not be achieved, the period of 
data collection was extended for up to 3 additional 
months to allow for accrual of a sufficient num-
ber of patients. The sample size was calculated to 
detect a 20% reduction in complications after the 
checklist was implemented, with a statistical 
power of 80% and an alpha value of 0.05.

Outcomes

The primary end point was the occurrence of any 
major complication, including death, during the 
period of postoperative hospitalization, up to 30 
days. Complications were defined as they are in 

the American College of Surgeons’ National Sur-
gical Quality Improvement Program17: acute renal 
failure, bleeding requiring the transfusion of 4 or 
more units of red cells within the first 72 hours 
after surgery, cardiac arrest requiring cardiopul-
monary resuscitation, coma of 24 hours’ duration 
or more, deep-vein thrombosis, myocardial infarc-
tion, unplanned intubation, ventilator use for 48 
hours or more, pneumonia, pulmonary embolism, 
stroke, major disruption of wound, infection of 
surgical site, sepsis, septic shock, the systemic 
inflammatory response syndrome, unplanned re-
turn to the operating room, vascular graft fail-
ure, and death. Urinary tract infection was not 
considered a major complication. A group of phy-
sician reviewers determined, by consensus, wheth-
er postoperative events reported as “other com-
plications” qualified as major complications, 
using the Clavien classification for guidance.18

We assessed adherence to a subgroup of six 
safety measures as an indicator of process adher-
ence. The six measures were the objective evalu-
ation and documentation of the status of the 
patient’s airway before administration of the anes-
thetic; the use of pulse oximetry at the time of 
initiation of anesthesia; the presence of at least 
two peripheral intravenous catheters or a central 
venous catheter before incision in cases involving 
an estimated blood loss of 500 ml or more; the 
administration of prophylactic antibiotics within 
60 minutes before incision except in the case of 
preexisting infection, a procedure not involving 
incision, or a contaminated operative field; oral 
confirmation, immediately before incision, of the 

Table 3. Surgical Safety Policies in Place at Participating Hospitals before the Study.

Site No.*

Routine
Intraoperative

Monitoring with
Pulse Oximetry

Oral Confirmation
of Patient’s Identity 

and Surgical Site 
in Operating Room

Routine Administration
of Prophylactic Antibiotics 

in Operating Room

Standard Plan for
Intravenous Access 
for Cases of High 

Blood Loss Formal Team Briefing

Preoperative Postoperative

1 Yes Yes Yes No No No

2 Yes No Yes No No No

3 Yes No Yes No No No

4 Yes Yes Yes No No No

5 No No No No No No

6 No No Yes No No No

7 Yes No No No No No

8 Yes No No No No No

* Sites 1 through 4 are located in high-income countries; sites 5 through 8 are located in low- or middle-income countries.16
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identity of the patient, the operative site, and the 
procedure to be performed; and completion of 
a sponge count at the end of the procedure, if 
an incision was made. We recorded whether all 
six of these safety measures were taken for each 
patient.

Statistical Analysis

Statistical analyses were performed with the use 
of the SAS statistical software package, version 9.1 
(SAS Institute). To minimize the effect of differ-
ences in the numbers of patients at each site, we 
standardized the rates of various end points to 
reflect the proportion of patients from each site. 
These standardized rates were used to compute 
the frequencies of performance of specified safe-
ty measures, major complications, and death at 
each site before and after implementation of the 
checklist.19 We used logistic-regression analysis 
to calculate two-sided P values for each compari-
son, with site as a fixed effect. We used general-
ized-estimating-equation methods to test for any 
effect of clustering according to site.

We performed additional analyses to test the 
robustness of our findings, including logistic-
regression analyses in which the presence or ab-
sence of a data collector in the operating room 
and the case mix were added as variables. We 
classified cases as orthopedic, thoracic, nonobstet-
ric abdominopelvic, obstetric, vascular, endoscop-

ic, or other. To determine whether the effect of 
the checklist at any one site dominated the re-
sults, we performed cross-validation by sequen-
tially removing each site from the analysis. Final-
ly, we disaggregated the sites on the basis of 
whether they were located in high-income or low- 
or middle-income countries and repeated our 
analysis of primary end points. All reported 
P values are two-sided, and no adjustments were 
made for multiple comparisons.

R esult s

We enrolled 3733 patients during the baseline 
period and 3955 patients after implementation of 
the checklist. Table 4 lists characteristics of the 
patients and their distribution among the sites; 
there were no significant differences between the 
patients in the two phases of the study.

The rate of any complication at all sites 
dropped from 11.0% at baseline to 7.0% after 
introduction of the checklist (P<0.001); the total 
in-hospital rate of death dropped from 1.5% to 
0.8% (P = 0.003) (Table 5). The overall rates of 
surgical-site infection and unplanned reoperation 
also declined significantly (P<0.001 and P = 0.047, 
respectively). Operative data were collected by the 
local data collector through direct observation 
for 37.5% of patients and by unobserved clinical 
teams for the remainder. Neither the presence nor 

Table 4. Characteristics of the Patients and Procedures before and after Checklist Implementation, According to Site.*

Site No.
No. of 

Patients Enrolled Age Female Sex Urgent Case
Outpatient
Procedure

General
Anesthetic

Before After Before After Before After Before After Before After Before After

years percent

1 524 598 51.9±15.3 51.4±14.7 58.2 62.7 7.4 8.0 31.7 31.8 95.0 95.2

2 357 351 53.5±18.4 54.0±18.3 54.1 56.7 18.8 14.5 23.5 20.5 92.7 93.5

3 497 486 51.9±21.5 53.0±20.3 44.3 49.8 17.9 22.4 6.4 9.3 91.2 94.0

4 520 545 57.0±14.9 56.1±15.0 48.1 49.6 6.9 1.8 14.4 11.0 96.9 97.8

5 370 330 34.3±15.0 31.5±14.2 78.3 78.4 46.1 65.4 0.0 0.0 17.0 10.0

6 496 476 44.6±15.9 46.0±15.5 45.0 46.6 28.4 22.5 1.4 1.1 61.7 59.9

7 525 585 37.4±14.0 39.6±14.9 69.1 68.6 45.7 41.0 0.0 0.0 49.1 55.9

8 444 584 41.9±15.8 39.7±16.2 57.0 52.7 13.5 21.9 0.9 0.2 97.5 94.7

Total 3733 3955 46.8±18.1 46.7±17.9 56.2 57.6 22.3 23.3 9.9 9.4 77.0 77.3

P value 0.63 0.21 0.26 0.40 0.68

* Plus–minus values are means ±SD. Urgent cases were those in which surgery within 24 hours was deemed necessary by the clinical team. 
Outpatient procedures were those for which discharge from the hospital occurred on the same day as the operation. P values are shown for 
the comparison of the total value after checklist implementation with the total value before implementation.
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absence of a direct observer nor changes in case 
mix affected the significance of the changes in 
the rate of complications (P<0.001 for both alter-
native models) or the rate of death (P = 0.003 with 
the presence or absence of direct observation in-
cluded and P = 0.002 with case-mix variables 
included). Rates of complication fell from 10.3% 
before the introduction of the checklist to 7.1% 
after its introduction among high-income sites 
(P<0.001) and from 11.7% to 6.8% among lower-
income sites (P<0.001). The rate of death was re-
duced from 0.9% before checklist introduction to 
0.6% afterward at high-income sites (P = 0.18) and 
from 2.1% to 1.0% at lower-income sites (P = 0.006), 
although only the latter difference was signifi-
cant. In the cross-validation analysis, the effect 
of the checklist intervention on the rate of death 
or complications remained significant after the 
removal of any site from the model (P<0.05). We 
also found no change in the significance of the 
effect on the basis of clustering (P = 0.003 for 
the rate of death and P = 0.001 for the rate of com-
plications).

Table 6 shows the changes in six measured 
processes at each site after introduction of the 
checklist. During the baseline period, all six mea-
sured safety indicators were performed for 34.2% 
of the patients, with an increase to 56.7% of 
patients after implementation of the checklist 

(P<0.001). At each site, implementation of the 
checklist also required routine performance of 
team introductions, briefings, and debriefings, 
but adherence rates could not be measured.

Discussion

Introduction of the WHO Surgical Safety Check-
list into operating rooms in eight diverse hospi-
tals was associated with marked improvements 
in surgical outcomes. Postoperative complication 
rates fell by 36% on average, and death rates fell 
by a similar amount. All sites had a reduction in 
the rate of major postoperative complications, 
with a significant reduction at three sites, one in 
a high-income location and two in lower-income 
locations. The reduction in complications was 
maintained when the analysis was adjusted for 
case-mix variables. In addition, although the ef-
fect of the intervention was stronger at some sites 
than at others, no single site was responsible for 
the overall effect, nor was the effect confined to 
high-income or low-income sites exclusively. The 
reduction in the rates of death and complications 
suggests that the checklist program can improve 
the safety of surgical patients in diverse clinical 
and economic environments.

Whereas the evidence of improvement in sur-
gical outcomes is substantial and robust, the ex-

Table 5. Outcomes before and after Checklist Implementation, According to Site.*

Site No.
No. of Patients

Enrolled
Surgical-Site

Infection
Unplanned Return to 
the Operating Room Pneumonia Death Any Complication

Before After Before After Before After Before After Before After Before After

percent

1 524 598 4.0 2.0 4.6 1.8 0.8 1.2 1.0 0.0 11.6 7.0

2 357 351 2.0 1.7 0.6 1.1 3.6 3.7 1.1 0.3 7.8 6.3

3 497 486 5.8 4.3 4.6 2.7 1.6 1.7 0.8 1.4 13.5 9.7

4 520 545 3.1 2.6 2.5 2.2 0.6 0.9 1.0 0.6 7.5 5.5

5 370 330 20.5 3.6 1.4 1.8 0.3 0.0 1.4 0.0 21.4 5.5

6 496 476 4.0 4.0 3.0 3.2 2.0 1.9 3.6 1.7 10.1 9.7

7 525 585 9.5 5.8 1.3 0.2 1.0 1.7 2.1 1.7 12.4 8.0

8 444 584 4.1 2.4 0.5 1.2 0.0 0.0 1.4 0.3 6.1 3.6

Total 3733 3955 6.2 3.4 2.4 1.8 1.1 1.3 1.5 0.8 11.0 7.0

P value <0.001 0.047 0.46 0.003 <0.001

* The most common complications occurring during the first 30 days of hospitalization after the operation are listed. Bold type indicates values 
that were significantly different (at P<0.05) before and after checklist implementation, on the basis of P values calculated by means of the chi-
square test or Fisher’s exact test. P values are shown for the comparison of the total value after checklist implementation as compared with 
the total value before implementation.
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act mechanism of improvement is less clear and 
most likely multifactorial. Use of the checklist 
involved both changes in systems and changes 
in the behavior of individual surgical teams. To 
implement the checklist, all sites had to introduce 
a formal pause in care during surgery for preop-
erative team introductions and briefings and 
postoperative debriefings, team practices that 
have previously been shown to be associated with 
improved safety processes and attitudes14,20,21 and 
with a rate of complications and death reduced 
by as much as 80%.13 The philosophy of ensur-
ing the correct identity of the patient and site 
through preoperative site marking, oral confirma-
tion in the operating room, and other measures 
proved to be new to most of the study hospitals.

In addition, institution of the checklist re-
quired changes in systems at three institutions, 
in order to change the location of administration 
of antibiotics. Checklist implementation encour-
aged the administration of antibiotics in the op-
erating room rather than in the preoperative 
wards, where delays are frequent. The checklist 
provided additional oral confirmation of appro-
priate antibiotic use, increasing the adherence 
rate from 56 to 83%; this intervention alone has 
been shown to reduce the rate of surgical-site 
infection by 33 to 88%.22-28 Other potentially 
lifesaving measures were also more likely to be 
instituted, including an objective airway evalua-
tion and use of pulse oximetry, though the change 
in these measures was less dramatic.15 Although 
the omission of individual steps was still fre-
quent, overall adherence to the subgroup of six 
safety indicators increased by two thirds. The 
sum of these individual systemic and behavioral 
changes could account for the improvements 
observed.

Another mechanism, however, could be the 
Hawthorne effect, an improvement in perfor-
mance due to subjects’ knowledge of being ob-
served.29 The contribution of the Hawthorne ef-
fect is difficult to disentangle in this study. The 
checklist is orally performed by peers and is in-
tentionally designed to create a collective aware-
ness among surgical teams about whether safety 
processes are being completed. However, our 
analysis does show that the presence of study 
personnel in the operating room was not respon-
sible for the change in the rate of complications.

This study has several limitations. The design, 
involving a comparison of preintervention data Ta
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with postintervention data and the consecutive 
recruitment of the two groups of patients from 
the same operating rooms at the same hospitals, 
was chosen because it was not possible to ran-
domly assign the use of the checklist to specific 
operating rooms without significant cross-con-
tamination. One danger of this design is con-
founding by secular trends. We therefore confined 
the duration of the study to less than 1 year, since 
a change in outcomes of the observed magnitude 
is unlikely to occur in such a short period as a 
result of secular trends alone. In addition, an 
evaluation of the American College of Surgeons’ 
National Surgical Quality Improvement Program 
cohort in the United States during 2007 did not 
reveal a substantial change in the rate of death 
and complications (Ashley S. personal commu-
nication, http://acsnsqip.org). We also found no 
change in our study groups with regard to the 
rates of urgent cases, outpatient surgery, or use 
of general anesthetic, and we found that chang-
es in the case mix had no effect on the signifi-
cance of the outcomes. Other temporal effects, 
such as seasonal variation and the timing of 
surgical training periods, were mitigated, since 
the study sites are geographically mixed and 
have different cycles of surgical training. There-
fore, it is unlikely that a temporal trend was re-
sponsible for the difference we observed between 
the two groups in this study.

Another limitation of the study is that data 
collection was restricted to inpatient complica-
tions. The effect of the intervention on outpatient 
complications is not known. This limitation is 
particularly relevant to patients undergoing out-
patient procedures, for whom the collection of 
outcome data ceased on their discharge from the 
hospital on the day of the procedure, resulting 
in an underestimation of the rates of complica-

tions. In addition, data collectors were trained in 
the identification of complications and collection 
of complications data at the beginning of the 
study. There may have been a learning curve in 
the process of collecting the data. However, if this 
were the case, it is likely that increasing num-
bers of complications would be identified as the 
study progressed, which would bias the results in 
the direction of an underestimation of the effect.

