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Background

An increased volume of patients is associated with improved survival in numerous 
high-risk medical and surgical conditions. The relationship between the number of 
patients admitted (hospital volume) and outcome among patients with critical ill-
nesses is unknown.

Methods

We analyzed data from 20,241 nonsurgical patients receiving mechanical ventilation 
at 37 acute care hospitals in the Acute Physiology and Chronic Health Evaluation 
clinical information system from 2002 through 2003. Multivariate analyses were 
performed to adjust for the severity of illness and other differences in the case mix.

Results

An increase in hospital volume was associated with improved survival among pa-
tients receiving mechanical ventilation in the intensive care unit (ICU) and in the 
hospital. Admission to a hospital in the highest quartile according to volume (i.e., 
>400 patients receiving mechanical ventilation per year) was associated with a 37 
percent reduction in the adjusted odds of death in the ICU as compared with admis-
sion to hospitals in the lowest quartile (≤150 patients receiving mechanical ventila-
tion per year, P<0.001). In-hospital mortality was similarly reduced (adjusted odds 
ratio, 0.66; 95 percent confidence interval, 0.52 to 0.83; P<0.001). A typical patient 
in a hospital in a low-volume quartile would have an adjusted in-hospital mortality 
of 34.2 percent as compared with 25.5 percent in a hospital in a high-volume quar-
tile. Among survivors, there were no significant trends in the length of stay in the 
ICU or the hospital.

Conclusions

Mechanical ventilation of patients in a hospital with a high case volume is associated 
with reduced mortality. Further research is needed to determine the mechanism of 
the relationship between volume and outcome among patients with a critical illness.
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The association between the number 
of patients treated in a hospital (hospital 
volume) and patient outcome is well estab-

lished for numerous medical and surgical condi-
tions.1 This relationship has been extensively docu-
mented in the surgical literature, where higher 
patient volume is associated with improved sur-
vival in situations involving trauma care, cardiac 
surgery, ruptured aortic aneurysms, and several 
types of cancer surgery.2-6 Select medical condi-
tions, including acute myocardial infarction7 and 
the acquired immunodeficiency syndrome,8 are 
also thought to have outcomes related to the vol-
ume of patients seen. Reasons for the relationship 
between volume and outcome in health care are 
unknown but may stem from either increased pro-
vider experience or selective referral to providers 
with better outcomes.9

Acute respiratory failure, like other conditions 
with established volume–outcome relationships, 
is common and is associated with a high mor-
tality rate. It is estimated that more than 300,000 
patients receive mechanical ventilation in an in-
tensive care unit (ICU) in the United States each 
year; depending on the risk factor for respiratory 
failure, the in-hospital mortality can approach 50 
percent.10-12 Patients receiving mechanical venti-
lation also require a complex, well-organized, and 
technically sophisticated level of care. Conse-
quently, it is likely that a relationship between 
hospital volume and outcome exists for patients 
receiving mechanical ventilation. Previous studies 
addressing this issue did not show an association 
between volume and outcome for general patients 
in the ICU, but those studies did not focus on 
patients who were receiving mechanical venti-
lation and used data from 1991 through 1997, 
which may not reflect current practice.13,14

The purpose of the present study was to ex-
amine the relationship between hospital volume 
and outcome among patients receiving mechan-
ical ventilation in the ICU. We used data from the 
Acute Physiology and Chronic Health Evaluation 
(APACHE) clinical outcomes database to exam-
ine mortality rates and the length of the stay at 
hospitals that care for a high volume of patients 
receiving mechanical ventilation as compared 
with those that care for a low volume of such 
patients.

