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Hospital Volume and Outcomes of Mechanical Ventilation
To the Editor: In the article by Kahn et al. (July 
6 issue),1 the number of patients receiving me-
chanical ventilation per hospital bed was about 
0.7 per year in hospitals in the lowest quartile of 
hospital volume (≥150 patients per year), as com-
pared with 1.6 per year in hospitals in the high-
est quartile of volume (>400 patients per year). 
The decision to initiate mechanical ventilation 
in a given patient rests on the course of the dis-
ease, the quality of nursing, and the availability 
of ventilators. Thus, among patients with iden-
tical Acute Physiology and Chronic Health Eval-
uation (APACHE) scores, the proportion admitted 
to an intensive care unit (ICU) may vary among 
hospitals. In equally good units, the number of 
deaths will be the same, given a low threshold and 
good clinical judgment. However, mortality will 
fall as the number of patients who undergo me-
chanical ventilation rises, as suggested by Fig-
ure 2 in the article.
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To the Editor: The article by Kahn et al. can be 
used to illustrate a few additional points relevant 
to policy. First, on the basis of crude estimates 
(Table 1, next page), the 356 total or 25 annual 
deaths avoided in the ICU owing to the use of 
regionalization policies1 (in which patients are 
transported to the highest-volume hospitals) are 
less than the 501 total and 36 annual deaths pre-
vented by a 10% improvement in outcomes across 
all hospitals. The same applies to in-hospital mor-
tality. To attain across-the-board improvement in 
outcomes, we need to figure out how to optimize 
recent advances in mechanical ventilation.2 Sec-
ond, although regionalization may benefit pa-
tients undergoing some procedures,3 it is not yet 
clear how regionalization could be made more 
cost-effective. Third, the policies based on volume–
outcome relationships must involve strong causal 
assumptions.4 One causal assumption is that what-
ever it is about high-volume hospitals that makes 
them have better outcomes must always be pre-
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The Authors Reply: Hughes-Davies suggests 
that the lower mortality rate observed at high-
volume hospitals may be due to variation in the 
use of mechanical ventilation, with higher-vol-
ume hospitals using ventilation in a broader group 
of patients who may be less likely to die. Our data 
show that the reverse is true: the APACHE III 
score and unadjusted mortality rate were higher 
in the hospitals in the higher quartiles accord-
ing to volume. In addition, our multivariate model 
controlled for APACHE score. Thus, the odds ra-
tios for mortality can be interpreted as the rela-
tive odds of death for patients with equally severe 
illness, regardless of how many such patients are 
in each quartile.

Arah succinctly summarizes our results and 
notes some of the important policy implications 
of our study. Although these data support the need 
for an investigation of regionalization of critical 
care, it is unknown how regionalization will ulti-
mately affect patient outcomes. Regional care 
centers may not be able to maintain high-quality 
care practices if faced with even greater numbers 
of patients, and the act of transferring patients 
to high-volume hospitals may itself cause harm. 
As we noted in our Discussion, the improvement 
of the quality of care at all hospitals is the best 
approach to reducing critical care mortality.

Research on knowledge transfer, the science 
of implementing effective practice, is in its in-
fancy in critical care. An important part of this 
research agenda is the identification of the pro-
cesses of care at high-volume hospitals that ac-
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Table 1. Deaths Potentially Avoided Owing to the Regionalization of Mechanical Ventilation.*

Characteristic Quartile of Hospital Volume

Total No. 
of Potentially 

Avoidable Deaths 
during Study Period 
(Maximum No./Yr)

1 2 3 4

No. of hospitals 10 9 9 9

Maximum no. of patients/yr 150 275 400 617

Total no. of patients 2221 (A) 3668 (F) 5830 (K) 8522 (P)

Mortality rate in ICU (%) 25 (B) 22 (G) 23 (L) 27 (Q)

In-hospital mortality rate (%) 33 (C) 32 (H) 33 (M) 37 (R)

Odds ratio for death

ICU 1.00 (D) 0.75 (I) 0.67 (N) 0.63 (S)

Hospital 1.00 (E) 0.86 (J) 0.72 (O) 0.66 (T)

ICU deaths avoided

By moving patients in quartile-1 hospitals to quartile-4 hospitals 205 (14)†

By moving patients in quartile-2 hospitals to quartile-4 hospitals 97 (7)‡

By moving patients in quartile-3 hospitals to quartile-4 hospitals 54 (4)§

Total 356 (25)

Total no. of potentially avoida ble 
deaths owing to 10% reduc-
tion in mortality (maximum 
no./yr)

56 (4)¶ 81 (6)∥ 134 (9)** 230 (17)†† 501 (36 )

In-hospital deaths avoided

By moving patients in quartile-1 hospitals to quartile-4 hospitals 249 (17)‡‡

By moving patients in quartile-2 hospitals to quartile-4 hospitals 235 (18)§§

By moving patients in quartile-3 hospitals to quartile-4 hospitals 115 (8)¶¶

Total 599 (43)

Total no. of potentially avoida ble 
deaths owing to 10% reduc-
tion in mortality (maximum 
no./yr)

73 (5)∥∥ 117 (9)*** 192 (13)††† 315 (23)‡‡‡ 697 (50)

* The values used in the equations for calculating the numbers of potentially avoidable deaths are labeled with the 
letters A through T in parentheses; these letter labels are used in the equations. 