One additional concern is how feasible the 
checklist intervention might be for other hospi-
tals. Implementation proved neither costly nor 
lengthy. All sites were able to introduce the 
checklist over a period of 1 week to 1 month. 
Only two of the safety measures in the checklist 
entail the commitment of significant resources: 
use of pulse oximetry and use of prophylactic 
antibiotics. Both were available at all the sites, 
including the low-income sites, before the inter-
vention, although their use was inconsistent.

Surgical complications are a considerable cause 
of death and disability around the world.3 They 
are devastating to patients, costly to health care 
systems, and often preventable, though their pre-
vention typically requires a change in systems and 
individual behavior. In this study, a checklist-
based program was associated with a significant 
decline in the rate of complications and death 
from surgery in a diverse group of institutions 
around the world. Applied on a global basis, this 
checklist program has the potential to prevent 
large numbers of deaths and disabling compli-
cations, although further study is needed to de-
termine the precise mechanism and durability of 
the effect in specific settings.
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APPENDIX

The members of the Safe Surgery Saves Lives Study Group were as follows: Amman, Jordan: A.S. Breizat, A.F. Awamleh, O.G. Sadieh; 
Auckland, New Zealand: A.F. Merry, S.J. Mitchell, V. Cochrane, A.-M. Wilkinson, J. Windsor, N. Robertson, N. Smith, W. Guthrie, V. 
Beavis; Ifakara, Tanzania: P. Kibatala, B. Jullu, R. Mayoka, M. Kasuga, W. Sawaki, N. Pak; London, England: A. Darzi, K. Moorthy, A. 
Vats, R. Davies, K. Nagpal, M. Sacks; Manila, Philippines: T. Herbosa, M.C.M. Lapitan, G. Herbosa, C. Meghrajani; New Delhi, India: 
S. Joseph, A. Kumar, H. Singh Chauhan; Seattle, Washington: E.P. Dellinger, K. Gerber; Toronto, Canada: R.K. Reznick, B. Taylor, A. 
Slater; Boston, Massachusetts: W.R. Berry, A.A. Gawande, A.B. Haynes, S.R. Lipsitz, T.G. Weiser; Geneva, Switzerland: L. Donaldson, 
G. Dziekan, P. Philip; Baltimore, Maryland: M. Makary; Ankara, Turkey: I. Sayek; Sydney, Australia: B. Barraclough.
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This Journal feature begins with a case vignette highlighting a common clinical problem. 
Evidence supporting various strategies is then presented, followed by a review of formal guidelines, 

when they exist. The article ends with the author’s clinical recommendations. 

Outpatient Management of Severe COPD
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A 67-year-old man presents with a history of dyspnea, which has progressed for the 
past several years. He began smoking cigarettes at 15 years of age and continues to 
smoke one pack per day. Worsening breathlessness forced him to retire as a laborer, 
and he has sought emergency care for what he calls bronchitis twice in the past year. 
His physical examination is notable for diminished breath sounds on auscultation, 
with a prolonged expiratory phase. Spirometry reveals severe airflow obstruction 
(ratio of forced expiratory volume in 1 second [FEV1] to forced vital capacity [FVC], 
0.43; FEV1, 34% of the predicted value). How should this case be managed?

The Clinic a l Problem

The sentinel clinical feature of severe chronic obstructive pulmonary disease (COPD) 
is dyspnea on exertion. Its onset is usually insidious, and it may progress to severe 
disability over a period of years or decades. Other common symptoms include 
cough, sputum production, wheezing, and chest congestion. The principal patho-
physiological features of COPD are shown in Figure 1. Patients with severe COPD 
often have exacerbations that result in medical visits and hospitalizations. Chronic 
hypoxemia and hypercapnia may cause pulmonary hypertension and cor pulmon-
ale. Patients with severe COPD are also at increased risk for other systemic diseases, 
including cardiovascular disease, osteoporosis, lung cancer, and depression.1

COPD represents a growing global public health problem. In one population-
based study conducted at multiple international sites, approximately 10% of par-
ticipants 40 years of age or older were found to have airflow obstruction of at least 
moderate severity according to spirometric criteria.2 Between 1970 and 2002, age-
standardized rates of death from COPD increased by 103% in the United States, 
making it the fourth leading cause of death.3 Women accounted for most of this 
increase, and the rate of death from COPD among women now exceeds the rate 
among men.4 As COPD worsens, there is a precipitous increase in health care 
costs, much of which is attributable to hospital care for exacerbations.5

S tr ategies a nd E v idence

History and Physical Examination

Although COPD is more common with increasing age, it should be considered in all 
adults who report chronic respiratory symptoms, particularly dyspnea that limits 
ordinary activities. Cigarette smoking is by far the most important known cause 
of COPD, but clinically significant disease develops in only a small proportion of 
smokers. Other environmental risk factors, such as exposure to various industrial 
dusts and fumes, have also been identified.6,7 Physical examination may reveal a 

An audio version 
of this article 
is available at 
NEJM.org
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barrel-shaped chest, inspiratory retraction of the 
lower ribs (Hoover’s sign), a prolonged expiratory 
phase, and use of the accessory muscles of respi-
ration, but these findings are sometimes absent 
even in cases of severe disease.

Spirometry and Other Testing

A medical history and physical examination may 
suggest COPD, but they are not reliable predictors 
of airf low obstruction; the diagnosis must be 
confirmed with the use of spirometry.8 Frequent-
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Figure 1. Pathophysiological Features of Airflow Obstruction in Chronic Obstructive Pulmonary Disease (COPD).

Airflow obstruction in COPD is largely due to emphysema, characterized by disruption of the alveolar walls, along with 
inflammation of lung tissue, fibrosis, and mucus plugging in the distal airways (Panel A, normal distal airway sur-
rounded by intact alveolar walls; Panel B, abnormal distal airway surrounded by disrupted alveolar walls). Alveolar 
attachments provide a radial tethering effect that is essential for keeping small airways patent in the normal lung. 
Airways narrow at smaller lung volumes because of decreased lung elasticity and weaker tethering effects. Conse-
quently, maximal expiratory airflow decreases as the lung empties and ceases at 25 to 35% of total lung capacity. 
The remaining air is termed the residual volume. In patients with COPD who have emphysema, the disruption of al-
veolar attachments, coupled with distal airway disease, causes a substantial decrease in maximal expiratory airflow 
(Panel A, normal flow; Panel B, reduced flow). Residual volume may account for as much as 60 to 70% of predicted 
total lung capacity. Patients with COPD must breathe at larger lung volumes to optimize expiratory airflow, but this 
requires greater respiratory work because the lungs and chest wall become stiffer at larger volumes. These effects are 
accentuated with exercise. A normal respiratory system meets the increased ventilatory demands of exercise by in-
creasing both tidal volume and respiratory rate, with little change in the final end-expiratory lung volume. In patients 
with COPD, the respiratory rate does increase in response to exercise, but with insufficient expiratory time, breaths 
become increasingly shallow and end-expiratory lung volume progressively enlarges (Panel A, normal response to ex-
ercise; Panel B, response with COPD). This phenomenon is called dynamic hyperinflation and is thought to be an 
important factor in the reduction of exercise capacity and the development of dyspnea.
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ly, however, spirometry is not performed, and 
failure to obtain spirometric confirmation leads 
to misdiagnosis in many cases. Airflow obstruc-
tion as measured by spirometry is defined as a 
ratio of the postbronchodilator FEV1 to FVC of less 
than 0.70.9 When airflow obstruction is present, 
its severity is classified according to the FEV1 as a 
percentage of the predicted normal value (Table 1). 
Spirometry is essential in determining whether 
the probable cause of respiratory symptoms is 
COPD, but clinical criteria, such as the intensity 
of breathlessness in relation to specific tasks and 
the frequency of exacerbations, should also be 
used when evaluating the overall severity of dis-
ease.10,11

Testing the reversibility of airflow obstruction 
with an inhaled bronchodilator may be of value 
at the initial evaluation because a very strong 
response might identify previously unsuspected 
asthma. An early age at the onset of symptoms, 
atopy, the absence of a history of smoking, epi-
sodic symptoms, and nighttime awakening are 
more suggestive of asthma than of COPD.

Labeling patients with COPD as “responders” 
or “nonresponders” according to arbitrary revers-
ibility criteria is of little practical value because 
the improvement in lung function with broncho-
dilators, whether immediate or eventual, is small 
relative to measurement error. Consequently, 
spirometry is a poor guide for determining 
whether therapy should be continued or modified 
in an individual patient.12-14 Once a diagnosis of 
COPD has been established, there is usually little 
reason to repeat spirometry at subsequent visits, 
although serial spirometric measurement at year-
ly intervals (or longer) may provide some prognos-
tic information. On occasion, it may be helpful in 
distinguishing pulmonary from nonpulmonary 
causes of worsening dyspnea.

A chest radiograph should be obtained to rule 
out other pulmonary diseases. Chest imaging 
with computed tomography is unnecessary un-
less another diagnosis is suspected or surgical 
therapy for COPD is being considered. Oximetry 
should be performed annually, particularly in 
patients with severe or very severe disease, since 
patients with chronic hypoxemia benefit from 
long-term oxygen therapy. Testing for genetical-
ly determined deficiencies of alpha1-antitrypsin 
may be considered, particularly if COPD develops 
at a relatively young age or if there is a strong 
family history.9,15 This information may be use-

ful for counseling purposes. Alpha1-antitrypsin 
replacement therapy is available, though of un-
certain benefit.16

Smoking Cessation

In the Lung Health Study, a randomized trial of 
smoking cessation in patients with mild-to-mod-
erate COPD, cessation of smoking slowed the de-
cline in lung function and, at long-term follow-
up, reduced the rate of death from any cause.17,18

Although similar studies involving patients with 
severe COPD have not been conducted, it is rea-
sonable to assume that some health benefits ac-
crue from smoking cessation at all stages of the 
disease. Information about smoking-cessation 
interventions targeted to patients with COPD is 
limited, so combinations of counseling and 
pharmacotherapy that are effective in the general 
population should also be used with these pa-
tients.19

Bronchodilators

Many patients with severe COPD obtain symptom-
atic relief from the use of inhaled bronchodila-
tors. Short-acting β2-adrenergic agonists (e.g., 
albuterol) and ipratropium bromide, a short-act-
ing anticholinergic agent, are used singly and in 
combination. Long-acting bronchodilators are 
now commonly used, but a short-acting broncho-
dilator should be provided for rescue therapy 
(Table 2). Many patients prefer albuterol to ipra-
tropium bromide because it is faster acting.

The inhaled long-acting β2-agonists salmet-
erol and formoterol provide sustained broncho-
dilation for at least 12 hours, and the inhaled 
long-acting anticholinergic agent tiotropium for 

Table 1. Stage and Severity of COPD According to Postbronchodilator 
Spirometry.*

Stage and Severity
of COPD Definition

Stage 1 — mild FEV1:FVC <0.70, FEV1 ≥80% of predicted value

Stage 2 — moderate FEV1:FVC <0.70, FEV1 50 to 79% of predicted value

Stage 3 — severe FEV1:FVC <0.70, FEV1 30 to 49% of predicted value

Stage 4 — very severe FEV1:FVC <0.70, FEV1 <30% of predicted value or 
FEV1 <50% of predicted value plus chronic 
respiratory failure

* Adapted from the Global Initiative for Chronic Obstructive Lung Disease.9 

COPD denotes chronic obstructive pulmonary disease, FEV1 forced expiratory 
volume in 1 second, and FVC forced vital capacity.
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at least 24 hours. Randomized trials have gener-
ally involved symptomatic patients with exacerba-
tion-prone conditions who have FEV1 values that 
are less than 60% of the predicted value.14,20-22 
When used as monotherapy, both classes of long-
acting bronchodilators confer similar benefits. 
They improve respiratory health status (accord-

ing to patient scores on the St. George’s Respira-
tory Questionnaire) as compared with placebo, 
but mean improvement falls short of the 4-point 
change considered clinically meaningful for that 
instrument.14,21,22

Both classes of drugs also reduce the risk of 
exacerbation by 15 to 20% (relative risk reduc-

Table 2. Medications Commonly Used in Outpatient Treatment of COPD.*

Drug Mode of Delivery, Dose, and Frequency Adverse Effects

Short-acting bronchodilators

β2-adrenergic agonist: albuterol Inhaler: 90 μg per inhalation; 1 to 2 inhalations every 
4 to 6 hr, as needed

Nebulizer: 2.5 mg every 4 to 6 hr, as needed

Palpitations, tachycardia, tremor, hyper-
sensitivity reaction

Anticholinergic agent: ipratropium Inhaler: 17 μg per inhalation; 2 inhalations 4 times 
daily, up to 12 inhalations per day

Nebulizer: 0.5 mg every 6 to 8 hr

Dry mouth, cough, blurred vision, hyper-
sensitivity reaction

Combination short-acting 
 bronchodilator: albuterol–
ipratropium

Inhaler: 90 μg of albuterol and 18 μg of ipratropium 
per inhalation; 2 inhalations 4 times daily, up to 
12 inhalations per day

Nebulizer: 2.5 mg of albuterol and 0.5 mg of ipratro-
pium per dose; 4 times daily, up to 2 additional 
doses per day

Palpitations, tachycardia, tremor, dry 
mouth, cough, blurred vision, hyper-
sensitivity reaction

Long-acting bronchodilators

β2-adrenergic agonists Dizziness, headache, tremor, throat irrita-
tion, hypersensitivity reaction

Salmeterol Inhaler: 50 μg per inhalation; 1 inhalation twice daily

Formoterol Inhaler: 12 μg per inhalation; 1 inhalation twice daily
Nebulizer: 20 μg twice daily

Arformoterol Nebulizer: 15 μg twice daily

Anticholinergic agent: tiotropium Inhaler: 18 μg per inhalation; 1 inhalation each 
morning

Dry mouth, urinary retention, symptoms 
of narrow-angle glaucoma, hypersensi-
tivity reaction

Inhaled corticosteroids Sore throat, dysphonia, headache, naso-
pharyngitis, thrush, hypersensitivity 
 reactions, possible pneumonia

Fluticasone (dry powder) Inhaler: 250 μg per inhalation; 1 to 2 inhalations twice daily 

Fluticasone (aerosol) Inhaler: 220 μg; 1 to 2 inhalations twice daily

Budesonide Inhaler: 160 μg; 2 inhalations twice daily‡

Beclomethasone Inhaler: 80 μg; 2 inhalations twice daily

Mometasone Inhaler: 220 μg; 1 to 2 inhalations twice daily

Combination β2-adrenergic agonist 
 broncho dilator–inhaled 
 corticosteroid

Sore throat, dysphonia, headache, naso-
pharyngitis, thrush, hypersensitivity 
 reaction, possible pneumonia, dizzi-
ness, tremor, throat irritation

Fluticasone–salmeterol (dry powder)† Inhaler: 250 μg fluticasone, 50 μg salmeterol per 
 inhalation; 1 inhalation twice daily

Budesonide–formoterol† Inhaler: 160 μg budesonide, 4.5 μg formoterol; 
2 inhalations twice daily‡

Methylxanthine: theophylline (24-hr 
sustained-release formulation)

Pill: 200 to 800 mg per day, with low starting dose 
increased to obtain serum concentration of 8 to 
12 μg/ml; once daily

Nausea and vomiting, seizures, tremor, 
insomnia, multifocal atrial tachyar-
rhythmia, hypersensitivity reaction

* This is not a complete list of medications used for chronic obstructive pulmonary disease (COPD).
† This is the only formulation of this specific combination of drugs approved by the Food and Drug Administration for treatment of COPD.
‡ The dose of budesonide in the metering chamber is 180 μg, but the dose delivered to the patient is 160 μg.
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tion), and this may be their most important 
clinical benefit.14,21,22 Given that the average pa-
tient with severe COPD has about one exacerba-
tion per year that requires medical attention, five 
to seven patients must be treated for 1 year to 
prevent a single event. Both classes of drugs 
have been shown to reduce hospitalizations, 
although the reductions have not been consis-
tent.21,22

Adverse events associated with long-acting 
bronchodilators are generally minor (Table 2). 
Although concerns have been raised about the 
cardiovascular safety of both classes of long-
acting bronchodilators,23,24 no serious safety 
problems were identified in two large trials, one 
comparing salmeterol with placebo in 3045 pa-
tients followed for 3 years,21 and another com-
paring tiotropium with placebo in 5993 patients 
followed for 4 years.22

Theophylline is infrequently used in current 
practice but may be considered in patients whose 
COPD is difficult to control. The target plasma 
level should be no higher than 12 μg per milli-
liter; higher levels are poorly tolerated in older 
patients.