Me thods

Study design
We conducted a cohort study with the use of the 
APACHE clinical database, which prospectively 
collects information on patients in 104 ICUs at 
45 hospitals in the United States as part of its 
predictive capabilities. The APACHE database 
(Cerner) supplies data on risk-adjusted outcomes 
to participating hospitals for benchmarking pur-
poses. Local, trained clinical coordinators super-
vise data collection. The primary diagnosis at 
admission, age, location of the patient before 
admission to the ICU, length of hospital stay be-
fore admission, and ventilator status, as well as 
detailed clinical and physiological variables, are 
collected in the first 24 hours after admission to 
the ICU. A standardized three-phase training ses-
sion at each site ensures that data-collection tech-
niques and definitions of data elements are con-
sistent among the sites. The validity of clinical 
and laboratory values is checked with the use of 
specialized automated software that prevents in-
consistent or implausible values. To ensure reli-
ability in coding and data entry, each site under-
goes a central audit after the first 100 admissions. 
Subsequent audits of at least 4 percent of patients 
for purposes of reliability occur quarterly at the 
local level.

Patient selection

Detailed demographic and physiological vari-
ables were available for 122,498 patients admit-
ted to 104 ICUs at 45 hospitals for the calendar 
years 2002 and 2003. All patients receiving me-
chanical ventilation on admission to the ICU were 
included in this analysis. To avoid counting multi-
ple hospital outcomes for a single patient, only the 
first admission to an ICU for each patient was 
considered. To focus the analysis on care in the 
ICU, and because a relationship between hospital 
volume and outcome has already been established 
for many surgical procedures, patients receiving 
mechanical ventilation after a surgical procedure 
(as determined by the diagnosis at admission and 
coded by the admitting nurse) were excluded. We 
could not exclude patients whose primary diag-
nosis was nonsurgical but who may have under-
gone a surgical procedure during their stay in the 
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ICU. In addition, 21 ICUs at 12 of the hospitals 
did not collect or submit data to the APACHE 
database and are not represented in this cohort. 
Outlier hospitals at the extremes of annualized 
hospital volume (i.e., <50 or >1000 patients receiv-
ing mechanical ventilation per year, selected by 
examining a histogram of the volume distribu-
tion) were excluded so that they could not overly 
influence the results.

Variables and risk adjustment

The exposure variable was annualized hospital 
volume, defined as the mean number of patients 
receiving mechanical ventilation per year during 
the two-year study period. Hospital volume, rather 
than ICU volume, was chosen as the exposure, 
since staff and technology are shared among ICUs 
within a hospital; since the policy implications of 
the relationship between volume and outcome in-
clude selective referral to hospitals, rather than 
to specific ICUs within a hospital; and since ICU 
volume is collinear with other variables used to 
adjust for differences in case mix (e.g., type of 
ICU) and cannot be included in the same risk-
adjustment model. The primary outcome variables 
were ICU and hospital mortality. Patients who 
were transferred directly from the ICU to other 
institutions (2.7 percent of total) were classified 
as alive at discharge. The lengths of stay in the 
ICU and the hospital among survivors were ex-
amined as secondary outcomes. The association 
between hospital volume and outcome was exam-
ined with volume as a continuous variable, in 
which the reference category is the lowest-volume 
hospital, and after categorizing volume into quar-
tiles, in which the reference category is the lowest-
volume quartile.

We addressed potential confounding due to 
variation in the case mix by controlling for the 
severity of illness and additional variables related 
to the outcome of critical care. The severity of 
illness was determined according to the APACHE 
III score (range, 0 to 299, with higher scores 
indicating a greater severity of illness and risk of 
death) on the day of admission. APACHE III is a 
validated summary score that assigns weighted 
points for the patient’s age, coexisting medical 
conditions, and physiological derangements such 
as in vital signs, serum chemical values, arterial 

blood gas values, and the Glasgow Coma Score.15 
The list of the variables that contribute to the 
APACHE III score and their weights is available 
elsewhere.16

Other risk-adjustment variables included the 
length of the hospital stay before admission to 
the ICU, primary diagnosis at admission as as-
sessed by the admitting nurse, the preadmission 
location of the patient, the academic status of 
the hospital, the type of ICU, the geographic 
region of the hospital, and the presence or ab-
sence of intensivists in the ICU.17-20 All variables 
were assessed as part of data collection at the 
point of care, except for the presence or absence 
of intensivists, which was assessed by a second-
ary survey from all the ICUs except those exclud-
ed from the study as outliers. On the basis of this 
survey, each ICU was classified into one of the 
following four staffing models according to pre-
vious definitions: no intensivist available, option-
al intensivist consult, mandatory intensivist con-
sult, or primary transfer of care to the intensivist 

