Received: 29 December 2021

Accepted: 5 April 2022

DOI: 10.1002/jhm.12832

ORIGINAL RESEARCH

Journal of
Hospital Medicine

®
Society of Hospital Medicine

The association of acute COVID-19 infection with Patient
Safety Indicator-12 events in a multisite healthcare system

Shivang Bhakta MD! ® |
Michael A. Edwards MD>
Pablo Moreno Franco M

1Department of Critical Care Medicine, Mayo
Clinic, Jacksonville, Florida, USA

2Robert D. and Patricia E. Kern Center for the
Science of Health Care Delivery, Mayo Clinic,
Jacksonville, Florida, USA

3Department of Quality, Experience, &
Affordability, Mayo Clinic, Jacksonville,
Florida, USA

“Division of Vascular and Endovascular
Surgery, Mayo Clinic, Jacksonville,
Florida, USA

5Department of General Surgery, Mayo Clinic,
Jacksonville, Florida, USA

6Depar‘cment of Quality, Experience, &
Affordability, Mayo Clinic, Scottsdale,
Arizona, USA

7Depar‘tment of Quality, Experience, &
Affordability, Mayo Clinic, Rochester,
Minnesota, USA

8Robert D. Patricia E. Kern Center for the
Science of Health Care Delivery, Mayo Clinic,
Rochester, Minnesota, USA

Division of Hospital Internal Medicine, Mayo
Clinic, Jacksonville, Florida, USA

Correspondence

Jennifer B. Cowart, MD, Division of Hospital
Internal Medicine, Department of Internal
Medicine, Mayo Clinic, 4500 San Pablo Road,
Jacksonville, FL 32224, USA.

Email: cowart.jennifer@mayo.edu;

Twitter: @jbcowartmd

D1,2,3

Benjamin D. Pollock PhD?*® | Young M. Erben MD* |

Katherine H. Noe MD, PhD® | Sean C. Dowdy MD’:8 |
| Jennifer B. Cowart MD3° © W/

Abstract

Background: Patient Safety Indicator (PSI)-12, a hospital quality measure designed
by Agency for Healthcare Research and Quality (AHRQ) to capture potentially
preventable adverse events, captures perioperative venous thromboembolism (VTE).
It is unclear how COVID-19 has affected PSI-12 performance.

Objective: We sought to compare the cumulative incidence of PSI-12 in patients
with and without acute COVID-19 infection.

Design, Setting, and Participants: This was a retrospective cohort study including
PSI-12-eligible events at three Mayo Clinic medical centers (4/1/2020-10/5/2021).
Exposure, Main Outcomes, and Measures: We compared the unadjusted rate and
adjusted risk ratio (aRR) for PSI-12 events among patients with and without
COVID-19 infection using Fisher's exact x? test and the AHRQ risk-adjustment
software, respectively. We summarized the clinical outcomes of COVID-19 patients
with a PSI-12 event.

Results: Our cohort included 50,400 consecutive hospitalizations. Rates of PSI-12
events were significantly higher among patients with acute COVID-19 infection
(8/257 [3.11%; 95% confidence interval {Cl}, 1.35%-6.04%]) compared to patients
without COVID-19 (210/50,143 [0.42%; 95% ClI, 0.36%-0.48%]) with a PSI-12
event during the encounter (p<.001). The risk-adjusted rate of PSI-12 was
significantly higher in patients with acute COVID-19 infection (1.50% vs. 0.38%;
aRR, 3.90; 95% Cl, 2.12-7.17; p <.001). All COVID-19 patients with PSI-12 events
had severe disease and 4 died. The most common procedure was tracheostomy
(75%); the mean (SD) days from surgical procedure to VTE were 0.12 (7.32) days.
Conclusion: Patients with acute COVID-19 infection are at higher risk for PSI-12.
The present definition of PSI-12 does not account for COVID-19. This may impact
hospitals' quality performance if COVID-19 infection is not accounted for by

exclusion or risk adjustment.
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INTRODUCTION