Inhaled Corticosteroids

Inhaled corticosteroids are also widely prescribed 
for COPD. Similar to long-acting bronchodila-
tors, inhaled corticosteroids reduce the frequency 
of exacerbations by 15 to 20% and also improve 
respiratory health status, but only modestly.14,21,22 
The combination of an inhaled corticosteroid 
with a long-acting β2-agonist reduces exacerba-
tions by about an additional 10% as compared 
with either therapy used alone.21

Dysphonia and upper-airway thrush are the 
most common adverse events associated with 
inhaled corticosteroids. They have also been 
linked to an increased risk of pneumonia in pa-
tients with COPD, amounting to about 3 excess 
cases per 100 patient-years of exposure.25 How-
ever, the significance of this observation is un-
certain, since chest radiographs were not required 
for the diagnosis of pneumonia, and inhaled 
corticosteroid use was not associated with in-
creased mortality.

Oxygen

Two randomized trials evaluated the use of oxy-
gen therapy in patients with severe COPD and 
persistent hypoxemia.26,27 One was a 5-year study 

that compared the effects of oxygen use for 15 
hours per day with no oxygen use. The other was 
a 3-year study of oxygen use for 18 hours per day 
as compared with 12 hours per day. Oxygen ther-
apy proved beneficial: there was an absolute re-
duction in the rate of death from any cause of 
about 20 percentage points in both trials.

Arterial oxygen levels should be assessed when 
the patient is clinically stable, at rest, and breath-
ing ambient air. If the partial pressure of arte-
rial oxygen is at or below 55 mm Hg, or if the 
arterial oxygen saturation is at or below 88%, 
home use of oxygen should be prescribed for at 
least 18 hours daily, including sleep time, with 
flow rates that maintain the oxygen saturation 
above 90%. In randomized trials, home use of 
oxygen conferred no apparent survival advantage 
among patients with milder resting daytime 
hypoxemia (partial pressure of arterial oxygen, 
56 to 65 mm Hg) or isolated nocturnal hypox-
emia.28,29

Clinicians frequently prescribe ambulatory 
oxygen therapy for patients who have normal 
oxygen levels at rest but who have transient de-
saturation during exercise. Some patients report 
that ambulatory oxygen therapy helps relieve 
exercise-related breathlessness. Whether this per-
ceived benefit is due to oxygen supplementation 
or to a placebo effect remains unclear. Short-
term, placebo-controlled trials have shown that 
oxygen therapy improves exercise endurance in a 
laboratory setting; however, efforts to show that 
ambulatory oxygen use improves respiratory qual-
ity of life or relieves symptoms during activities of 
daily living have been mostly unsuccessful.30,31

Management of Exacerbations

Severe exacerbations of COPD have an adverse 
effect on health status and may cause permanent 
loss of lung function.32,33 Most exacerbations are 
thought to result from infection, but sputum 
smears and cultures offer little help in guiding 
therapy.

As compared with placebo, antibiotics de-
crease the relative risk of treatment failure (de-
fined as no resolution or clinical deterioration) 
by approximately 50% when used for COPD ex-
acerbations.34 Subgroup analysis suggests that 
antibiotics are most effective when cough and 
sputum purulence are present. Most trials sug-
gesting the efficacy of antibiotics have compared 
the use of older antibiotics, such as amoxicillin, 
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trimethoprim–sulfamethoxazole, and the tetra-
cyclines, with placebo.34 It is uncertain whether 
newer classes of antibiotics, such as macrolides 
and fluoroquinolones, are more effective. Initial 
outpatient treatment with antibiotics should be 
based on considerations of cost, safety, and local 
patterns of antibiotic resistance among the bac-
terial species commonly isolated from sputum 
during exacerbations, particularly Streptococcus 
pneumoniae, Haemophilus inf luenzae, and Moraxella 
catarrhalis. In randomized trials, the use of sys-
temic corticosteroids as compared with placebo 
reduced the relative risk of treatment failure (as 
defined by intensification of therapy, rehospital-
ization, or a return to the emergency department) 
by about 30% in patients with COPD exacerba-
tions who were hospitalized or seen in an emer-
gency department.35,36 Severely symptomatic pa-
tients seen in an outpatient setting are also 
likely to benefit from systemic corticosteroids, 
although data from trials of outpatient cortico-
steroid therapy for severe symptoms are lacking. 
In most instances, 40 mg of prednisone taken 
once daily for 10 to 14 days should suffice. 
Courses of treatment that are extended for more 
than 14 days confer no added benefit and in-
crease the risk of adverse events.35

If an exacerbation is associated with increased 
breathlessness, patients should be encouraged 
to increase their use of short-acting bronchodila-
tors. Anticholinergic and β2-agonist bronchodi-
lators appear to be equally effective, with little 
additive benefit from combined use.37

Immunizations

Recommendations for influenza and pneumo-
coccal vaccinations for patients with COPD are 
summarized in Table 3.

Pulmonary Rehabilitation

As airflow obstruction progresses, patients with 
COPD typically become increasingly sedentary, 
which leads to muscular and cardiovascular de-
conditioning. Increasing physical disability con-
tributes to social isolation and depression, which 
are highly prevalent among patients with severe 
COPD.44 The primary goal of pulmonary rehabili-
tation is to reverse muscular and cardiovascular 
dysfunction through an individually designed pro-
gram. Most programs are multidisciplinary; in 
addition to exercise, they include education, be-
havior modification, and interventions to improve 
social and psychological functioning. A typical 
program consists of supervised sessions, each 
lasting 3 to 4 hours, provided 3 times weekly for 
6 to 12 weeks. Major contraindications to the use 
of such programs are inability to walk, unstable 
cardiovascular disease, and cognitive impairment.

Randomized, controlled trials of pulmonary 
rehabilitation consist mostly of small, single-
center studies, generally involving patients with 
severe disease according to spirometric criteria 
(FEV1:FVC <0.70; FEV1, 30 to 49% of predicted 
value). A systematic review concluded that pulmo-
nary rehabilitation significantly improved both 
functional exercise capacity (assessed by measur-
ing the distance walked in 6 minutes) and respi-

Table 3. Guidelines for Influenza and Pneumococcal Vaccinations in Patients with COPD.*

Category Inactivated Influenza Vaccine Polysaccharide Pneumococcal Vaccine

Target group All patients with COPD, except those who are hypersensitive 
to any component of vaccine, particularly eggs

All patients with COPD, except those who are hyper-
sensitive to any component of vaccine

Frequency Annually, preferably before influenza season or at any time 
throughout season

For patients <65 yr of age, once or twice in lifetime; 
for patients ≥65 yr of age, one-time revaccina-
tion if vaccinated ≥5 yr earlier and <65 yr of age 
at time of primary vaccination

Evidence of efficacy 
in COPD

Data from a meta-analysis of a limited number of trials indicate 
substantial reduction in influenza-related respiratory illness-
es39; large cohort study showed significant association be-
tween vaccination and reductions in hospitalizations for 
pneumonia and influenza and in risk of death during influ-
enza season in persons with chronic lung disease40

Data from a meta-analysis of a limited number of 
trials showed no benefit in reducing COPD exacer-
bations41; one large cohort study showed signifi-
cant association between vaccination and reduc-
tions in hospitalizations for pneumonia and in 
risk of death in persons with chronic lung dis-
ease,42 but another study did not43

* Adapted from the Advisory Committee on Immunization Practices: Recommended Adult Immunization Schedule, 2009.38
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ratory quality of life (evaluated on the basis of 
responses to the Chronic Respiratory Question-
naire).45 In the absence of a supervised continu-
ation program, the improvement achieved during 
the active phase of rehabilitation erodes substan-
tially over the following year.46

Surgical Options

An option for selected patients with COPD is lung-
volume reduction, which involves the resection of 
severely emphysematous tissue from both upper 
lobes, allowing the remaining lung tissue to ex-
pand and function more normally. In a random-
ized trial involving patients with severe COPD, 
this surgery was not associated with an overall 
reduction in mortality, as compared with the use 
of optimal medical therapy, although the surgery 
did result in improved lung function, exercise 
capacity, and respiratory quality of life.47 Mortality 
was reduced in the subgroup of patients who had 
predominant upper-lobe emphysema along with 
low exercise capacity at baseline; however, it 
should be noted that exercise capacity was not 
among the prespecified prognostic variables to 
be assessed.

Lung transplantation offers the only opportu-
nity for severely disabled patients with COPD to 
resume normal daily activities, but the median 
survival rate after lung transplantation (about 
5 years) remains far below that associated with 
the transplantation of other solid organs.48 It is 
not known whether the procedure reduces mor-
tality, as compared with optimal medical therapy.

A r e a s of Uncerta in t y

It remains unclear whether spirometry is routine-
ly warranted to diagnose COPD in persons at risk 
who are asymptomatic. Whereas the National 
Lung Health Education Program has advocated 
widespread spirometric testing in medical offices 
(including testing in persons at risk who do not 
have respiratory symptoms) to identify cases of 
COPD,49 an evidence-based report sponsored by 
the Agency for Healthcare Research and Quality 
concluded that screening persons who are at risk 
but are asymptomatic would raise overall costs, 
falsely label many of those tested as having clini-
cally significant disease, and only marginally im-
prove clinical outcomes.14 In randomized trials, 
smoking-cessation rates were not increased among 

patients with early COPD who underwent spiro-
metric testing and were informed of abnormal 
results, as compared with patients who did not 
undergo testing.50,51 However, in a recent trial 
comparing two approaches to informing patients 
of spirometric results — assigning a “lung age” 
versus simply reporting the FEV1 — the former 
approach was associated with higher cessation 
rates at 1 year (difference, 7.2%), which suggests 
that spirometry may facilitate smoking cessation 
if the results are presented to patients in an ap-
propriate manner.52

The role of disease-management programs for 
patients with COPD remains uncertain. Random-
ized, controlled trials of case management for 
COPD have shown promise in reducing hospital-
ization rates, but the evidence is insufficient to 
make specific recommendations.53,54 Pulmonary 
rehabilitation improves health status and exer-
cise capability for selected patients, but national 
surveys indicate that few patients complete such 
programs, and it is unclear how best to main-
tain the benefits achieved.46,55

Guidelines

The Global Initiative for Chronic Obstructive Lung 
Disease, the American Thoracic Society–Europe-
an Respiratory Society, and the American College 
of Physicians have published guidelines on the 
management of COPD (Table 4). The recommen-
dations in this review are generally consistent 
with these guidelines.

Conclusions a nd 
R ecommendations

The patient described in the vignette has typical 
clinical manifestations of advanced COPD, with 
severe airflow obstruction confirmed by spirom-
etry. Time should be allotted for education dur-
ing the patient’s initial visit, including informa-
tion about the signs and symptoms of a severe 
exacerbation and the need for prompt treatment. 
Smoking cessation is the most important element 
in the management of his disease and should be 
addressed at every visit, as long as the patient 
continues to smoke.

He should be treated with an inhaled long-
acting β2-agonist, an inhaled long-acting anti-
cholinergic agent, or an inhaled corticosteroid. 
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Since he has severe, exacerbation-prone COPD, it 
would be reasonable to combine drugs from two 
of these three classes. A short-acting bronchodi-
lator should be provided for rescue use. Even if 
symptoms do not abate, he should be urged to 
continue taking the medications, because they 
reduce the risk of a severe exacerbation. Like all 
patients, he should receive instruction in inhaler 
technique. (A video demonstrating inhaler tech-
nique is available at NEJM.org in an article by 
Hendeles et al.56)

If the patient’s arterial oxygen saturation is 
88% or lower at rest in a stable clinical state, 
long-term oxygen therapy should be prescribed 

and used for at least 18 hours each day. In the 
absence of a contraindication, he should receive 
influenza vaccination each autumn, as well as 
pneumococcal vaccination (with revaccination as 
needed). Pulmonary rehabilitation should be con-
sidered if it is accessible to the patient and if he 
has no medical contraindications.
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This Journal feature begins with a case vignette that includes a therapeutic recommendation. A discussion 
of the clinical problem and the mechanism of benefit of this form of therapy follows. Major clinical studies, 

the clinical use of this therapy, and potential adverse effects are reviewed. Relevant formal guidelines, 
if they exist, are presented. The article ends with the author’s clinical recommendations.
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A 67-year-old woman with type 2 diabetes mellitus undergoes extensive resection of 
the small bowel and right colon with a jejunostomy and colostomy because of mesen-
teric ischemia. In the surgical intensive care unit, severe systemic inflammatory re-
sponse syndrome with possible sepsis develops. The patient is treated with volume 
resuscitation, vasopressor support, mechanical ventilation, broad-spectrum antibiot-
ics, and intravenous insulin infusion.