7 Outlier low-volume hospitals,
99 patients

1 Outlier high-volume hospital,
2497 patients

48,555 Patients receiving mechanical
ventilation on admission to 45 hospitals

22,837 Patients receiving mechanical
ventilation on admission to 45 hospitals

20,241 Patients receiving mechanical
ventilation on admission to 37 hospitals

25,718 Underwent surgical
procedures

12,588 Underwent cardiac
surgery

1,065 Underwent vascular
surgery

1,658 Underwent neurosurgery
4,039 Underwent trauma
1,877 Underwent other elective

surgery
4,491 Underwent other urgent

surgery

Figure 1. Flowchart of Patients and Hospitals in the Study.
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Table 1. Characteristics of Hospitals and Patients According to Quartile of Institutional Volume.*

Characteristic
Quartile 1

(87–150 patients/yr)
Quartile 2

(151–275 patients/yr)
Quartile 3

(276–400 patients/yr)
Quartile 4

(401–617 patients/yr)   P Value

Hospitals

Total no. 10 9 9 9

Teaching status (no. of hospitals) <0.001

Academic† 3 1 1 4

Community with house staff 2 3 5 3

Community 5 5 3 2

Region (no. of hospitals) <0.001

Southeast 5 4 2 4

Northeast 0 1 0 1

Midwest 3 1 3 1

West 2 3 4 2

No. of hospital beds 0.04

Median 338 350 325 600

Interquartile range 250–450 218–500 288–500 513–800

No. of APACHE ICUs/hospital <0.01

Median 1 1 3 3

Interquartile range 1–4 1–2 1–5 2–6

Non-APACHE ICU beds (%) 11 14 16 5 0.74

Patients

Total no. 2221 3668 5830 8522

Age (yr) 62±17 64±17 64±16 63±17 <0.001

Female sex (%) 48 51 48 49 0.05

APACHE III score 68±31 70±32 74±33 78±34 <0.001

Race or ethnic group (%)‡ <0.001

White 67 69 74 65

Black 23 22 11 13

Asian 1 3 2 2

Hispanic 2 2 3 6

Other 7 4 10 14

Transferred from outside hospital (%) 6 9 16 16 <0.001

Discharged from ICU to outside 
hospital (%)

4 3 4 2 <0.01

Type of ICU (%) <0.001

Multidisciplinary 72 76 44 30

Medical 7 8 13 35

Surgical 1 3 6 17

Coronary care 13 11 31 9

Neurologic 6 2 3 6

Cardiothoracic surgery <1 <1 3 3
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(i.e., “closed” ICU).21 For the analysis, we cate-
gorized the staffing as low intensity (no intensiv-
ist or optional consult) or high intensity (manda-
tory consult or transfer of care).19

statistical Analysis

Bivariate analysis comparing demographic char-
acteristics across the quartiles of hospital volume 
was performed with analysis of variance for con-
tinuous variables and the chi-square test for cat-
egorical variables. Multivariate modeling was per-
formed with logistic regression for mortality and 

linear regression for length of hospital stay, after 
adjusting for covariates specified a priori as po-
tential confounders of the relationship between 
hospital volume and outcome.

For the assessment of volume as a continuous 
variable, we used the fractional polynomial meth-
od, an iterative estimation process that determines 
the best-fitting polynomial-regression function.22 
This method makes no underlying assumptions 
about the relationship between hospital volume 
and outcome and thereby averts the potential bias 
involved in prespecifying the functional form. 

Table 1. (Continued.)