† The value was calculated according to this equation: A × B × (D – S) ÷ 100.
‡ The value was calculated according to this equation: F × G × (I – S) ÷ 100.
§ The value was calculated according to this equation: K × L × (N – S) ÷ 100.
¶ The value was calculated according to this equation: 0.10 × A × B ÷ 100.
∥ The value was calculated according to this equation: 0.10 × F × G ÷ 100.
** The value was calculated according to this equation: 0.10 × K × L ÷ 100.
†† The value was calculated according to this equation: 0.10 × P × Q ÷ 100.
‡‡ The value was calculated according to this equation: A × C × (E – T) ÷ 100.
§§ The value was calculated according to this equation: F × H × (J – T) ÷ 100.
¶¶ The value was calculated according to this equation: K × M × (O – T) ÷ 100.
∥∥ The value was calculated according to this equation: 0.10 × A × C ÷ 100.
*** The value was calculated according to this equation: 0.10 × F × H ÷ 100.
††† The value was calculated according to this equation: 0.10 × K × M ÷ 100.
‡‡‡ The value was calculated according to this equation: 0.10 × P × R ÷ 100.

Copyright © 2006 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org at UNIVERSITEIT VAN AMSTERDAM on December 22, 2006 . 



correspondence

n engl j med 355;15 www.nejm.org october 12, 2006 1619

count for improved performance. These processes 
might include the implementation of protocolized 
weaning and lung-protective ventilation, optimal 
staffing ratios for nurses and respiratory thera-
pists, and a culture of collaboration between rep-
resentative disciplines in the ICU, among others. 
Regionalization is just one, and perhaps not the 
most efficient, method to ensure that every pa-

tient requiring mechanical ventilation has access 
to the best available care.

Jeremy M. Kahn, M.D.
Gordon D. Rubenfeld, M.D.
University of Washington
Seattle, WA 98104
nodrog@u.washington.edu

Intensive Care of Patients with HIV Infection

To the Editor: Huang et al. (July 13 issue)1 sug-
gest several factors to consider before the initia-
tion of antiretroviral therapy in critically ill pa-
tients with HIV infection, but they do not discuss 
the implications of such therapy regarding ad-
herence issues. Although adherence approaches 
100% during hospitalization, a subgroup of pa-
tients will not take their medications after dis-
charge. Factors associated with decreased adher-
ence (substance abuse, depression, a lack of social 
support, and a lack of insurance coverage to pay 
for medications) should be addressed before an-
tiretroviral therapy is begun.2 It is extraordinari-
ly difficult to try to resolve these issues during 
hospitalization for a critical illness. Patients who 
are critically ill are usually unable to express com-
mitment and readiness to begin antiretroviral 
therapy, which leads to suboptimal adherence. 
Many patients are unable to assimilate the infor-
mation provided during adherence counseling. 
Without convincing data that antiretroviral ther-
apy has beneficial effects in the setting of critical 
illness, we should apply the same guidelines re-
garding adherence that are used in the clinic. 
This approach should reduce both the risk of 
treatment failure and selection for drug-resistant 
viruses.
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To the Editor: In reviewing the treatment of 
patients with HIV infection in the intensive care 
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unit (ICU), it is important to mention adrenal in-
sufficiency as an important condition that can 
easily be overlooked. The adrenal gland is the en-
docrine organ that is most commonly involved in 
patients with HIV infection.1 Adrenal insufficiency 
is common in critically ill patients with HIV in-
fection2 and is associated with increased mortal-
ity if the condition is not properly recognized and 
treated.3 Careful clinical evaluation and labora-
tory assessment of adrenal function should be 
considered in the intensive care of patients with 
HIV infection.
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The authors reply: In critically ill patients with 
HIV infection, both the principal goal and the 
urgency of initiating antiretroviral therapy differ 
from those in outpatients. In outpatients, the pri-
mary goals of antiretroviral therapy are to reduce 
HIV-related morbidity and mortality, improve the 
quality of life, restore and improve immunologic 
function, and maximally and durably suppress 
the viral load.1 In an asymptomatic patient with 
preserved immune function, the initiation of an-
tiretroviral therapy can be deferred for weeks, 
months, and occasionally years until the patient 
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