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Abstract

Background: Administrative data can be used to identify cases of postoperative respiratory
failure (PRF). We aimed to determine if recent changes to the Agency for Healthcare Research and
Quality Patient Safety Indicator 11 (PSI 11) and adoption of clinical documentation improvement
programs have improved the validity of PSI 11. We also analyzed reasons why PSI 11 was falsely
triggered.

Study design: Cross-sectional study of all eligible discharges using health record data from five
academic medical centers between October 1, 2012 and September 30, 2015.
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Results: Of 437 flagged records, 434 (99.3%) were accurately coded and 414 (94.7%)
represented true clinical PRF. None of the false positive records involved respiratory failure
present on admission. Most (78.3%) false positive records required airway protection but did not
have respiratory failure.

Conclusion: The validity of PSI 11 has improved with recent changes to the code criterion and
adoption of clinical documentation improvement programs.

Keywords

postoperative respiratory failure; positive predictive value; validity; Agency for Healthcare
Research and Quality (AHRQ); Patient Safety Indicator 11 (PSI 11)

Introduction

Postoperative respiratory failure (PRF)—defined variously as unplanned reintubation,
mechanical ventilation beyond 48 (or 96) hours after surgery, or inadequate oxygenation

or ventilation—is the most common serious pulmonary complication, with an incidence of
0.2-7.5%-11 and attributable in-hospital mortality of 25-40%.112 Each case is associated
with approximately $53,000 in excess charges and nine excess days of hospitalization after
adjusting for preoperative risk factors,13 making it among the most expensive and deadly of
postoperative complications.

One method to identify cases of PRF is through the Agency for Healthcare Research and
Quality (AHRQ) Patient Safety Indicator (PSI) 11. PSI 11 is efficient because it utilizes
administrative data to identify potential instances of PRF for the purpose of informing
targeted institution-level quality improvement efforts.14 However, its validity has been
constrained by the accuracy of clinical documentation by physicians, chart review by
coders (and, increasingly, clinical documentation specialists),1° and available International
Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) diagnosis and
procedure codes.18

Researchers have validated PSI 11 under ICD-9-CM specifications in academic centers and
the Veteran’s Health Administration using chart review as the criterion standard and found
the positive predictive value (PPV) was 67-83%.1517-20 Supsequently, the AHRQ took
advantage of present-on-admission (POA) flags starting in 2008 to exclude preoperative
respiratory failure and revised the diagnosis code criteria in 2011 to better focus PSI

11 on cases following trauma or surgery. Contemporaneously, hospitals began verifying
PSI-flagged events through clinical documentation improvement programs, which involve
concurrent communication between physicians, clinical documentation specialists, and
coders.21-24 Qur primary objective was to study the effect of the new ICD-9-CM diagnosis
codes and the POA flag—in the context of clinical documentation improvement programs—
on the ability of PSI 11 to accurately identify PRF. Our secondary objective was to analyze
records that triggered PSI 11 but that did not represent PRF to understand how PSI 11 might
be further refined.
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This study was approved by the Institutional Review Board (IRB) of the University of
California, Davis as the lead site and endorsed through the IRB Reliance process by the
IRBs at the University of California Irvine, Los Angeles, San Diego, and San Francisco.

Study design and population

This was a multisite cross-sectional health record-based study of all eligible discharges from
October 1, 2012 through September 30, 2015 that met criteria for AHRQ PSI 11 at the
five University of California academic medical centers (San Francisco, Davis, Irvine, Los
Angeles, and San Diego campuses). Participation by each center was voluntary. Eligible
discharges are defined by AHRQ PSI 11 technical specifications2> (Table 1). We chose
the start date based on: 1) the availability of data from all sites (as well as allowance of

a phase-in period for coders to adjust to the updated ICD-9-CM diagnosis codes relevant
to PSI 11, first in use in October 2011), and 2) the presence of a clinical documentation
improvement program at each site. The end date was chosen based on the October 1,
2015 implementation of International Classification of Diseases, 10th Revision, Clinical
Modification/Procedure Classification System in the United States.

Instrument development

We modified an abstraction instrument from a prior studyl® for use via REDCap™.
Modifications occurred iteratively through review and pilot testing by the research

team. The final instrument included information on demographic characteristics,
diagnoses and procedures, length of stay, discharge disposition, preexisting comorbid
conditions, preoperative laboratory and radiographic test results, operating room treatment,
postoperative care, and open-ended text fields to allow abstractors to provide additional
clarification or to pose questions for further investigation (see supplementary material/
electronic appendix).