Characteristic
Quartile 1

(87–150 patients/yr)
Quartile 2

(151–275 patients/yr)
Quartile 3

(276–400 patients/yr)
Quartile 4

(401–617 patients/yr)   P Value

Diagnostic category (%) <0.001

Pneumonia 10 8 8 9

Congestive heart failure 10 11 11 8

Neurologic disease 10 8 11 11

Sepsis 9 11 13 13

Chronic obstructive pulmonary 
disease

9 9 7 7

Post–cardiac arrest 6 8 9 9

Drug overdose 4 5 5 3

Gastrointestinal bleeding 2 2 2 3

Oncologic disease 2 1 1 1

Acute coronary syndrome 2 2 2 3

Arrhythmia 1 1 1 1

Other respiratory disease 25 25 20 22

Other medical disease 8 7 7 7

Other gastrointestinal disease 2 2 3 3

Other cardiac disease 1 1 1 1

Intensivist physician staffing (%) <0.001

Low-intensity care model 31 41 30 49

High-intensity care model 69 59 70 51

Length of mechanical ventilation 
(days)

3.1±4.6 3.0±4.3 3.6±4.4 4.5±5.7 <0.001

Length of stay in ICU (days) 6.2±6.9 5.9±6.6 5.5±6.0 6.7±6.9 <0.001

Length of hospital stay (days) 12.5±12.2 13.3±12.8 12.1±11.8 14.7±13.4 <0.001

Mortality in ICU (%) 25 22 23 27 <0.001

In-hospital mortality (%) 33 32 33 37 <0.001

* Plus–minus values are means ±SD. Percentages may not sum to 100 because of rounding.
† Academic hospitals were those belonging to the Council of Teaching Hospitals of the Association of American Medical Colleges.
‡ Race or ethnic group was determined according to the admission, discharge, and transfer system at each hospital or by the admitting nurse.
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Generalized estimating equations with robust 
variance estimators were used to account for in-
hospital clustering.23 To illustrate the absolute 
magnitude of the effect of volume on mortality, 
we performed conditional standardization of the 
regression results for a patient with median and 
modal values for the covariates in the model. We 
assessed the sensitivity of our findings by repeat-
ing the primary analysis under varying assump-
tions about the study population in a sensitivity 
analysis for mortality in the ICU.

Statistical analyses were performed with Stata 
software, version 9.1. All aspects of this work were 
approved by the human subjects review committee 
at the University of Washington.

R esult s

A total of 48,555 patients received mechanical 
ventilation on admission to study hospitals in 
2002 and 2003. A flowchart of patient entry into 
the study is shown in Figure 1. The final analysis 
included 20,241 patients receiving mechanical 
ventilation at 37 medical centers. Annualized hos-
pital volume ranged from 87 to 617 such patients 
per year. The median was 274 patients per year 
(interquartile range, 150 to 391).

Characteristics of the hospitals and patients 
are shown in Table 1. Admitting hospitals were 
diverse in academic status, geographic region, and 
number of ICUs. As compared with hospitals with 
low volume, hospitals with high volume were more 
likely to have house staff in the ICU, tended to 
have a larger number of ICUs per hospital, and 
had more hospital beds. Characteristics of the 
hospitals were similar to those in a previous sur-
vey of the organization of ICUs in the United 
States, although smaller hospitals were underrep-
resented in the present study.24 There were a small 
number of nonparticipating ICUs, which did not 
vary significantly across quartiles of volume. The 
severity of illness was greater at high-volume than 
at low-volume hospitals; the mean APACHE III 
score steadily increased with each quartile of hos-
pital volume. Patients at high-volume centers were 
also more likely to have been transferred from 
another hospital, suggesting that high-volume 
hospitals were referral centers. Patients received 
care in a variety of types of ICUs; patients at low-
volume centers were more likely to be admitted 
to a multidisciplinary ICU, whereas those at high-
volume centers were more likely to be cared for 
in specialty ICUs.

After adjustment for the severity of illness, 
the location of the patient before admission to the 
ICU, type of ICU, geographic region, preadmis-
sion length of stay, academic status of the hospi-
tal, diagnosis at admission, and the presence or 
absense of intensivists in the ICU, an increase in 
hospital volume was associated with a significant 
reduction in mortality in the ICU and the hospi-
tal. Figure 2 shows the effect of hospital volume 
when examined as a continuous variable in a 
multivariate model. Improvement in survival is 
seen throughout the distribution, as volume in-
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Figure 2. Relationship between Hospital Volume and Mortality in the ICU 
(Panel A) and in the Hospital (Panel B).