Low-dose tube feedings are initiated postoperatively through a nasogastric tube. 
However, these feedings are discontinued after the development of escalating vaso-
pressor requirements, worsening abdominal distention, and increased gastric residual 
volume, along with an episode of emesis. The hospital nutritional-support service is 
consulted for feeding recommendations. A discussion with the patient’s family re-
veals that during the previous 6 months, she lost approximately 15% of her usual 
body weight and decreased her food intake because of abdominal pain associated 
with eating. Her preoperative body weight was 51 kg (112 lb), or 90% of her ideal 
body weight. The physical examination reveals mild wasting of skeletal muscle and 
fat. Blood tests show hypomagnesemia, hypophosphatemia, and normal hepatic and 
renal function. Central venous parenteral nutrition is recommended.

The Clinic a l Problem

Malnutrition, including the depletion of essential micronutrients and erosion of lean 
body mass, is very common in patients who are critically ill, with 20 to 40% of such 
patients showing evidence of protein-energy malnutrition.1-8 The incidence of mal-
nutrition worsens over time in patients who require prolonged hospitalization.2,9-11

Protein-energy malnutrition before and during hospitalization is associated with 
increased morbidity and mortality in hospitalized patients.2,10-18 Adequate nutrient 
intake is critical for optimal cell and organ function and wound repair.19,20 Protein-
energy malnutrition is associated with skeletal-muscle weakness, an increased rate 
of hospital-acquired infection, impaired wound healing, and prolonged convales-
cence in patients who are admitted to an intensive care unit (ICU).1-4,11,16,17-19,21 
However, the relationship between malnutrition and adverse clinical outcomes is 
complex, because malnutrition may contribute to complications that worsen nutri-
tional status, and patients who are more difficult to feed are more critically ill and 
at higher risk for death and complications. Thus, the true cost of malnutrition 
cannot be estimated with accuracy in critically ill patients.



55

clinical ther apeutics

n engl j med 361;11 nejm.org september 10, 2009 1089

Pathoph ysiol ogy a nd Effec t 
of Ther a py

The pathophysiology of malnutrition in patients in 
the ICU is multifactorial. Critical illness is asso-
ciated with catabolic hormonal and cytokine re-
sponses. These include increased blood levels of 
counterregulatory hormones (e.g., cortisol, cate-
cholamines, and glucagon), increased blood and 
tissue levels of proinflammatory cytokines (e.g., 
interleukin-1, interleukin-6, interleukin-8, and tu-
mor necrosis factor α), and peripheral-tissue re-
sistance to endogenous anabolic hormones (e.g., 
insulin and insulin-like growth factor 1).2,12,20,22,23 
This hormonal milieu increases glycogenolysis 
and gluconeogenesis, causes a net breakdown of 
skeletal muscle, and enhances lipolysis, which to-
gether provide endogenous glucose, amino acids, 
and free fatty acids that are required for cellular 
and organ function and wound healing.2,12,22 Un-
fortunately, although plasma substrate levels may 
be increased, their availability for use by periph-
eral tissues may be blunted (because of factors 
such as insulin resistance and inhibition of lipo-
protein lipase), and plasma levels of certain sub-
strates (e.g., glutamine) may be insufficient to 
meet metabolic demands.22,23

Critically ill patients often have a history of 
decreased spontaneous food intake before ICU 
admission, because of anorexia, gastrointestinal 
symptoms, depression, anxiety, and other medi-
cal and surgical factors. In addition, their food 
intake may have been restricted for diagnostic or 
therapeutic procedures.2,16 Such patients com-
monly have episodes of abnormal nutrient loss 
from diarrhea, vomiting, polyuria, wounds, drain-
age tubes, renal-replacement therapy, and other 
causes.2 Bed rest, decreased physical activity, and 
neuromuscular blockade during mechanical ven-
tilation cause skeletal-muscle wasting and inhibit 
protein anabolic responses.24 Drugs that are fre-
quently administered to patients in the ICU may 
themselves increase skeletal-muscle breakdown 
(corticosteroids), decrease splanchnic blood flow 
(pressor agents), or increase urinary loss of elec-
trolytes, minerals, and water-soluble vitamins 
(diuretics). Infection, operative trauma, and other 
stresses may increase energy expenditure and 
protein and micronutrient needs.2,12,16,23,25-28

Most critically ill patients who require special-
ized nutrition (85 to 90%) can be fed enterally 

through gastric or intestinal tubes and then tran-
sitioned to an oral diet with supplements.1,2,16,19,29 
However, in approximately 10 to 15% of such 
patients, enteral nutrition is contraindicated.1,2,16 
Complete intravenous parenteral nutrition pro-
vides fluid, dextrose, amino acids, lipid emulsion, 
electrolytes, vitamins, and minerals (Table 1). In-
sulin and selected drugs may also be added. 
Therapeutic effects of parenteral nutrition accrue 
through the combined provision of energy (pri-
marily as the dextrose and lipid components), 
essential and nonessential amino acids, essen-
tial fatty acids, vitamins, minerals, and electro-
lytes.2 These elements support vital cellular and 
organ functions, immunity, tissue repair, protein 
synthesis, and capacity of skeletal, cardiac, and 
respiratory mus cles.1,12,15,27,28

Clinic a l E v idence

Few well-designed, randomized, controlled trials 
of the efficacy of parenteral nutrition in critical 
illness have been conducted.1,29-31 Most trials 
have been limited by a small number of patients, 
varying definitions of critical illness, inappropri-
ate blinding strategies, or the lack of an intention-
to-treat design.30 Also, the dextrose and calorie 
doses that are used in parenteral solutions in 
most of the earlier trials would now be consid-
ered excessive.32,33 The role of hyperglycemia in 
morbidity and mortality among patients in the 
ICU is complex, but most investigators agree that 
a blood glucose value exceeding 180 mg per deci-
liter (10 mmol per liter) may be associated with 
increased rates of death and complications.34,35

Despite these limitations, studies suggest that 
patients with moderate-to-severe protein-energy 
malnutrition may benefit from parenteral nutrition 
if enteral nutrition is not possible.5,36 However, 
extensive data also support the use of enteral 
nutrition, as compared with parenteral nutrition, 
in patients in the ICU who have a functional gas-
trointestinal tract and who are able to receive 
adequate enteral nutrition.1,2,4,5,11,14,16,19,33,37-40

A meta-analysis of well-designed intention-to-
treat trials comparing enteral nutrition with 
parenteral nutrition in critically ill patients (with 
each study enrolling fewer than 200 patients) 
showed a significant reduction in mortality 
among patients receiving parenteral nutrition 
(odds ratio, 0.51; 95% confidence interval [CI], 
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0.27 to 0.97; P = 0.04).31 This effect was influenced 
by whether enteral nutrition was started early 
(within 24 hours after ICU admission or injury), 
in which case no significant benefit of paren-
teral nutrition was seen. The risk of infection 
was significantly increased with parenteral nutri-
tion. A systematic review of 13 randomized clini-
cal trials involving critically ill adults showed a 
significant reduction in infectious complications 

with enteral nutrition, as compared with paren-
teral nutrition (odds ratio, 0.64; 95% CI, 0.47 to 
0.87; P = 0.004) but no significant difference in 
mortality (odds ratio, 1.08; 95% CI, 0.70 to 1.65; 
P = 0.70).37

Given the changes in the methods of ICU 
nutritional support during the past several years, 
including tighter blood glucose control and the 
use of lower caloric loads and alternative sub-
strates, there is a need for further trials that are 
based on current practice.

Clinic a l Use

Serial assessment of nutritional status should be 
a routine component of ICU care (Table 1 in the 
Supplementary Appendix, available with the full 
text of this article at NEJM.org). The objective is 
to detect preexisting malnutrition or the risk of 
nutritional depletion. Nutritional assessment in-
volves clinical judgment that is based on data de-
rived from the patient’s history (especially the 
dietary and weight history), medical records, 
physical examination, and biochemical testing 
(Table 1 in the Supplementary Appendix and Ta-
ble 2). In critically ill patients, circulating levels 
of proteins, such as albumin and prealbumin, are 
often decreased because of inflammation, infec-
tion, or fluid overload and are therefore not use-
ful as biomarkers of protein nutrition.1,2

The appropriate use of parenteral nutrition in 
the ICU continues to be a subject of debate.29,36-45 
As compared with parenteral nutrition, enteral 
nutrition is less expensive, may better maintain 
intestinal mucosal structure and gut absorptive 
and barrier functions (as clearly shown in ani-
mal studies), and is associated with fewer infec-
tious and mechanical and metabolic complica-
tions.2,11,46 However, the use of enteral feeding 
in patients with gastrointestinal intolerance is 
associated with underfeeding and consequent 
malnutrition.10,25 Given the range of opinion on 
the efficacy of parenteral nutrition, the use of 
this therapy varies widely among ICUs, among 
regions of the United States, and among coun-
tries worldwide.9,10,16,25,26 The administration of 
parenteral nutrition in children, which requires 
special considerations beyond the scope of this 
article, is covered in pediatric guidelines for 
hospital-based nutritional support.2,47,48

Generally recognized, but largely not evidence-
based, indications for parenteral nutrition in 
critically ill patients include massive small-bowel 

Table 1. Composition of a Typical Adult Formulation of Central Venous 
Parenteral Nutrition.*

Component Content

Total volume (liters/day) 1–2

Dextrose (%) 10–25

Amino acids (%)† 3–8

Lipids (%)‡ 2.5–5.0

Electrolytes (mmol/liter)

Sodium 40–150

Potassium 30–50

Phosphorus 10–30

Magnesium 5–10

Calcium 1.5–2.5

Trace elements§

Vitamins¶

* Electrolytes in parenteral nutrition are adjusted as indicated according to renal 
function, gastrointestinal losses, and other indicators to maintain serially mea-
sured serum levels within the normal range. In the presence of elevated blood 
levels, lower doses (or elimination) of specific electrolytes, as compared with 
the typical ranges that are listed, may be indicated until blood levels normalize. 
Higher dextrose levels typically increase requirements for potassium, magnesium, 
and phosphorus. The percentage of sodium and potassium salts as chloride is 
increased to correct metabolic alkalosis, and the percentage of salts as acetate 
is increased to correct metabolic acidosis. Regular insulin is added to parenteral 
nutrition as needed to achieve blood glucose goals, and separate intravenous 
insulin infusions are commonly required in patients with hyperglycemia.

† Parenteral nutrition provides all nine essential amino acids and eight nones-
sential amino acids. Some guidelines recommend the routine addition of glu-
tamine as a conditionally essential amino acid in critically ill adults. The dose 
of amino acids is adjusted as a function of the respective degrees of renal and 
hepatic dysfunction.

‡ In the United States, only soybean oil–based fat emulsions are available. Intra-
venous lipid is provided as a 20% emulsion when given as a separate infusion 
over a period of 10 to 12 hours per day; when pharmacy parenteral- nutrition 
compounding machines are used, 20% or 30% lipid emulsions may be mixed 
with dextrose, amino acids, and micronutrients in the same infusion bag. In 
European and other countries, intravenous fish oil, mixtures of olive and soy-
bean oils, medium-chain triglyceride–soybean oil mixtures, and combinations 
of these oils are approved for use in parenteral nutrition.

§ Trace elements that are added on a daily basis to parenteral nutrition are typi-
cally mixtures of chromium, copper, manganese, selenium, and zinc. Minerals 
can also be supplemented individually.

¶ Vitamins that are added on a daily basis to parenteral nutrition are mixtures 
of vitamins A, B1 (thiamine), B2 (riboflavin), B3 (niacinamide), B6 (pyridoxine), 
B12, C, D, and E; biotin; folate; and pantothenic acid. Vitamin K is added on 
an individual basis (e.g., in patients with cirrhosis). Specific vitamins can also 
be supplemented individually.
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resection with or without colonic resection and 
proximal high-output fistulae or perforated small 
bowel. Other conditions in which enteral nutri-
tion may be contraindicated or not tolerated in-
clude severe diarrhea or emesis, substantial ab-
dominal distention, partial or complete bowel 
obstruction, severe gastrointestinal bleeding, and 
severe hemodynamic instability.1,2 The likely per-
sistence of any of these conditions for more than 
3 to 7 days is commonly accepted as an indication 
for parenteral nutrition.1,2,16

Generally accepted contraindications for par-
enteral nutrition (also largely not evidence-based) 
include adequate gastrointestinal tract function 
with access for enteral feeding, evidence that 
parenteral nutrition is unlikely to be required for 
more than 5 to 7 days, intolerance of the intra-
venous fluid load required for parenteral nutri-
tion, severe hyperglycemia, severe electrolyte ab-
normalities on the planned day of initiation of 
parenteral nutrition, and any circumstance that 

may substantially increase the risk of intravenous-
catheter placement.1,2,4,16

Parenteral nutrition can be given either by 
peripheral or central vein. However, because of 
the risk of phlebitis, peripheral-vein parenteral 
nutrition cannot be highly concentrated and 
therefore must be given in a large volume to meet 
nutrient requirements. Fluid restriction because 
of renal, hepatic, or cardiac dysfunction often 
precludes the use of large fluid volumes; thus, 
peripheral-vein parenteral nutrition is generally 
not indicated in ICU patients. Central venous 
catheters allow concentrated nutrient delivery 
and are typically more appropriate for such pa-
tients.