Data collection

Analysis

We identified records at participating hospitals through application of the AHRQ PSI
software to the Vizient™ (formerly University Healthsystem Consortium) Clinical Data
Base for the timeframe of interest. The two data sources utilized were administrative data
from the Vizient™ Clinical Data Base and the paper and electronic health records of each
participating hospital.

Five data abstractors (AA, EW, BM, RK, SB) were trained through a combination of
written training materials, teleconferences, and regular in-person meetings. The principal
investigator (JS), a critical care registered nurse with over twenty years of experience,
supervised the training and reviewed all abstracted data for accuracy. We did not formally
assess inter-rater reliability.

The primary clinical team (PS, GU, JS) used the AHRQ PSI 11 criteria, the ICD-9-CM
coding data, and the clinical records to categorize each hospitalization as either a true or
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false positive from both a coding and a clinical perspective. This was a two-step process.
The principal investigator first validated the data abstraction of each chart and made an
initial determination of each hospitalization as a true or false positive. The three primary
clinical investigators then met in person to review each case and determine, by consensus,
the final assignment of true or false positive status. This allowed us to generate two
estimates of PPV ([true positive/true positive + false positive] x 100) and the associated 95%
confidence interval (Cl): 1) “coding PPV,” i.e., did coders apply the appropriate ICD-9-CM
code(s) to each flagged record, and 2) “clinical PPV,” i.e., did the record represent true PRF
from a clinical perspective. From the clinical perspective, we also assessed the “marginal
PPV"26 of specific PSI 11 numerator criteria (single diagnosis or procedure codes) among
those records flagged only because of that particular criterion of the numerator.

We classified records as false positive by coding criteria if they had been assigned an
incorrect ICD-9-CM code, such as a 518.51 code for acute respiratory failure following
trauma or surgery in the absence of any physician documentation to support assignment of
this code. We classified records as false positive by clinical criteria if they failed to represent
PRF from a purely clinical perspective, such as reintubation and/or prolonged ventilator
management with a documented rationale of airway protection, not respiratory failure.

We compared characteristics of true and false positive records and evaluated the reasons
behind false positive records. Among records flagged by PSI 11 based on only a single
diagnosis or procedure code criterion, we calculated the marginal PPV of each criterion.
All analyses were done using Stata SE® version 14.2 (Stata Corp). We compared the true
and false positive groups using Student’s #test or the Wilcoxon Mann-Whitney test for
continuous variables, and Pearson’s chi square test or Fisher’s exact test for categorical
variables. Significance was set a priori at p < 0.05.

There were a total of 437 PSI 11-flagged records among 59,073 eligible discharges from
the five sites. The overall rate of PRF was 7.4 records per 1000 eligible discharges, with

a range of 5.5-11.4. Of the 437 records, 126 (28.8%) met diagnosis and procedure code
criteria, 217 (49.7%) met only procedure code criteria, and 94 (21.5%) met only diagnosis
code criteria (Table 2). Among all flagged records, 434 (99.3%; 95% CI, 98.0-99.9%) met
the ICD-9-CM coding criteria (“coding validity”) and 414 (94.7%; 95% ClI, 92.2-96.6%)
met clinical criteria (“clinical validity”) for PRF.

A total of 834 PSI 11 numerator diagnosis and procedure codes were assigned to the 437
records (mean 1.91, range 1-4), with diagnosis code 518.51 and procedure code 96.04 being
the most frequently assigned (Table 3).

Characteristics of flagged records

Patients whose records were flagged had a median age of 62 years and were more likely
to be female (51.5%) and white (70.7%) (Table 4). The median hospital length of stay was
15 days (interquartile range [IQR] 8, 29 days) and the median intensive care unit length
of stay was 4 days (IQR 1, 13 days). The diagnosis or procedure triggering PSI 11 was
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documented a median of 2 days (IQR 0, 4 days) postoperatively. The highest percentage of
flagged records (n = 152, 34.8%) were identified on the day of surgery, with most records
identified during post-operative days 0-5 (n = 340, 77.8%) and almost all by post-operative
day 15 (n = 413, 94.5%). Seventy-five patients (17.2%) died during their hospitalization.

Flagged records had a median of 2 comorbidities (IQR 1, 4 and range 0-8). Only 37 (8.5%)
flagged records did not have any comorbid conditions. A majority (72.3%) of flagged
records had an American Society of Anesthesiologists class of 111 (moderate to severe
systemic disease) (Table 4). The most common comorbid conditions were hypertension
(54.7%), gastroesophageal reflux disease (30%), and cardiovascular disease (24%) (Table 4).
Most patients (92.9%) were functionally independent with activities of daily living prior to
admission.