Hospital volume is defined as the number of patients admitted per year. 
The adjusted odds of death are presented relative to the lowest-volume 
 institution. Dashed lines represent the 95 percent confidence intervals for 
the estimated odds ratios. The markers indicating the specific hospital vol-
ume for the 37 hospitals were used to estimate the curves.
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creases from the lowest value of 87 patients per 
year to the highest value of 617 patients per year.

An examination of hospital volume after cate-
gorization into quartiles showed a similar reduc-
tion in mortality in both the ICU and the hospi-
tal (Table 2). As compared with patients in the 
lowest quartile (quartile 1) of hospital volume, 
patients in quartiles 2, 3, and 4 had a reduction 
in the adjusted odds of death in the ICU of 25 
percent (P = 0.01), 33 percent (P = 0.01), and 37 
percent (P<0.001), respectively. Adjusted hospital 
mortality was also reduced across quartiles of 
volume, with admission to hospitals in the high-
est quartile associated with a 34 percent reduc-
tion in the adjusted odds of death as compared 
with the lowest quartile (odds ratio, 0.66; 95 per-
cent confidence interval, 0.52 to 0.83; P<0.001). 
According to conditional standardization, the ab-
solute risk of death in the hospital for a selected 
typical patient was 34.2 percent in the lowest-
volume quartile and 25.5 percent in the highest-
volume quartile.

Among survivors, there was no clear associa-
tion between hospital volume and the length of 

stay in either the ICU or the hospital. As com-
pared with the lowest quartile of hospital vol-
ume, higher volume was associated with a slight-
ly shorter length of stay in the ICU in quartiles 
2, 3, and 4 (mean difference, −0.7 day, −1.1 days, 
and −0.4 day, respectively). However, this differ-
ence was significant only for quartile 3 (P<0.01). 
Similar relationships were seen for the length of 
hospital stay, although no differences were sig-
nificant.

To explore the sensitivity of our findings, we 
repeated the analysis with varying assumptions 
about the patient population (Table 3). Our re-
sults were not affected by the inclusion of outlier 
hospitals or the exclusion of patients with cardiac 
conditions, transfer patients, or 10 additional hos-
pitals with ICU beds not covered by the APACHE 
system.

Discussion

These data demonstrate an association between 
an increase in hospital volume and a lower risk-
adjusted mortality among patients requiring me-

Table 2. Association between Hospital Volume and Risk-Adjusted Mortality.*

Variable Quartile 1 Quartile 2 Quartile 3 Quartile 4

No. of hospitals 10 9 9 9

No. of patients/yr 87–150 151–275 276–400 401–617

Odds ratio (95% CI)

Mortality†

ICU 1.0 0.75 (0.60–0.94)‡ 0.67 (0.49–0.91)‡ 0.63 (0.50–0.79)§

Hospital 1.0 0.86 (0.69–1.07)¶ 0.72 (0.53–0.99)∥ 0.66 (0.52–0.83)§

Adjusted percent (95% CI)

Mortality**

ICU 21.2 (16.9–26.3) 16.8 (13.1–21.2) 15.3 (11.2–20.1) 14.5 (11.6–18.0)

Hospital 34.2 (29.4–39.3) 30.8 (26.1–35.9) 27.3 (22.0–33.3) 25.5 (21.8–29.5)

* Models were adjusted for age, APACHE III score, chronic coexisting health conditions, preadmission length of stay, geographic region, 
teaching status, preadmission location of the patient, diagnosis, type of ICU, and staffing of intensivists. Confidence intervals (CI) and 
P values take into account clustering according to center. 

† Mortality rates were compared across quartiles of patient volume according to adjusted odds ratios (with 95 percent confidence intervals); 
the lowest quartile of hospital volume served as the reference group.