Proper insertion and maintenance of the intra-
venous catheter are essential for the safety and 
success of parenteral nutrition.2,49 Many hospitals 
have a dedicated vascular-access service for the 
purpose of inserting catheters specifically for 
parenteral nutrition. In general, a catheter that 

Table 2. Clinical Manifestations of Nutrient Deficiencies.*

Sign or Symptom Potentially Depleted Nutrient

Muscle and fat wasting, weakness Calories, protein, or both

Peripheral edema Thiamine (heart failure), protein (low oncotic pressure) 

Glossitis (discolored, smooth, or painful tongue) Folate, vitamin B12, niacin, riboflavin, thiamine, iron 

Cheliosis, angular stomatitis Riboflavin, niacin, folate, vitamin B12

Loss of vibratory or position sense, fatigue Vitamin B12

Dermatitis (sun-exposed skin), diarrhea, dementia Niacin (pellagra) 

Symmetric motor or sensory dysfunction, ataxia, nystag-
mus, heart failure, mental status changes or confusion 

Thiamine (beriberi) 

Bleeding gums, petechiae, ecchymosis Vitamin C, vitamin K

Poor wound healing Calories, protein, calories and protein, vitamin C, 
vitamin A, zinc, other micronutrients

Bone pain Vitamin D (osteomalacia)

Follicular hyperkeratosis, night blindness, Bitot’s spots Vitamin A 

Flaky, whitish dermatitis Essential fatty acids (linoleic, linolenic)

Sparse hair, easily pluckable hair, or both Zinc, protein 

Pale skin, nail spooning (koilonychia) Iron

Loss of taste; reddish dermatitis around nose, mouth, 
and groin; hair loss

Zinc 

Peripheral neuropathies, gait abnormalities, weakness, 
fatigue

Copper 

Muscle pain, heart failure (cardiomyopathy) Selenium

Paresthesias, carpal pedal spasm Calcium, magnesium, phosphorus, or potassium

* Alternatively, the signs and symptoms may have a variety of non-nutritional causes. Typically, severe deficiency of spe-
cific nutrients has occurred before physical manifestations of deficiency, with initial depletion of tissue concentrations 
of the nutrient, followed by decreased blood concentrations.
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is inserted for parenteral nutrition should not be 
used for any other purpose, such as phlebotomy 
or the administration of medications.2,49 Partic-
ular care must be taken to maintain the catheter 
and the percutaneous entry site with appropriate 
sterile access and dressing techniques.

Parenteral-nutrition formulations are prepared 
in a sterile environment by pharmacists with 
specific training in preparing such formulations. 
Computerized formulation guidance is increas-
ingly used to ensure proper composition. Because 
of the risk of biochemical degradation and bac-
terial contamination, fresh solutions are prepared 
every 24 hours and are kept refrigerated and 
protected from light. The parenteral-nutrition 
solution is allowed to warm to room temperature 
before administration. The solution is adminis-
tered by infusion pump to control the rate of de-
livery. In-line filters are used to remove particu-
late matter.

Energy (calorie) needs in adult patients in the 
ICU often vary considerably because of day-to-
day changes in clinical conditions.9,50,51 Optimal 
caloric requirements in critically ill patients are 
unknown owing to the lack of data from rigor-
ous randomized clinical trials.1,30 Resting energy 
expenditure can be measured with the use of in-
direct calorimetry or more conveniently estimated 
with the use of standard predictive equations. The 
most common is the Harris–Benedict equation, 
which incorporates the patient’s age, sex, weight, 
and height (Table 3).2,51 Current clinical practice 
guidelines suggest that an adequate energy goal 
for most ICU patients is approximately equivalent 
to the measured or estimated resting energy ex-
penditure multiplied by 1.0 to 1.2.2,16 An alterna-
tive method is to use 20 to 25 kcal per kilogram 
of body weight as the total caloric target range 
for most adults in the ICU.16,19

The principal macronutrient components of 
central venous parenteral nutrition include amino 
acids, lipids, and dextrose (Table 1). The com-
mon recommendation for the amino acid dose 
ranges from 1.2 to 1.5 g per kilogram per day 
for most patients with normal renal and hepatic 
function, although some guidelines recommend 
higher doses (2.0 to 2.5 g per kilogram per day) 
under specific conditions (Table 3).1,2,16,27 The rec-
ommended maximal dose of lipid emulsion in-
fusion is approximately 1.0 to 1.3 g per kilogram 
per day.2 Typically, lipid emulsions are given as 

separate infusions, although with the use of spe-
cialized pharmacy compounding machines, all 
the components of parenteral nutrition may be 
mixed in the same infusion bag.

In central venous parenteral nutrition, a rea-
sonable initial guideline is to provide 60 to 70% 
of non–amino acid calories as dextrose and 30 
to 40% of non–amino acid calories as fat emul-
sion (Table 3).2,16 I find it useful to provide ap-
proximately half the estimated dextrose goal on 
the first day of therapy and to advance the dex-
trose dose to the target amount over the next 2 to 
3 days if the formula is well tolerated.

Recent studies indicate that relatively tight 
blood glucose control in ICU settings is associ-
ated with an improved clinical outcome.1,32,34,35 
However, there is debate about the optimal upper 
and lower limits of blood glucose.34,35 Data from 
the Normoglycemia in Intensive Care Evaluation–
Survival Using Glucose Algorithm Regulation 
(NICE-SUGAR) trial (ClinicalTrials.gov number, 
NCT00220987) suggest that maintaining a blood 
glucose level of less than 180 mg per deciliter may 
be an appropriate goal for ICU patients, although 
uncertainty persists with regard to surgical ICU 
patients.34,35 Mild degrees of hyperglycemia can 
be treated by decreasing the dextrose content or 
by adding regular insulin to the parenteral-nutri-
tion mixture to maintain blood glucose within 
the desired range. Separate intravenous insulin 
infusions provide flexibility and should be used 
to treat marked hyperglycemia in the ICU.

Specific requirements for intravenous trace ele-
ments and vitamins have not been well defined 
in subgroups of critically ill patients.6,7 There-
fore, standardized intravenous preparations of 
combined vitamins and minerals are commonly 
used (Table 1).2

Monitoring of central venous parenteral nu-
trition in the ICU requires routine assessment of 
multiple factors (Table 1 in the Supplementary 
Appendix).2,49 Blood glucose should be monitored 
several times daily to ensure adequate metabolic 
control, and blood electrolytes (including potas-
sium, sodium, chloride, magnesium, and phos-
phorus) and renal function should generally be 
assessed daily. Blood triglyceride levels may be 
monitored at baseline and then generally weekly, 
particularly in patients with known lipid disor-
ders, pancreatitis, or liver or renal disease, to as-
sess clearance of intravenous fat.2,16 Hepatic func-
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tion should probably be measured at least a few 
times weekly.52 The pH of arterial blood gases 
should be monitored in patients who are under-
going mechanical ventilation.2,49 I find it useful 
to periodically measure blood levels of zinc, cop-
per, selenium, vitamin C, thiamine, vitamin B6, 
vitamin B12, and 25-hydroxyvitamin D in some 
patients. Consultation with an experienced, mul-
tidisciplinary nutritional-support team for rec-
ommendations regarding the parenteral-nutrition 
prescription and for monitoring may reduce com-
plications and costs and may decrease inappropri-
ate use of these specialized feeding methods.2,53,54

The estimated daily cost of standard central 
venous parenteral nutrition is approximately $60 
to $90, depending on additives (e.g., supplemen-
tal micronutrients). Personnel costs for monitor-
ing by nutritional-support health professionals 
and for preparation of parenteral nutrition by 

pharmacists is approximately $20 per day, with 
additional minor costs for intravenous tubing, 
nursing time, and so forth.

A dv er se Effec t s

Central-vein parenteral nutrition is associated 
with mechanical, metabolic, and infectious com-
plications.2 Such complications are much more 
common when parenteral nutrition is not prop-
erly administered and when current standards of 
practice are not applied. Complications such as 
pneumothorax, bleeding, and thrombus forma-
tion can occur owing to the insertion of the cen-
tral venous catheter, which is typically performed 
as a component of usual critical care. Catheter-
related and non–catheter-related infections are 
not uncommon and are associated with hyper-
glycemia,16,32,41 the use of internal jugular-vein 

Table 3. Suggested Parenteral-Nutrition Requirements for Critically Ill Adult Patients.*

Variable Dose†

Energy Resting energy expenditure in kcal/day × 1.0 to 1.2, or 20 to 
25 kcal/kg/day‡

Dextrose Initial parenteral nutrition order with 60 to 70% of non–
amino acid calories as dextrose§

Lipid emulsion Initial parenteral nutrition order with 30 to 40% of non–
amino acid calories as lipid§

Essential and nonessential amino acids (g/kg/day)

Normal renal and hepatic function 1.2–1.5¶

Hepatic failure (cholestasis) 0.6–1.2 (based on estimated function)

Encephalopathy 0.6 (may be temporarily discontinued)

Acute renal failure in patients not on renal-replacement 
therapy

0.6–1.0 (based on renal function)

Renal failure in patients on renal-replacement therapy 1.2–1.5∥

* Caloric needs can be estimated by indirect calorimetry; they can be inaccurate in mechanically ventilated patients re-
ceiving high levels of inspired oxygen or because of air leaks or other technical issues. In obese subjects, an adjusted 
body weight should be used in the calculation of energy and protein needs according to the following equation: 
Adjusted body weight = ideal body weight (from standard tables or equations) + (current weight − ideal body weight) 
× 0.25.

† The energy density is 3.4 kcal per gram for dextrose, 10 kcal per gram for lipid emulsion, and 4 kcal per gram for amino acids.
‡ The Harris–Benedict equation can be used to estimate resting energy expenditure in kcal per 24 hours and for men is 

as follows: 66.5 + (13.8 × body weight in kg) + (5.0 × height in cm) − (6.8 × age in yr). The equation for women is: 655 + 
(9.6 × body weight in kg) + (1.8 × height in cm) − (4.7 × age in yr). The equation may over- or underestimate resting energy 
expenditure in certain critically ill patients, particularly when clinical conditions are changing and when body weight 
fluctuates because of changes in fluid status.

§ Caloric needs can also be estimated as 20 to 25 kcal per kilogram per day (using dry weight or ideal body weight). Some 
studies suggest that 15 to 20 kcal per kilogram per day or lower may be appropriate.

¶ The clinical practice guidelines of some professional societies recommend protein or amino acid doses up to 2.0 g per 
 kilogram per day in certain subgroups.

∥ The clinical practice guidelines of some professional societies recommend protein or amino acid doses up to 2.0 or 
2.5 g per kilogram day in patients receiving renal-replacement therapy.
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or femoral-vein central venous catheters, and the 
use of nondedicated infusion ports for parenteral 
nutrition.49

Overfeeding (the administration of excess dex-
trose, fat, or calories) and the refeeding syndrome 
(rapid feeding of patients with preexisting mal-
nutrition) can induce a variety of metabolic com-
plications during parenteral nutrition (Fig. 1).2,55-57

Accelerated carbohydrate metabolism increases 
the body’s use of thiamine and can precipitate 
symptoms and signs of thiamine deficiency.56

Insulin has an antinatriuretic effect,58 which, 
when coupled with increased sodium and fluid 
intake during refeeding, can cause a rapid ex-
pansion of the volume of extracellular f luid in 
some patients.55,56 Decreased levels of blood elec-

trolytes can induce cardiac arrhythmias. In rare 
cases, these responses result in heart failure, 
particularly in patients with preexisting cardiac 
dysfunction.55,56 Other metabolic effects can in-
clude hypercapnia, hepatic steatosis, neuromuscu-
lar dysfunction, and immunologic defects (Fig. 1).

A r e a s of Uncerta in t y

The optimal timing for the initiation of paren-
teral nutrition and the efficacy of various energy 
doses in critical care remain major areas of un-
certainty.1,2,59-62 Few prospective data are avail-
able on the clinical effects of minimal or no 
feeding over a period of more than 7 days.43 In 
patients who cannot tolerate adequate amounts 

Parenteral nutrition

Hypercapnia (excess total kcal)
Respiratory insufficiency (excess

fluid, total kcal, carbohydrate, or
fat; refeeding hypophosphatemia)

Elevated liver-function values (excess total kcal, 
carbohydrate, or fat)

Hepatic steatosis (excess total kcal, 
carbohydrate, or fat)

Increased blood ammonia (excess amino acid)

Hyperinsulinemia (excess carbohydrate)
Hyperglycemia with refeeding

Azotemia (excess amino acid)
Fluid retention (excess fluid or

sodium, refeeding hyperinsulinemia)

Neuromuscular dysfunction
(refeeding-induced electrolyte
shifts, thiamine depletion)

Cardiac failure or arrhythmias
(excess fluid or electrolytes,
refeeding hypophosphatemia,
hypokalemia, or hypo-
magnesemia)

Intracellular shift of phosphorus,
potassium, or magnesium
(excess carbohydrate, refeeding
hyperinsulinemia)

Immune-cell dysfunction or infection (excess
carbohydrate and secondary hyperglycemia)

Possibly proinflammatory effects of soybean-
   oil lipid emulsion

Intracellular shift of phosphorus,
potassium, or magnesium
(excess carbohydrate, refeeding

mulsion

Immune-cell dysfu
carbohydrate and secondar

Possibly proinflammatory eff

nfection (excess
ry hyperglycemia)

unction or i
nd secondar

Figure 1. Potential Metabolic and Clinical Consequences of Overfeeding and the Refeeding Syndrome during 
 Administration of Central Venous Parenteral Nutrition in Patients with Critical Illness.

Hypertriglyceridemia can occur with excess administration of carbohydrates or fat emulsion; excess administration 
of specific electrolytes in a variety of clinical conditions (e.g., acute kidney injury) can lead to elevated blood levels, 
whereas inadequate administration, especially during refeeding, can lead to decreased blood levels. Inadequate 
 energy provision in relation to the dose of amino acids can contribute to azotemia.
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of enteral feeding, it is also unclear whether the 
initiation of supplemental parenteral nutrition is 
clinically beneficial in achieving goals for caloric 
and protein or amino acid intake.1,2,16,21,43 In ad-
dition, the clinical efficacy of conventional soybean 
oil–based lipid emulsions, as compared with al-
ternatives (e.g., fish oil, olive oil plus soybean oil, 
medium-chain triglycerides plus soybean oil, and 
combinations of these oils), remains uncertain.63-67

Available data suggest that the body’s require-
ment for glutamine may exceed its endogenous 
production in certain ICU patients.4,12,16,22 Several 
clinical trials have shown that glutamine-supple-
mented parenteral nutrition has protein anabolic 
effects, enhances indexes of immune function, 
and decreases the rate of hospital-acquired in-
fections.12,22,68-70 However, clinical practice guide-
lines differ on the question of whether glutamine, 
if available, should be routinely added to paren-
teral nutrition in the ICU.1,4,16

The optimal target for blood glucose control 
in ICU patients remains an area of uncertainty 
and has not been specifically investigated in pa-
tients receiving parenteral nutrition. Trials are 
also needed among subgroups of ICU patients to 
define biochemically and clinically optimal doses 
of specific vitamins and minerals.1,2,6,7,16,71,72

Guidelines

Comprehensive clinical practice guidelines by ex-
pert professional societies in Canada, Europe, and 
the United States are available.1,2,4,16,19,47-49 Guide-
lines that were published earlier this year suggest 
that when enteral feeding is not possible, paren-
teral nutrition should be initiated within 7 days 
(according to one guideline1) or within 3 days (ac-

cording to another guideline16). Among such pa-
tients who have protein-energy malnutrition at 
the time of admission to the ICU, the American 
clinical practice guidelines suggest that parenteral 
nutrition should be initiated without delay.1

R ecommendations

The patient in the vignette has a preadmission his-
tory of poor food intake, substantial weight loss, 
and evidence of skeletal-muscle and fat wasting. 
She is at risk for further nutrient depletion owing 
to catabolic effects of major surgery and inflam-
mation, glycosuria, and gastrointestinal nutrient 
losses. It is unlikely that her nutrient needs will 
be fully met through enteral nutrition alone, in 
light of the extensive small-bowel resection.