Among all flagged records, the median duration of surgery (initial incision to closure)

was 284 min (IQR 176, 443 min) (Table 4). The median time under anesthesia care

was 411 min (IQR 271, 561 min). General anesthesia was used for 428 patients (98%),
with 399 (91.3%) receiving neuromuscular blockade. The most common neuromuscular
blocking agent used was rocuronium (n = 270, 67.7%), followed by succinylcholine (n =
65, 16.3%). Fifty-eight patients (13.4%) received more than one neuromuscular blocking
agent, with succinylcholine followed by rocuronium being the most prevalent combination
(n = 23). Of the patients who received general anesthesia, 29 (7.3%) also received local or
regional analgesia. Surgical procedures involving the abdomen or pelvis were most common
(46%), followed by surgical procedures on the head or soft tissue of the neck (16.7%).
Most patients received intravenous opioid analgesics (95.7%) and benzodiazepines (67.7%)
intraoperatively.

Coding validity

The three records that were false positives from a coding perspective were all flagged solely
due to diagnosis code 518.51 (acute respiratory failure following trauma and surgery). All
three records lacked objective clinical criteria or explicit physician documentation to support
the diagnosis.

Clinical validity

The 23 records (5.3%) that were false positives from a clinical perspective involved:
intubation and/or mechanical ventilation for airway protection, not respiratory failure (e.g.,
high cervical spine laminectomy with concern for airway compromise due to swelling) (n
=18, 78.3%); and documentation and/or coding errors where there was no explicit clinical
documentation to support a diagnosis and subsequent coding of respiratory failure (e.g.,
diagnosis of acute respiratory failure in a consult service note with no other supporting
information) (n =5, 21.7%).

Differences between true positive and false positive clinical records

Records with evidence of true clinical PRF had longer hospital and intensive care unit
lengths of stay and higher documented operative peak inspiratory pressures (Table 4).
True positive records were more likely to involve an abdominal/pelvic operation, while
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false positive records were more likely to involve a head/soft tissue neck procedure (Table
4). Of 340 true positive patients who survived to discharge, only 22% were functionally
independent. Discharge dispositions for survivors included: home with home health care (n
= 95, 27.9%), skilled nursing facility (n = 71, 20.9%), rehabilitation facility (n = 54, 15.9%),
long term care facility (n = 13, 3.8%), another hospital (n = 9, 2.6%), hospice (n = 2, 0.6%),
and other facilities (n = 21, 6.2%). Only 22% of survivors were discharged home under
self-care.

Marginal positive predictive value

Of the 437 flagged records, 139 (31.8%) met criteria for only a single diagnosis or procedure
code criterion of the PSI 11 numerator. Of these 139 records, the code was properly assigned
in 127 (91.4%) and incorrectly assigned in 12 (8.6%) (Table 5). The most frequently utilized
sole criteria were 518.51 (acute respiratory failure following trauma and surgery) (n =

91, marginal PPV = 92.3%), followed by 96.72 (continuous mechanical ventilation for 96
consecutive hours or more) (n = 27, marginal PPV = 92.5%). Ignoring the infrequently used
518.53 (n = 3) and 96.70 (n = 0) codes, the marginal PPV of all remaining criteria was at
least 84%.

Discussion

We found the addition of a POA flag in 2008 and revisions to the diagnosis code criteria in
2011 increased the clinical and coding PPV of AHRQ PSI 11 when compared to available
data from two previous studies that used chart review as the criterion standard.151°2 We also
found increased marginal PPV of PSI 11 when compared to a previous study.1® None of the
flagged records in our dataset had respiratory failure present on admission, which indicates
the POA flag functions well. These changes occurred during a timeframe when hospitals
were implementing clinical documentation improvement programs.

Many clinical false positive records involved mechanical ventilation for airway protection,
consistent with prior studies.1>19 While these records did not represent PRF, they might
still represent opportunities to improve or standardize care. Many patients had multiple
non-modifiable risk factors such as advanced age, preexisting cardiopulmonary disease, and
complex, lengthy, open torso procedures. In this population, there may be little surgeons and
anesthesiologists can do to mitigate risk, other than modify patient selection,® procedure
type, and anesthesia techniques — neuraxial anesthesia and lung protective ventilation — that
may reduce harm.