‡ P = 0.01.
§ P<0.001.
¶ P = 0.17.
∥ P = 0.04.
** The absolute magnitude of the effect of hospital volume on mortality was calculated with the use of conditional standardization of the re-

gression results. Adjusted conditional mortality (with 95 percent confidence intervals) shows the predicted risk of death for a patient at ap-
proximately the 50th percentile of risk in each quartile of volume — in this case a 60-year-old patient with pneumonia and an APACHE III 
score of 70 who was admitted from the emergency department to a multidisciplinary ICU in a community hospital with high intensivist 
staffing in the southern region of the United States.
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Table 3. Sensitivity Analysis for Mortality Rates in the ICU.*

Model No. of Patients No. of Hospitals Odds Ratio (95% CI)

Base model 20,241 37 0.63 (0.50–0.79)

Including outlier hospitals† 22,836 45 0.62 (0.51–0.75)

Excluding patients with acute coronary syndromes‡ 19,720 37 0.62 (0.49–0.78)

Excluding patients with any cardiac diagnosis§ 17,558 37 0.63 (0.49–0.79)

Excluding patients in surgical ICUs¶ 17,841 37 0.66 (0.53–0.82)

Excluding patients transferred from outside hospitals 17,462 37 0.64 (0.50–0.82)

Excluding patients transferred from the ICU to other hospitals 19,689 37 0.62 (0.49–0.78)

Excluding hospitals with less than complete APACHE coverage∥ 15,031 27 0.63 (0.49–0.81)

* Odds ratios and 95 percent confidence intervals (CIs) are presented comparing the highest quartile of hospital volume (401 to 617 patients per 
year) with the lowest quartile of hospital volume (87 to 150 patients per year). Models were adjusted for age, APACHE III score, chronic coexist-
ing health conditions, preadmission length of stay, geographic region, teaching status of the hospital, preadmission location of the patient, diag-
nosis, type of ICU, and staffing of intensivists. The model that includes hospitals that were outliers in terms of volume (22,836 patients) does 
not include intensivist staffing, since the outlier hospitals were not surveyed. Confidence intervals take into account clustering according to center.

† Hospitals that were outliers in terms of volume were seven hospitals that were excluded because their annualized volume was less than 50 
 patients per year (99 patients) and one hospital that was excluded because its annualized volume was greater than 1000 patients per year 
(2497 patients).

‡ This model excludes patients who had a primary diagnosis at admission of acute myocardial infarction or unstable angina.
§ This model excludes patients who had a primary diagnosis at admission of acute myocardial infarction, unstable angina, congestive heart 

 failure, cardiogenic shock, or pericardial-related syndromes.
¶ This model excludes patients who were admitted to a surgical ICU regardless of diagnosis.
∥ This model excludes 10 hospitals at which not all ICU beds were covered by APACHE.

chanical ventilation. The effect was seen after 
controlling for relevant confounders and after a 
sensitivity analysis in which a variety of patient 
populations and modeling assumptions were test-
ed. Extrapolating from available estimates, at least 
95,000 patients per year with respiratory failure 
receive mechanical ventilation at U.S. hospitals in 
the lowest two quartiles according to volume.10

There are many possible causes of a relation-
ship between hospital volume and outcome among 
patients receiving critical care. High-volume hos-
pitals may improve outcomes by implementing a 
broad range of best practices, including higher 
nurse-to-patient ratios, multidisciplinary care 
teams, a ventilation strategy involving a low tidal 
volume for lung injury and protocols for sedation, 
weaning, and glycemic control.25-30 Clinicians at 
high-volume hospitals may also gain experience 
in the care of the critically ill, which could trans-
late into improved rates of survival. More expe-
rienced as opposed to less experienced clinicians 
may be better at recognizing and treating the 
complications of critical illness or may be better 
at translating evidence into practice. 

The relationship between hospital volume and 
outcome that we observed was independent of 
academic status and staffing by trained intensiv-

ists. Multiple observational studies have shown 
that the presence of a trained intensivist is associ-
ated with a reduced rate of death in the ICU.19 
As a consequence, some groups advocate the use 
of the staffing of intensivists as a measure of hos-
pital quality.31 Our findings suggest that hospital 
volume is another important determinant of out-
come among critically ill patients requiring me-
chanical ventilation.