I would therefore recommend the use of cen-
tral venous parenteral nutrition. The patient is at 
risk for the refeeding syndrome, so the initial 
volume of parenteral nutrition should be 1 liter, 
and the administration of dextrose should be mod-
est (e.g., 100 g per day) in an otherwise complete 
formulation. I would add additional magnesium 
and phosphorus in light of her blood levels, as well 
as supplemental thiamine. When the patient’s 
upper bowel is functional and her condition is 
hemodynamically improved and stable, I would 
initiate enteral nutrition as tolerated. I would 
recommend management of the patient’s nutri-
tional issues by an experienced nutritional-sup-
port team.
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UKPDS and the Legacy Effect
John Chalmers, M.D., Ph.D., and Mark E. Cooper, M.D., Ph.D.

The United Kingdom Prospective Diabetes Study 
(UKPDS) continues to produce important evi-
dence concerning the evolution of type 2 diabetes 
and its management. Two studies published in 
this issue of the Journal provide some answers to 
two questions of fundamental importance to pa-
tients with diabetes and to physicians alike. In 
one article, Holman et al. (UKPDS 80)1 provide 
data that confirm a so-called legacy effect asso-
ciated with intensive glucose control in patients 
with type 2 diabetes, long after the cessation of 
randomized intervention. This finding provides 
a fitting parallel to the observations of the Dia-
betes Control and Complications Trial/Epidemi-
ology of Diabetes Intervention and Complications 
(DCCT/EDIC) study in patients with type 1 dia-
betes.2 In the other article, Holman et al. (UKPDS 
81)3 present the opposite conclusion with respect 
to blood pressure, reporting that there is no such 
sustained effect with intensive control of blood 
pressure and that good blood-pressure control 
must be continued if the benefits are to be main-
tained.

In the original UKPDS, which involved 5102 
patients with newly diagnosed type 2 diabetes, 
4209 patients were randomly assigned to receive 
either conventional therapy (diet alone) or inten-
sive therapy (either sulfonylurea or insulin or, in 
overweight patients, metformin) for glucose con-
trol, whereas 1148 patients who also had hyper-
tension were randomly assigned to tight or less-
tight regimens for blood-pressure control.1,3-5 In 
post-trial monitoring, patients returned to com-
munity- or hospital-based diabetes care with no 
attempt to maintain their previously random-
ized therapies. Patients were seen annually for 
5 years at UKPDS clinics with continued collec-
tion of outcome data, laboratory measurements, 
and questionnaires. All patients were assessed 
by questionnaire alone in years 6 through 10. 
The median follow-up for the glucose-control 
comparison was about 17 years with close to 
9 years of post-trial follow-up, whereas the medi-
an follow-up for the blood-pressure comparison 

was 15 years with 8 years of post-trial follow-up.1,3 
The original prespecified outcomes continued to 
be adjudicated by the UKPDS end-points com-
mittee.1,3-5

Between-group differences in glycated hemo-
globin levels were lost within 1 year after cessa-
tion of the randomly assigned treatments, and 
such differences in blood-pressure levels were 
lost within 2 years after cessation. However, levels 
of glycated hemoglobin continued to fall in both 
glucose-control groups1 and blood-pressure levels 
continued to fall in both blood-pressure groups3 
during the first 5 years of post-trial monitoring, 
during which time these levels were measured 
annually, most likely reflecting continuing im-
provement in risk-factor management in type 2 
diabetes. In the sulfonylurea–insulin group, rela-
tive reductions in risk persisted at 10 years for 
any diabetes-related outcomes (9%, P = 0.04) and 
microvascular disease (24%, P = 0.001). In addi-
tion, post-trial risk reductions emerged for dia-
betes-related death (17%, P = 0.01), myocardial in-
farction (15%, P = 0.01), and death from any cause 
(13%, P = 0.007).1 In the group of overweight pa-
tients who were treated with metformin, signif-
icant risk reductions persisted for any diabetes-
related outcomes (21%, P = 0.01), myocardial 
infarction (33%, P = 0.005), and death from any 
cause (27%, P = 0.002), but the absence of effect 
on microvascular disease in the original trial4 
persisted.1 In marked contrast to the persistent 
and emergent effects observed in post-trial fol-
low-up after intensive glucose control in type 2 
diabetes, the beneficial effects of tight blood-
pressure control on both macrovascular and mi-
crovascular events were not sustained in patients 
with both diabetes and hypertension.3

It is tempting to conclude that a similar 
mechanism underlies the legacy effect that is 
observed in the DCCT/EDIC and the UKPDS tri-
als in type 1 and type 2 diabetes, respectively.1,2 
However, the underlying mechanism responsible 
for this effect remains unclear. One of the most 
plausible hypotheses to explain the legacy effect 
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is that end products of advanced glycation form 
during chronic hyperglycemia and that fewer of 
these products are formed with better control.6 
Thus, patients with 5 years of better control could 
have had a legacy of fewer advanced glycation 
end products, which conferred long-term protec-
tion. Another possible explanation for the long-
term benefits of glycemic control on macrovascu-
lar disease is that a reduction in the progression 
of renal disease ultimately translates into later 
protection against the development of diabetes-
related cardiovascular disease. Such a reduction 
in renal-disease progression was previously re-
ported in the UKPDS and in another trial, Action 
in Diabetes and Vascular Disease: Preterax and 
Diamicron Modified Release Controlled Evalua-
tion (ADVANCE) trial (ClinicalTrials.gov number, 
NCT00145925).3,7 Although the postintervention 
benefits reported by the Steno-2 Study, which 
involved patients who had type 2 diabetes and 
microalbuminuria,8 are often held to reflect a 
legacy effect, the results may equally (or in part) 
reflect the persistence of differences in risk fac-
tors, including levels of glycated hemoglobin, 
blood pressure, and cholesterol.8 Nevertheless, 
the Steno-2 Study provides a powerful incentive 
for a multifactorial therapeutic strategy for effec-
tive prevention of vascular complications in pa-
tients with diabetes.

There are many similarities between the 
UKPDS and the ADVANCE trial.1,4,5,7 Both trials 
used pragmatic sulfonylurea-based glucose-con-
trol regimens, with intensification over time. Re-
sults from both trials indicated that tighter glu-
cose control prevented microvascular but not 
macrovascular complications during the period of 
randomized comparison.4,7 Neither trial showed 
evidence of an increase in mortality, a finding 
that was observed with intensive glucose control 
in the Action to Control Cardiovascular Risk in 
Diabetes (ACCORD) trial (NCT00000620).9 How-
ever, all three trials are similar in observing that 
good glycemic control and, in the case of the 
ADVANCE and ACCORD trials, the achievement 
of nearly normal glycemic levels do not reduce 
major cardiovascular events in the short term.4,7,9 
However, the UKPDS, which shows subsequent 
reductions in fatal and nonfatal macrovascular 
complications, might be used to speculate that 
the late separation seen in the Kaplan–Meier 
curves for major macrovascular events and death 
from any cause in the ADVANCE trial, although 

not significant during the trial period itself, 
might represent the beginning of a long-term 
risk reduction that would become significant if 
subjects had been followed for a sufficiently long 
period, as was done by Holman et al.1

The UKPDS analysis of metformin, as com-
pared with dietary restriction, was conducted in a 
small sample of overweight patients with type 2 
diabetes and appears to be the only trial of its 
kind.1 The reasons why this regimen should act 
to reduce macrovascular but not microvascular 
complications during both the randomized trial 
period and the post-trial period remain un clear.1,4 
The play of chance might have contributed, 
though it is interesting to note that plasma cre-
atinine levels were 15% higher on average in the 
metformin group than in the conventional-thera-
py group.1 Furthermore, the molecular basis for 
the effects of metformin on the vasculature re-
mains poorly understood. It is also not clear 
whether there are real differences in the cardio-
vascular benefits of sulfonylurea, as compared 
with metformin, and whether body habitus plays 
a significant role in the responses to these two 
therapies.

Although the absence of a legacy effect of 
tight blood-pressure control initially seems suffi-
ciently straightforward, it should be noted that 
the level of glycated hemoglobin was 0.8% higher 
in the tight blood-pressure control group than 
in the less-tight–control group, a difference simi-
lar (though in reverse) to that observed in the 
glucose-control comparison, not only in the 
UKPDS1,3 but also in the ADVANCE trial.7 This 
finding raises the intriguing possibility that a 
glycemic legacy effect favoring the less-tight 
blood-pressure control group might have masked 
a potential sustained effect of the lower blood-
pressure levels achieved in the tight blood-pres-
sure control group during the treatment phase 
of the study.

These two UKPDS long-term trials indicate 
that in patients with type 2 diabetes, intensive 
glucose control may have a legacy effect (what-
ever its genesis), whereas the same benefit does 
not apply to tight blood-pressure control. The two 
studies together highlight the importance of 
adopting a multifactorial approach for the pre-
vention of vascular complications in patients with 
type 2 diabetes. The results reinforce the impor-
tance of maintaining good glycemic control, not 
only for the prevention of the renal and meta-



66

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 359;15 www.nejm.org october 9, 20081620

bolic complications of diabetes but also for pro-
tection against the development of major cardio-
vascular disease in the long term.
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Indications

Blood-pressure measurement is indicated in any situation that requires assessment 
of cardiovascular health, including screening for hypertension and monitoring the 
effectiveness of treatment in patients with hypertension. In the routine outpatient 
setting, blood-pressure measurement is obtained indirectly. Proper techniques are 
important to ensure consistent and reliable measurements.

Contraindications

Measurement of blood pressure at the brachial artery is a generally benign procedure. 
However, there are some circumstances in which obtaining readings from a par-
ticular arm may not be appropriate; such circumstances include the presence of an 
arterial–venous shunt, recent axillary node dissection, or any deformity or surgical 
history that interferes with proper access or blood flow to the upper arm. If these 
relative contra indications are present, blood pressure should be assessed in the op-
posite arm. There may also be pre-existing conditions that can interfere with the ac-
curacy or interpretation of readings, such as aortic coarctation, arterial–venous mal-
formation, occlusive arterial disease, or the presence of an antecubital bruit. If neither 
arm can be used, then measurement of blood pressure in a leg may be indicated.

Equipment

The essential equipment for blood-pressure measurement includes a stethoscope 
and a sphygmomanometer. The stethoscope tubing should be long enough to permit 
the practitioner to auscultate Korotkoff sounds while viewing the manometer at eye 
level. Use of the bell side of the stethoscope chestpiece facilitates auscultation of the 
low-frequency Korotkoff sounds. The sphygmomanometer consists of a blood-pres-
sure cuff containing a distensible bladder, a rubber bulb with an adjustable valve for 
inflation, tubing that connects the cuff to the bladder, and a manometer (Fig. 1). 
Regular inspection and calibration of the equipment are important to ensure that 
it is in proper working order. For accurate measurement, calibrations are recom-
mended every 6 months.1,2

Many institutions have removed mercury manometers from clinical settings and 
replaced them with aneroid manometers. The steps required for accurate blood-
pressure measurement with an aneroid or a mercury manometer are identical.

Preparation

The examination room should be quiet, with a comfortable ambient temperature. 
Ideally, blood pressure should not be measured if the patient has engaged in recent 
physical activity, used tobacco, ingested caffeine, or eaten within the past 30 minutes.3

Figure 1. Equipment used in blood-
pressure measurement.

click here to access video.

http://www.nejm.org/page/account-confirmation-thanks
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Positioning of the Patient
Correct positioning of the patient is essential for accurate measurement. The patient’s 
back and legs should be supported, with the legs uncrossed and the feet resting on 
a firm surface.

The arm in which blood pressure will be measured should be bare to the shoul-
der, and the garment sleeve, if raised, should be loose, so that it does not interfere 
with blood flow or with proper positioning of the blood-pressure cuff. The arm 
should be supported and level with the heart. The manometer should be positioned 
at the health care practitioner’s eye level.

Arm Measurement
A common error in measuring blood pressure is the use of an improperly fitted 
cuff. Undersized cuffs will result in overestimation of blood pressure. Selection of 
an appropriately sized cuff requires assessment of the patient’s arm circumference 
at the midpoint of the upper arm. One half the distance between the acromion and 
the olecranon processes determines the midpoint of the arm (Fig. 2). The circum-
ference is then measured at the midpoint.

Cuff Sizing
Cuffs are typically marked with line indicators intended to facilitate proper fitting. 
The index line runs perpendicular to the length of the cuff, and the range line runs 
parallel to the length of the cuff. Once the cuff  has been wrapped around the arm, 
the index line should fall within the range-line limits, and the midpoint of the blad-
der should sit over the brachial artery.

In addition to index and range lines, cuffs will often indicate size or size 
ranges (e.g., adult or large adult). The sizes marked on the cuff should correspond 
to the appropriate arm circumference (Table 1). Although these may be helpful 
guides, it is most important to use a cuff size that is based on the arm measure-
ment and on the match between the index and range lines once the cuff is placed 
on the patient. A cuff that is too small may contribute to a falsely elevated blood-
pressure measurement.

Cuff Placement
The cuff should be placed on a bare arm, approximately 2 cm above the elbow crease, 
with the midline of the bladder (usually indicated by the manufacturer) directly over 
the brachial artery (Fig. 3). It should fit snugly but should still allow for two fingers 
to slide under the cuff.

Figure 2. Arm measurements for 
 assessing cuff size.

Figure 3. Proper positioning of the 
blood-pressure cuff.

Table 1. Blood-Pressure Cuff Sizing.

Arm Circumference Bladder Dimensions Cuff Size

centimeters

22 to 26 12×22 Small adult arm

27 to 34 16×30 Adult arm

35 to 44 16×36 Large adult arm

45 to 52 16×42 Adult thigh
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Pulse-Obliteration Pressure
Inflating the cuff to an arbitrary level runs the risk of overinflation and undue pa-
tient discomfort or of underestimation of systolic blood pressure. To avoid under-
estimation of blood pressure due to an auscultatory gap, determine the pulse-oblit-
eration pressure, which can be used to estimate an appropriate initial cuff-inflation 
pressure. An auscultatory gap is present when there is intermittent disappearance 
of the initial Korotkoff sounds after their first appearance. It is more likely to be 
present in older hypertensive patients and can lead to underestimation of systolic 
blood pressure.4 Estimating systolic blood pressure by first measuring pulse-obliter-
ation pressure helps to avoid an incorrect measurement of systolic blood pressure.