Many clinical true positive records involved procedures on the abdominal and pelvic
cavities. The is not surprising due to the anatomic proximity of the muscles of respiration,
the likelihood of increased intra-abdominal pressure from postoperative ileus, and the
potentially long duration of complex abdominal procedures. Just as the factors contributing
to acute respiratory failure may differ depending on the anatomic region of the index
operation, the criterion validity of PSI 11 may also vary depending on the anatomic region.

Although all five sites had a clinical documentation improvement program in place during
the study period, some false positive records were due to documentation and coding errors.
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The AHRQ provides a toolkit?” with a section on clinical documentation improvement
programs, to include physician documentation, concurrent review by clinical documentation
specialists, a standardized query process when documentation is unclear, and subsequent
coding. Implementation of such programs in departments of surgery has coincided with
improved accuracy of documentation,22 better compliance with surgical quality measures,23
and a reduction in the false positive rate for PSI 11 specifically.2* However, these programs
require resources and can burden physicians with additional queries. Because such programs
primarily focus on reviewing PSI-flagged records and narrowing the definitions of PSI
numerator-relevant diagnoses, they may also increase false negative rates. With increased
emphasis on pay for performance, clinical documentation improvement programs are poised
to have an ongoing impact on PSI 11 rates.

Analysis of the marginal PPV provides additional insight into the validity of PSI 11.

About one-fifth of records in our study were flagged solely based on a diagnosis code,

and these diagnoses seemed particularly sensitive to differences in documentation and
coding practices. Contributing factors include the lack of a consensus definition of

acute respiratory failure,24 disagreement on whether the PRF is a result of surgery, and
inconsistent documentation, querying, and coding practices. While it is possible to eliminate
the diagnosis codes from the PSI 11 numerator, doing so would only minimally impact the
overall PPV because the marginal PPV of the diagnosis codes (86/94 = 91.4%) was only
slightly less than the PPV of the remaining records flagged by at least one procedure code
(326/343 = 95.0%).

Our data suggest the PPV of PSI 11 could be improved. Additional surgical procedures
involving the head or soft tissue of the neck could be excluded as, in our sample, these
patients were more likely to require endotracheal intubation and prolonged mechanical
ventilation for airway protection rather than for respiratory failure. Such exclusions would
need to be carefully selected as they would categorically eliminate from the denominator
patients undergoing certain procedures who might otherwise be at high risk for postoperative
respiratory failure. The additional available codes and new classification approach within the
International Classification of Diseases, 10th Revision, Clinical Modification and Procedure
Coding System might allow for more precise exclusions.2® While we did not identify any
records that had PRF present on admission, we did find two flagged records in which the
patients had a tracheostomy in place and were chronically mechanically ventilated and were
admitted for elective surgical revisions of prior traumatic neurologic insults. Excluding such
patients might also improve the PPV of PSI 11.

Our study has limitations. All five sites are tertiary academic medical centers located within
a single healthcare system in California. As such, our findings may not be generalizable.
Differences in electronic health record platforms across the five centers may have led to
some misclassification of collected data; however, we verified all records by a second
abstraction process and had three members of our team adjudicate the findings. We also
lacked the resources to collect data on an appropriate sample of the over 59,000 encounters
during the study period that were not flagged by PSI 11; thus, we were unable to estimate
the sensitivity of PSI 11.
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The positive predictive value of PSI 11 has improved since the 2008 addition of a present-
on-admission flag and 2011 changes to the diagnosis codes used in its numerator. Clinical
documentation improvement programs may have contributed to this improvement, but the
impact on the sensitivity of PSI 11 remains unknown. Further refinements to the PSI
11 specifications might focus on exclusion criteria applicable to patients who experience

prolonged mechanical ventilation primarily for airway protection rather than for respiratory

failure.
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Table 5

Marginal positive predictive values among the 139 records flagged on the basis of a single diagnosis or
procedure code criterion.

CodeCriterion  TruePositive(n)  False Positive (n) MarginalPPVa(%)

518.51 84 7 92.3

518.53 2 1 66.7

96.04 5 0 100

96.70 0 0 -

96.71 11 2 84.6

96.72 25 2 92.5
Key.

518.51: Acute Respiratory Failure Following Trauma and Surgery.

518.53: Acute and Chronic Respiratory Failure Following Trauma and Surgery.
96.70: Continuous Mechanical Ventilation of Unspecified Duration.

97.71: Continuous Mechanical Ventilation for Less Than 96 Consecutive Hours.
96.72: Continuous Mechanical Ventilation for 96 Consecutive Hours or More.

96.04: Insertion of Endotracheal Tube.

a . i
The PPV among records flagged solely on the basis of that code criterion.
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