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BACKGROUND: Patient Safety Indicator (PSI) 11, or postoperative respiratory failure, was developed by the US
Agency for Healthcare Research and Quality to detect incident cases of respiratory failure after
elective operations through use of ICD-9-CM diagnosis and procedure codes. We sought to
determine the positive predictive value (PPV) of this indicator.

STUDY DESIGN: We conducted a retrospective cross-sectional study, sampling consecutive cases that met PSI 11
criteria from 18 geographically diverse academic medical centers on or before June 30, 2007.
Trained abstractors from each center reviewed medical records using a standard instrument. We
assessed the PPV of the indicator (with 95% CI adjusted for clustering within centers) and
conducted descriptive analyses of the cases.

RESULTS: Of 609 cases that met PSI 11 criteria, 551 (90.5%; 95% CI, 86.5–94.4%) satisfied the technical
criteria of the indicator and 507 (83.2%; 95% CI, 77.2–89.3%) represented true cases of postop-
erative respiratory failure from a clinical standpoint. The most frequent reasons for being falsely
positive were nonelective hospitalization, prolonged intubation for airway protection, and insuffi-
cient evidence to support a diagnosis of acute respiratory failure. Fifty percent of true-positive cases
involved substantial baseline comorbidities, and 23% resulted in death.

CONCLUSIONS: Although PSI 11 predicts true postoperative respiratory failure with relatively high frequency,
the indicator does not limit detection to preventable cases. The PPV of PSI 11 might be
increased by excluding cases with a principal diagnosis suggestive of a nonelective hospitaliza-
tion and those with head or neck procedures. Removing the diagnosis code criterion from the
indicator might also increase PPV, but would decrease the number of true positive cases detected
by 20%. (J Am Coll Surg 2010;211:347–354. © 2010 by the American College of Surgeons)

Respiratory failure—frequently defined by the need for
intubation or prolonged mechanical ventilation—is a rela-
tively common postoperative complication, affecting an
estimated 0.8% to 1.2% of all patients undergoing elective
nonthoracic surgical procedures.1,2 Postoperative respira-
tory failure (PRF) has become a focus of several organiza-
tions that measure quality of care3 because it is associated
with increased use of resources (hospitalization costs4 and
length of stay) and a 7-fold increase in mortality.5

There are currently 2 main strategies to retrospectively
detect cases of PRF: detailed review of medical records (eg,
the American College of Surgeons’ National Surgical Qual-
ity Improvement Program [NSQIP]6) and application of
an algorithm to routinely collected administrative data (eg,
Patient Safety Indicator [PSI] 11 (Postoperative Respira-
tory Failure) of the Agency for Healthcare Research and
Quality7). Both strategies show that PRF is associated with
excess inpatient mortality (21% to 34%), hospital stay (4.5
to 9.1 days), and hospital costs ($9,641 to $53,502) relative
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to carefully matched control patients without PRF.8-10 Al-
though NSQIP-based detection of PRF is reliable, it is
resource-intensive and only encompasses a subset of at-risk
patients at participating hospitals. PSI 11 offers an effi-
cient, comprehensive alternative, but it can be constrained
by available diagnosis and procedure codes and the limited
accuracy of documentation and coding.

Early reports of the accuracy, or criterion validity, of PSI
11 suggest that the indicator holds promise. A forerunner
of PSI 11, with a somewhat broader definition, demon-
strated a positive predictive value (PPV) of 72% to 75% in
Medicare claims data.11,12 Also, �7% of PSI 11 cases were
reported to be present on admission (ie, before an opera-
tion),13,14 a common weakness of other PSIs. Although the
Agency for Healthcare Research and Quality and NSQIP
definitions of PRF differ slightly, PSI 11 had a sensitivity of
63% and PPV of 68% in a previous study that linked
administrative and NSQIP data (with NSQIP-defined
PRF considered the standard).15

As part of the University HealthSystem Consortium
(UHC) PRF Benchmarking Project, we set out to describe
the PPV of PSI 11 and to assess whether it is sufficiently
predictive of true cases to warrant use as a tool to monitor
quality. We also sought a better understanding of the types
of events this indicator detects and whether cases might
have been preventable.

METHODS
Our analysis of deidentified patient-level information was
approved by the Institutional Review Board at the Univer-
sity of California, Davis.

Study design
We conducted a retrospective cross-sectional study of hos-
pitalization records that met criteria for PSI 11. The de-
nominator for this indicator includes all hospitalizations of
adults aged 18 years or older with an “elective” admission
type involving a surgical diagnosis related group and an
ICD-9-CM procedure code for a “major operating room
procedure,” as defined by the Center for Medicare and
Medicaid Services.7 Excluded from consideration are pa-
tients with a principal diagnosis of acute respiratory failure

(or a secondary such diagnosis present on admission); a
diagnosis of a neuromuscular disorder; tracheostomy as the
only procedure or occurring before the first operating room
procedure; or a principal diagnosis involving major diag-
nostic category (MDC) 4 (ie, diseases/disorders of respira-
tory system), 5 (ie, diseases/disorders of circulatory sys-
tem), or 14 (ie, pregnancy, childbirth, and puerperium).

Among hospitalizations meeting the denominator crite-
ria, PRF is defined as a diagnosis of “acute respiratory fail-
ure” (518.81) or “acute and chronic respiratory failure”
(518.84); or “insertion of endotracheal tube” (96.04) 1 or
more days after the earliest “major operating room proce-
dure”; continuous mechanical ventilation “of unspecified
duration” (96.70) or “for less than 96 consecutive hours”
(96.71) starting 2 or more days after the earliest procedure;
or “continuous mechanical ventilation for 96 consecutive
hours or more” (96.72) 0 or more days after the earliest
procedure.

Study population
The UHC PRF Benchmarking Project involved 18 aca-
demic medical centers from 15 states. Participation was
voluntary and without compensation; no hospitals that
volunteered were denied participation. The rate of PRF (ie,
PSI 11) in 2007 was 14.7/1,000 (range 2.3 to 29.2/1,000)
among the 18 centers participating in this study and 15.0/
1,000 among all 87 UHC member institutions. Average for
all US hospitals in 2006 was 10.4/1,000.1

Instrument development
UHC project leaders developed a data abstraction instru-
ment and guidelines in collaboration with the University of
California Davis investigators and the PRF Benchmarking
Project Steering Committee. Members of the multidisci-
plinary Steering Committee pilot-tested the instrument at
their respective institutions.

The final instrument (see Appendix, available online)
included questions about demographic characteristics,
length of stay, disposition, potentially exclusionary condi-
tions or procedures, the nature of the procedure and anes-
thesia associated with PRF, features and severity of PRF,
and outcomes. Because the complication could be associ-
ated with any of a series of operations or periods of endo-
tracheal intubation, we structured the instrument with dis-
crete sets of questions corresponding to each qualifying
operation and each period of intubation before diagnosis of
PRF. To ensure standardization of responses, we presented
most questions with either a menu of response options or
specific numeric fields. Open-ended text fields allowed ab-
stractors to explain why, if applicable, a diagnosis of acute
respiratory failure was not made during the hospitalization
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MDC � major diagnostic category
NSQIP � National Surgical Quality Improvement Program
PPV � positive predictive value
PRF � postoperative respiratory failure
PSI � patient safety indicator
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