To determine the pulse-obliteration pressure, palpate the radial pulse while 
rapidly inflating the cuff to approximately 80 mm Hg. Then slow the inflation rate 
to approximately 10 mm Hg every 2 to 3 seconds, taking note of the reading at 
which the pulse disappears. After the pulse has disappeared, deflate the cuff at a 
rate of 2 mm Hg per second, noting when the pulse reappears, which confirms 
the obliteration pressure.

Blood-Pressure Measurement

Place the bell of the stethoscope over the brachial artery, using sufficient pressure 
to provide good sound transmission without over-compressing the artery. To avoid 
extraneous noise during cuff deflation, ensure that the stethoscope is not in contact 
with the patient’s clothing or with the blood-pressure cuff.

Once the pulse-obliteration pressure is determined, initiate the auscultatory 
blood-pressure measurement by rapidly inflating the cuff to a level 20 to 30 mm Hg 
above the pulse-obliteration pressure. Then deflate the cuff at a rate of 2 mm Hg per 
second while listening for the Korotkoff sounds.

Korotkoff Sounds

As the cuff is deflated, turbulent blood flow through the brachial artery generates 
a series of sounds. Classically, these have been described according to five phases. 
Phase 1 is characterized by a clear, repetitive tapping sound, coinciding with reap-
pearance of a palpable pulse. The initial appearance of phase 1 sounds is equal to 
the systolic blood pressure. During phase 2, audible murmurs in the tapping sounds 
are heard. In phases 3 and 4, muted changes in the tapping sounds occur (usually 
within 10 mm Hg of the true diastolic pressure) as the pressure measurement ap-
proaches the diastolic pressure. Phase 5 is not really a sound; it indicates the disap-
pearance of sounds and equates to the diastolic blood pressure.

To ensure that diastole has been reached, continue to deflate the cuff pressure 
for an additional 10 mm Hg beyond the fifth Korotkoff sound.

Obtain a minimum of two blood-pressure measurements at intervals of at least 
1 minute.1 Record the average of the measurements as the blood pressure.

Blood-Pressure Classification

Normal adult blood pressure is defined as a systolic pressure less than 120 mm Hg 
and a diastolic pressure less than 80 mm Hg. Higher blood pressures are consid-
ered to indicate prehypertension and hypertension, which is also divided into stages 
(Table 2).1

Observer Error

A common error in blood-pressure measurement is the introduction of observer 
bias, which occurs in two forms. The first occurs when practitioners show termi-
nal-digit preference, and the second occurs when practitioners round the terminal 
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digits, as when recorded blood-pressure levels are rounded to a 0 or a 5.1 Manom-
eter scales are generally scored in 2-mm increments, so a terminal digit of 5 cannot 
be read and the terminal digit 0 should occur only 20% of the time. Use of an ap-
propriate deflation rate and careful recording of the appearance and disappearance 
of Korotkoff sounds generally facilitates precise measurement.

A parallax error may occur when mercury manometers are used if the observer 
is not at eye level with the mercury column. Such misalignment between the eye 
and the mercury meniscus may cause the meniscus to be read as higher or lower 
than the actual position.

Special Circumstances

Certain clinical conditions may complicate blood-pressure measurement or its inter-
pretation. In the case of arrhythmias and dysrhythmias, irregularity in the timing 
of Korotkoff sounds (e.g., atrial fibrillation) can decrease the accuracy of a mea-
surement. Accuracy can be improved by decreasing the deflation rate and by taking 
an average of several measurements.

Atherosclerotic vascular disease can result in the persistence of audible Korot-
koff sounds (prolonged Korotkoff phase 4 or absence of phase 5) despite deflation 
to 0 mm Hg. This is called persistent systole and may occur in older patients and 
during pregnancy. In this situation, diastole should be estimated by noting the 
appearance of the fourth Korotkoff sound.

Occasionally, a patient with an exceptionally large arm circumference requires 
a cuff size that cannot be adequately positioned between the antecubital fossa and 
the upper arm. This can lead to patient discomfort and inadequate compression 
of the brachial artery. If an appropriate cuff cannot be fitted above the brachial 
artery, then it may be better to place a cuff on the forearm with auscultation of 
Korotkoff sounds at the radial artery. Care should be taken to ensure that the 
forearm is supported level with the heart. If the forearm is below heart level, a 
false elevation in pressure may occur, owing to increased hydrostatic forces.

Normal blood pressure fluctuates over a 24-hour period. In some situations, it 
may be prudent to obtain measurements at different times during the day, par-
ticularly when diagnosing or monitoring hypertension. It is also important to 
consider the timing and type of antihypertensive medications used when interpret-
ing blood-pressure measurements in hypertensive patients.

Dr. Conlin reports receiving lecture fees from Merck. No other potential conflict of interest relevant to this 
article was reported.
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Table 2. Blood-Pressure Classification.

Classification* Systolic Diastolic

mm Hg

Normal <120 <80 

Prehypertension 120–139 80–89

Stage I hypertension 140–159 90–99

Stage II hypertension ≥160 ≥100

* For classification of blood pressure as normal, the requirements for both systolic and diastolic 
pressure must be met; for the remaining categories, either the systolic or the diastolic requirement 
must be met.
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previously read before the American Academy of Art» and Sciences, Nov. 3d, 1646.

By Henry Jacob Bigelow, M.D., one of the Surgeons of the Massachusetts General Hospital.
[f'nuimunlcated for the Huston Medical and Surgical Journal.]

It has long been an important problem in medical science to devise
some method of mitigating the pain of surgical operations. An efficient
agent for this purpose has at length been discovered. A patient has been
rendered completely insensible during an amputation of the thigh, regain-
ing consciousness after a short interval. Other severe operations have
been performed without the knowledge of the patients. So remarkable an
occurrence will, it is believed, render the following details relating to
the history and character of the process, not uninteresting/

On the 16th of Oct., 1846, an operation was performed at the hospital,
upon a patient who had inhaled a preparation administered by Dr. Morton,
a dentist of this city, with the alleged intention of producing insensibility to

pain. Dr. Morton was understood to have extracted teeth under similar
circumstances, without the knowledge of the patient. The present ope-
ration was performed by Dr. Warren, and though comparatively slight,
involved an incision near the lower jaw of some inches in extent.

During the operation the patient muttered, as in a semi-conscious state,
and afterwards stated that the pain was considerable, though mitigated ;
in his own words, as though the skin had been scratched with a hoe.
There was, probably, in this instance, some defect in the process of inha-
lation, for on the following day the vapor was administered to another
palient with complete success. A fatty tumor of considerable size was
removed, by Dr. Hayward, from the arm of a woman near the deltoid
muscle. The operation lasted four or five minutes, during which time the
palient betrayed occasional marks of uneasiness ; but upon subsequently
regaining her consciousness, professed not only to have felt no pain, but to
have been insensible to surrounding objects, lo have known nothing of the
operation, being only uneasy about a child left at home. No doubt, I
think, existed, in the minds of those who saw this operation, that the uncon-

sciousness was real ; nor could the imagination be accused of any share in
the production of these remarkable phenomena.

I subsequently undertook a number of experiments, with the view of
ascertaining the nature of this new agent, and shall briefly state them,
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and also give some notice of the previous knowledge which existed of
the use of the substances I employed.

The first experiment was with sulphuric ether, the odor of which was

readily recognized in the preparation employed by Dr. Morton. Ether
inhaled in vapor is well known to produce symptoms similar to those pro-
duced by the nitrous oxide. In my own former experience the exhilara-
tion has been quite as great, though perhaps less pleasurable, than that of
this gas, or of the Egyptian haschish.* It seemed probable that the ether
might be so long inhaled as to produce excessive inebriation and insensi-
bility ; but in several experiments the exhilaration was so considerable
that the subject became uncontrollable, and refused lo inspire through the
apparatus. Experiments were next made with the oil of wine (ethereal
oil). This is well known to be an ingredient in the preparation known
as Hoffman's anodyne, which also contains alcohol, and this was accord-
ingly employed. Its effects upon the three or four subjects who tried it,
were singularly opposite to those of the ether alone. The patient was tran-

quillized, and generally lost all inclination to speak or move. Sensation
was partially paralyzed, though it was remarkable that consciousness was

always clear, the palient desiring to be pricked or pinched, with a view to
ascertain how far sensibility was lost. A much larger proportion of
oil of wine, and also chloric ether, with and without alcohol, were tried,
with no better effect.

It may be interesting to know how far medical inhalation has
been previously employed. Medicated inhalation has been often directed
to the amelioration of various pulmonary affections, with indifferent suc-
cess. Instruments called Inhalers were employed long ago by Mutige,
Gairdner and Darwin, and the apparatus filted up by Dr. Beddoes and
Mr. James Watt, for respiring various gases, has given birth to some octavo
volumes. More recently Sir Charles Scttdaniore has advocated the inha-
lation of iodine and coniuin in phthisis, and the vapor of tar has been
often inhaled in the same disease. The effects of stramonium, thus ad-
ministered, have been noticed by Sigmond.

The inhalation of the ethers has been recommended in various maladies,
among which may be mentioned phthisis and asthma. " On sait que la
respiration de l'ether sulfurique calme souvent les accidents nerveux de
certains croups," is from the Diet, des Se. Med. ; but 1 find that mention
of the inhalation of this agent is usually coupled with a caution against its
abuse, grounded apparently upon two or three cases, quoted and requoted.
Of these the first is from Brande's Journal of Science, where it is thus re-

ported : "By imprudent respiration of sulphuric ether, a gentleman was

thrown into a very lethargic state which continued from one-to three hours,
with occasional intermissions and great depression of spirits—the pulse
being for many days so low that considerable fears were entertained f()r
his life." Christison quotes the following from the Midland Med. and
Surg. Journal, to prove that nitric ether in vapor is a dangerous poison
when too freely and too long inhaled : " A druggist's maid servant was

* Extract of Indian hemp.
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found one morning dead in bed, and death had evidently arisen from the
air of her apartment having been accidentally loaded with vapor of nitric
ether, from the breaking of a three gallon jar of ihe Spiritus JEth. Nitric.
She was found lying on her sine, with her arms folded across her chest,
the countenance and posture composed, and the whole appearance like a

person in a deep sleep. The stomach was red internally, and the lungs
were gorged." The editor of the journal «here this case is related, says
he is acquainted with a similar instance, where a young man was found
completely insensible from breathing air loaded with sulphuric ether,
remained apoplectic for some hours, and would undoubtedly have perished
bad he not been discovered and removed in time. Ether is now very
commonly administered internally as a diffusible stimulant and antispas-
modic, in a dose of one or two drachms. But here also we have the
evidence of a few experiments that ether is capable of producing grave
results under certain circumstances. Orfila killed a dog by confining a

small quantity in the stomach by means of a ligature around the oesopha-
gus. Ja«er found that § ss. acted as a fatal poison to a crane. It was

for a long time supposed to be injurious to the animal economy. The
old Edinburgh Dispensatory, republished here in 1316, explicitly stales
that it is to be inhaled by holding in the mouth a piece of sugar, contain-
ing a few drops, and also that regular practitioners give only a few drops
for a dose ; " though," it adds, " empirics have sometimes ventured upon
much larger quantities, and with incredible benefit." p. 566. Neverthe-
less, it was known to have been taken in correspondingly large doses with
impunity. The chemist Bucquet, who died of scirrhus of the colon, with
inflammation of the stomach and intestines, took before his death a pint of
ether daily, to alleviate his excruciating pains (he also took 100 gr. opium
daily) ;—and Christison mentions an old gentleman who consumed for
many years *§ xvi. every eight or ten days. Such facts probably led
Meral and De Lens, in their Matière Médicale, to question its grave effects
when swallowed. Mentioning the case of Bucquet, they say, even of its
inhalation, that it produces only " un sentiment de fraîcheur que suit
bientôt une légère excitation."

Tbis variety of evidence tends to show that the knowledge of its effects,
especially those of its inhalation, was of uncertain character. Anthony
Todd Thomson well sums up what 1 conceive to have been the state of
knowledge at the time upon this subject, in his London Dispensatory of
1818. "As an antispasmodic, it relieves the paroxysm of spasmodic
asthma, whether it be taken into the stomach, or its va por only be inhaled
into the lungs. Much caution, however, is required in inhaling the vapor
of ether, as the imprudent inspiration of it has produced lethargic and
apoplectic symptoms." In bis Materia Medica and Therapeutics, of
1832, however, omitting all mention of inhalation, he uses the following
words: •' Like other diffusible excitants, its effects are rapidly propagated
over the system, and soon dissipated. From its volatile nature its exciting
influence is probably augmented ; as it produces distension of the stomach
and bowels, and is thus applied to every portion of their sensitive surface.
It is also probable lhat it is absorbed in its state of vapor, and is therefore
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directly applied to the nervous centres. It is the diffusible nature of the
stimulus of ether which rendéis it so well adapted for causing sudden ex-

citement, and producing immediate results. Its effects, however, so soon

disappear, that the dose requires to be frequently repeated."
Nothing is here said of inhalation, and we may fairly infer that the pro-

cess had so fallen into disrepute, or was deemed to be attended with such
danger, as lo render a notice of it superfluous in a work treating, in 1832,
of therapeutics.

It remains briefly to describe the process of inhalation by the new

method, and to state some of its effects. A small two-necked glass globe
contains the prepared vapor, together with sponges to enlarge the evapo-
rating surface. One aperture admits the air to the interior of the globe,
whence, charged with vapor, it is drawn through the second into the
lungs. The inspired air thus passes through the bottle, but the expiration
is diverted by a valve in the mouth piece, and escaping into the apartment
is thus prevented from vitiating the medicated vapor. A few of the
operations in dentistry, in which the preparation has as yet been chiefly
applied, have come under my observation. The remarks of the patients
will convey an idea of their sensations.