More information is needed about the struc-
ture, process, and organization of care within 
high- and low-volume centers to identify the best 
way to improve outcomes. If the relationship be-
tween volume and outcome is determined by fac-
tors that are exportable, such as protocols or 
multidisciplinary care models, then low-volume 
centers might achieve the same outcome as high-
volume centers by adopting these practices.32 An 
alternative strategy, used in trauma and neonatal 
care, would involve regionalization of care for 
patients requiring mechanical ventilation.33-35 Al-
though our data provide support for a regional-
ized approach to providing critical care, the over-
all effect of such a strategy on patient outcome 
is unknown.

Like all studies that demonstrate an associa-
tion between volume and outcome, our analysis 
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cannot determine the direction of the associa-
tion.9 Instead of higher-volume hospitals’ provid-
ing better outcomes, higher-quality hospitals might 
attract more patients on the basis of superior 
care. High-performing hospitals, however, have 
not reliably shown an increase in market share 
when performance data are publicly reported.36

Our results differ from those of two previous 
studies that did not show an association be-
tween volume and outcome among critically ill 
patients.13,14 Unlike those studies, we limited 
our analysis to patients who were receiving me-
chanical ventilation. Many patients are in the ICU 
for observation purposes only, especially those 
not requiring mechanical ventilation or other in-
terventions. An association between hospital vol-
ume and outcome would be unlikely in a popula-
tion of patients who are at low risk for death and 
who do not receive active intervention in the ICU. 
The previous studies evaluated patient populations 
with a lower mortality rate and severity of illness 
than our cohort. In addition, the previous stud-
ies used data from 1991 through 1997, which may 
not reflect current practice in the ICU.

Limitations of our study include potential 
biases due to selection, referral, and coding. Study 
hospitals were not a random sample of all hos-
pitals in the United States. They participated in 
the APACHE system to receive regular informa-
tion about risk-adjusted outcomes for bench-
marking and quality control. Small hospitals were 
underrepresented, and all the participating hos-
pitals had access to intensivists.

The fact that we observed a volume–outcome 
relationship in this cohort suggests that the effect 
of hospital volume on the rate of survival might 
be even greater if smaller hospitals with worse 
outcomes were included. It is also possible that 
the association was driven by a small number of 
low-volume hospitals with poor outcomes. This 
is unlikely, however, for the following reasons: 
the smallest hospitals were excluded from the 
analysis; a significant association was seen across 
the quartiles, which grouped together the 10 cen-
ters with the lowest volume; and a dose–response 
relationship was observed across the ranges of 
volume.

Patient-referral practices could influence the 
results of this study. In this cohort, high-volume 

hospitals were both more likely to receive patients 
who were transferred from another hospital and 
less likely to transfer patients from their ICUs 
than were other hospitals. Because patients trans-
ferred to ICUs have a higher rate of death than 
predicted on the basis of severity-of-illness mea-
sures, and because patients transferred from ICUs 
do not all survive, the referral bias of this study 
would tend to make high-volume hospitals seem 
to have worse risk-adjusted mortality.20 There-
fore, the direction of the referral bias of this study 
strengthens the observed association of lower 
risk-adjusted rates of death with higher hospital 
volume.

The improved risk-adjusted outcomes at high-
volume hospitals may simply reflect more accu-
rate coding or even “up-coding” of the severity of 
illness (i.e., designating an illness as more severe 
than it is) at these centers.37 Outcomes at APACHE 
sites, however, are not publicly reported, reduc-
ing the incentive to up-code the severity of illness. 
The extensive procedures for training, standard-
ized data entry, and quality control at APACHE 
sites further reduce the likelihood that differ-
ences in coding affected our risk adjustment or 
the results.

For nonsurgical patients with acute respira-
tory failure who are receiving mechanical venti-
lation, care at high-volume hospitals is associ-
ated with improved survival in the ICU and in the 
hospital. This finding was independent of the 
academic status of the hospital or the presence 
or absence of intensivists in the ICU. Our results 
suggest that clinician experience or specific pro-
cesses of care common to high-volume centers 
may be associated with the outcome among pa-
tients requiring mechanical ventilation. Addition-
al research is needed to determine these care 
processes and assess the ability to export them 
to low-volume centers, as well as to investigate the 
feasibility of regionalizing care in the ICU for 
select high-risk patients.
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