A boy of 16, of medium stature and strength, was seated in the chair.
The first few inhalations occasioned a quick cough, which afterwards
subsided ; at the end of eight minutes the head fell back, and the arms

dropped, but owing to some resistance in opening the mouth, the tooth
could not be reached before he awoke. He again inhaled for two minutes,
and slept three minutes, during which time the tooth, an inferior molar,
was extracted. At the moment of extraction the features assumed an

expression of pain, and the hand was raised. Upon coming to himself he
said he had had a " first rate dream—very quiet," he said, " and had
dreamed of Napoleon—had not the slightest consciousness of pain—the
time had seemed long :" ami he left the chair, feeling no uneasiness of any
kind, and evidently in a high state, of admiration. The pupils were

dilated during the state of unconsciousness, and the pulse rose from 130
to 142.

A girl of 16 immediately occupied the chair. After coughing a little,
she inhaled during three minutes, and fell asleep, when a molar tooth was

extracted, after which she continued to slumber tranquilly during three
minutes more. At the moment when force was applied she flinched and
frowned, raising her hand to her mouth, but said she had been dreaming
a pleasant dream and knew nothing of the operation.

A stout boy of 12, at the first inspiration coughed considerably, and
required a good deal of encouragement to induce him to go on. At the
end of three minutes from the first fair inhalation, the muscles were relaxed
and the pupil dilated. During the attempt to force open the mouth he
recovered his consciousness, and again inhaled during two minutes, and in
the ensuing one minute two teeth were extracted, the patient seeming
somewhat conscious, but upon actually awaking he declared "it was the
best fun he ever saw," avowed his intention to come there again, and
insisted upon having another tooth extracted upon the spot. A splinter
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-which had been left, afforded an opportunity of complying with his wish,
but the pain proved to be considerable. Pulse at first 110, during sleep
96. afterwards 144; pupils dilated.

The next patient was a healthy-looking, middle-aged woman, who inhaled
the vapor for four minutes; in the course of the next two minutes a back
tooth was extracted, and die patient continued smiling ¡n her sleep for three
minutes more. Pulse 120, not affected at the moment of the operation,
but smaller during sleep. Upon coming to herself, she exclaimed that " it
was beautiful—she dreamed of being at home—it seemed as if she had
been gone a month." These cases, which occurred successively in about
an hour, at the room of Dr. Morton, are fair examples of the average
results produced by the inhalation of the vapor, and will convey an idea
of the feelings and expressions of many of the patients subjected to the
process. Dr. Morton stales that in upwards of two hundred patients,
similar effects have been produced. The inhalation, after the first irrita-
tion has subsided, is easy, and produces a complete unconsciousness at

the expiration of a period varying from two to five or six, sometimes eight
minutes; its duration varying from two to five minutes; during which the
patient is completely insensible to the ordinary tests of pain. The pupils
in tlie cases I have observed have been generally dilated ; but with allow-
ance for excitement and other disturbing influences, the pulse is not affected,
at least in frequency ; the palient remains in a calm anil tranquil slumber,
and wakes with a pleasurable feeling. The manifestation of consciousness
or resistance I at first attributed to the reflex function, but I have since
had cause to modify this view.

It is natural to inquire whether no accidents have attended the employ-
ment of a method so wide in its application, and so striking in its results.
I have been unable to learn that any serious consequences have ensued.
One or two robust patients have failed to be affected. I may mention as

an early and unsuccessful case, its administration in an operation performed
by Dr. Hayward, where an elderly woman was made to inhale the vapor
for at least half an hour without effect. Though I was unable at the
time to detect any imperfection in the process, I am inclined to believe
that such existed. One woman became much excited, and required to
be confined to the chair. As this occurred to the same patient twice,
and in no other case as far as I have been able to learn, it was evidently
owing to a peculiar susceptibility. Very young subjects are affected with
nausea and vomiting, and for this reason Dr. M. has refused to administer
it to children. Finally, in a few cases, the patient has continued to sleep
tranquilly for eight or ten minutes, and once, after a protracted inhalation,
for the period of an hour.

The following case, which occurred a few days since, will illustrate the
probable character of future accidents. A young man was made to inhale
the vapor, while an operation of limited extent, but somewhat protracted
duration, was performed by Dr. Dix upon the tissues near the eye. After
a good deal of coughing the patient succeeded in inhaling the vapor, and
fell asleep at the end of about ten minutes. During the succeeding two
minutes the first incision was made, and the patient awoke, but uncon-
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scions of pain. Desiring to be again inebriated, the tube was placed in
his liiouih and retained there about twenty-five minutes, the patient
being apparently half affected, but, as he subsequently stated, un-

conscious. Respiration was performed partly through the tube and
partly with the mouth open. Thirty-five minutes had now elapsed, w hen
1 found the pulse suddenly diminishing in force, so much so, lhat I sug-
gested the propriety of desisting. The pulse continued decreasing in
force, and from 120 had fallen to 96. The respiration was very slow,
the hands cold, and the patient insensible. Attention was now of course

directed to the return of respiration and circulation. Gold affusions, as di-
rected for poisoning with alcohol, were applied to the head, the ears were

syringed, and ammonia presented to the no-trils and administered internal-
ly. For fifteen minutes the symptoms remained stationary, when it was

proposed to use active exercise, as in a case of narcotism from opium. Being
lifted to his feet, the patient soon made an effort to move his limbs, and
the pulse became more full, bul again decreased in the sitting posture, and
it was only after being compelled to walk during half an hour that the
patient was able to lift his head. Complete consciousness returned only
at the expiration of an hour. In this case the blood was flowing from the
head, and rendered additional loss of blood unnecessary. Indeed the pro-
bable hemorrhage was previously relied on as salutary in its tendency.

Two recent cases serve to confirm, and one I think lo decide, the great
utility of this process. On Saturday, ihe 7th Nov., at the Mass. General
Hospital, the right leg of a young girl was amputated above the knee, by
Dr. Hayward, for disease of this joint. Being made to inhale the prepa-
ration, after protesting her inability to do so from the pungency of the
vapor, she became insensible in about five minutes. The last circum-
stance she was able to recall was the adjustment of the mouth piece of
the apparatus, after which she was unconscious until she heard some

remark at the time of securing the vessels—one of the last steps of the
operation. Of the incision she knew nothing, and was unable to say,
upon my asking her, whether or not the limb had been removed. She re-

fused to answer several questions during the operation, and was evidently
completely insensible to pain or other external influences. This operation
was followed by another, consisting of the removal of a part of the lower
jaw, by Dr. Warren. The patient was insensible to the pain of the first inci-
sion, though she recovered her consciousness in the course of a few minutes.

The character of the lethargic state, which follows this inhalation, is
peculiar. The patient loses his individuality and awakes after a certain
period, either entirely unconscious of what has taken place, or retaining
only a faint recollection of it. Severe pain is sometimes remembered as

being of a dull character ; sometimes the operation is supposed by the
patient to he performed upon somebody else. Certain patients, whose
teeth have been extracted, remember the application of the extracting
instruments ; yet none have been conscious of any real pain.

As before re narked, the phenomena of ihe lethargic stale are not such
as to lead the observer to infer this insensibility. Almost all patients
under the dentist's hands scowl or frown ; some raise ihe band. The
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patient wdiose leg was amputated, uttered a cry when the sciatic nerve
was divided. Many patients open the mouth, or raise themselves in the
chair, upon being directed to do so. Others manifest the activity of cer-
tain intellectual faculties. An Irishman objected to the pain, that he had
been promised an exemption from it. A young man taking his seat in the
chair and inhaling a short time, rejected the globe, and taking from his
pockets a pencil and card wrote and added figures. Dr. M. supposing
him to be affected, asked if .he would now submit to the operation, to
which the young man willingly assented. A tooth was accordingly
extracted, and the patient soon after recoveretl his senses. In none of
these cases had the patients any knowledge of what had been done during
their sleep.

I am, as yet, unable to generalize certain other symptoms to which I
have directed attention.* The pulse has been, as far as my observation
extends, unaltered in frequency, though somewhat diminished in volume,
hut the excitement preceding an operation, has, in almost every instance,
so accelerated the pulse that it has continued rapid for a length of time.
The pupils are in a majority of cases dilated ; yet they are in certain
cases unaltered, as in the above case of amputation.

The duration of the insensibility is another important element in the
process. When tlie apparatus is withdrawn at the moment of unconscious-
ness, it continues, upon the average, two or three minutes, and the patient
then recovers completely or incompletely, without subsequent ill effects.
In this sudden cessation of the symptoms, this vapor in the air tubes
differs in its effects from the narcotics or stimulants in the stomach, and.
as far as the evidence of a few experiments of Dr. Morton goes, from the
ethereal solution of opium when breathed. Lassitude, headache and other
symptoms lasted for several hours, when this agent was employed.

But if the respiration of the vapor be prolonged much beyond the first
period, the symptoms are more permanent in their character. In one of
the, first cases, that of a young boy, the inhalation was continued during
the greater part of ten minutes, and the subsequent narcotism and drow-
siness lasted more than an hour. In a case alluded to before, the narcotism
was complete during more than twenty minutes, the insensibility ap-
proached to coma.

Such cases resemble those before quoted from Christison and other
authors, and show that the cessation of the inhalation, after it has been
prolonged for a length of time, does not produce a corresponding cessation
of the symptoms; while, if the inhalation is brief, the insensibility
ceases in a short time. Recovery, in the latter case, is not improba-
bly due to the complete and rapid elimination of the vapor from the
lungs ; the more gradual return of consciousness, in the former case,
to the presence of a larger quantity of ttnexhaled particles. A fact
mentioned by Christison bears upon this point. This author states that
insensibility from the presence of a large quantity of alcohol in the stomach,

* Since the above was written. I find tins irregularity of symptoms mentioned in the case of poU
roning by alcohol. Or. Ocston, accordina to Christiaon, lias in vain attempted lo group together
and lo classify the states of respiration, pulse, and pupil.
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often gives place to a complete and sudden return of consciousness, when
the alcohol is removed by the stomach pump. It is probable that the
vapor of the new preparation ceases early to act upon the system, from
the facility with which it is exhaled.

The process is obviously adapted to operations which are brief in their
duration, whatever be their severity. Of these, the two most striking are,
perhaps, amputations anil the extraction of teeth. In protracted dissections,
the pain of the first incision alone is of sufficient importance to induce its
use; and it may hereafter prove safe to administer it for a length of lime,
and to produce a narcotism of an hour's duration. It is not unlikely lo be
applicable in cases requiring a suspension of muscular action ; such as the
reduction of dislocations or of strangulated hernia : and finally it may be
employed in the alleviation of functional pain, of muscular spasm, as in
cramp and colic, and as a sedative or narcotic.

.The application of the process to the performance of surgical opera-
tions, is, it will be conceded, new. If it can be shown to have been
occasionally resorted lo before, it was only an ignorance of its universal
application and immense practical utility that prevented such isolated
facts from being generalized.

It is natural to inquire with whom this invention originated. Without
entering into details, I learn that the patent bears the name of Dr. Charles
T. Jackson, a distinguished chemist, and of Dr. Morion, a skilful dentist,
of this city, as inventors—and has been issued to the latter gentleman as

proprietor.
It has been considered desirable by the interested parties that the cha-

racter of the agent employed by them, should not be at ibis time an-

nounced ; but it may be stated lhat it has been made known to those gen-
tlemen who have had occasion to avail themselves of it.

I will add, in conclusion, a few remarks upon the actual position of
this invention as regards ihe public.

No one will deny lhat he who benefits the world should receive from
it an equivalent. The only question is, of wdiat nature shall the equi-
valent be? Shall it be voluntarily ceded by the world, or levied upon it ?
For various reasons, discoveries in high science have been usually rewarded
indirectly by fame, honor, position, and occasionally, in oilier countries, by
funds appropriated for the purpose. Discoveries in medical science, whose
domain approaches so nearly that of philanthropy, have been generally
ranked with them ; and many will assent with reluctance to the propriety
of restricting by letters patent the use of an agent capable of mitigating
human suffering. There are various reasons, however, which apologize
for the arrangement which I understand lo have been made with regard
to the application of the new agent.

1st. It is capable of abuse, and can readily be applied to nefarious
ends.

2nd. Its action is not yet thoroughly understood, and its use should l>e
restricted to responsible persons.

3d. One of its greatest fields is the mechanical art of dentistry, many
of whose processes are by convention, secret, or protected by patent
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rights. It is especially with reference to this art, that the patent has
been secured. We understand, already, that the proprietor has ceded its
use to the Mass. General Hospital, and that his intentions are extremely-
liberal with regard to the medical profession generally, and that so soon as

necessary arrangements can be made for publicity of the process, great
facilities will be offered to those who are disposed to avail themselves of
what now promises to be one of the important discoveries of the age.

THE FEVERS OF THE CHAMPLAIN VALLEY.

An Essay read before the Vermont Medical Society .at their Annual Meet-
ing, Montpelier, October 14th, 1S46.

By Charles Hall, M.D., Burlington, Vt.

(Voted, by the Society, that the Editor ol the Hosten Medical tnd Surgical Journal be requeued to
publish the salue.J

It being generally admitted that the fevers in the vicinity of marshy
low lands and stagnant waters, differ from those contiguous to bold shores
and rapid currents—that both grades differ from the fevers of billy re-

gions antl mountain ridges, and that the surrounding influences of each
of these localities tend to vary the character of the disorder, the fevers
of each are subjects of special inquiry and investigation. I have there-
fore selected, for my present theme, The Fevers oj Üie Champlain
Valley—fevers of my own vicinity.

" That marshy lands, in which an extensive surface of wet soil is ex-

posed to the action ol" the sun, are notoriously unhealthy," is evinced
only by their fevers possessing more largely ihe peculiar characteristics
of situation, than those of other localities. I will therefore inquire into
the unseen agency that engenders these peculiar traits of character—a
subject exceedingly difficult of solution, and consequently one of much
speculation.

It is contended, on the one hand, that the continued moisture sus-

pended in the atmosphere over swamps and marshes, hedged in as they
generally are with a dense growth of underwood, consequently not be-
ing influenced much by the action of the winds, predisposes to intermit-
tent and remittent fevers; partly by its occupying the space of a portion
of the air of respiration, in place thereof bathing the air cells of the
lungs with an unnatural share of humidity, thereby precluding oxygen
gas in like proportion—and partly by its contiguity to the skin, inter-
cepting insensible perspiration and the due radiation of animal heat from
this organ. This is inferred from the fact that the kind and degree of
fevers have abated in proportion as the forests have been removed, giving
freer scope to the currents of the atmosphere. On the other hand, it is
urged that though the " dew point" be swept away by the ingress of
the winds, the peculiarities of the fever have nevertheless continued.
Hence it is inferred that some kind of impalpable poison, emanating from
the earth by the action of the sun, termed malaria or miasmata, is the
predisposing cause of such peculiarities.
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