The incidence of perioperative venous thromboembolism (VTE),
which encompasses deep venous thrombosis (DVT) and pulmonary
embolism (PE), ranges from 0.6%-3%."? Evidence-based practice
guidelines recommend prophylactic regimens to reduce the risk of
perioperative VTE.® The Agency for Healthcare Research and Quality
(AHRQ) developed Patient Safety Indicator (PSI) measures to screen
for potentially preventable adverse events, using hospital administra-
tive claims data and International Classification Diseases (ICD)-10
diagnosis and procedure codes.” PSI-12 captures perioperative VTE
as the ratio of adult patients with ICD-10 codes for PE and proximal
DVT (numerator) over all inpatients with qualifying procedural codes
(denominator), expressed as a rate per 1000 discharges. Denominator
exclusions to PSI-12 are few and include acute VTE that is present on
admission, index procedures of pulmonary arterial thrombectomy or
inferior vena cava interruption, or acute brain or spinal injuries,
primarily hemorrhagic in nature. Based on the use of coding
methodology, PSI-12 may include cases where the ICD-10 code for
VTE precedes the procedure itself.”

Since the start of the coronavirus disease 2019 (COVID-19)
pandemic, clinicians have recognized that VTE is a significant
complication of COVID-19 infection.>® Factors that increase VTE
risk in COVID-19 infection include disease severity, male sex, older
age, history of VTE, and obesity.” A meta-analysis of 66 observational
studies reported higher VTE prevalence in hospitalized patients
admitted to the intensive care unit (ICU) and in those screened with
ultrasound.® In surgical patients, Doglietto et al.” and COVIDSurg
Collaborative and GlobalSurg Collaborative'® demonstrated a higher
risk of mortality and higher odds of thrombotic complications for
patients with COVID-19 infection compared to non-COVID-19
patients. The disease-specific thrombosis risk from COVID-19 has
the potential to complicate VTE measures such as PSI-12. It is unclear
how the increased VTE risk from widespread COVID-19 infection has
affected the rate of PSI-12, and its impact on quality measures and
ratings for United States’ healthcare institutions. Our study aimed to
understand the association of acute COVID-19 infection and the PSI-
12 rate in a multisite health care system by comparing rates of PSI-12
events between those with acute COVID-19 infection versus those
without COVID-19 infection during their hospitalization. We sought
to also describe the clinical characteristics and outcomes of
COVID-19 individuals with a PSI-12 event.

METHODS
Study data and population

This was a retrospective cohort study including all consecutive
inpatient encounters at the Mayo Clinic hospitals in Minnesota,
Arizona, and Florida, from April 1, 2020, through October 5, 2021,
which met denominator eligibility criteria for PSI-12.'* We obtained
all data from patients’ electronic health records. The Mayo Clinic
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Institutional Review Board deemed the study exempt (21-006228).
We used the hospital protocol for the management of the pro-
coagulable state in COVID-19, as agreed by the multidisciplinary
COVID-19 treatment review panel.’? Our management protocols
went under continuous iterations as the pandemic evolved.

Outcome

The primary outcome was PSI-12, which included perioperative VTE (PE
or proximal DVT) as defined by AHRQ. We used publicly available AHRQ
Quality Indicators (QIl) Windows Application (WinQl) software v2020 to
identify PSI-12 events in our cohort.™® The software identifies the events
based on surgical procedure codes upon discharge. The exposure was
acute COVID-19 infection status. During the study period, all patients
admitted to Mayo Clinic hospitals underwent a polymerase chain reaction
(PCR) test for the presence of the severe acute respiratory syndrome
coronavirus type 2 (SARS-CoV-2) at the time of admission. For elective
surgical patients, outpatient preprocedural screening for COVID-19 with
PCR was performed. All patients who screened positive had elective
surgery postponed for 20 days or until isolation precautions were
removed in the event of the development of COVID-19 symptoms, per
facility policy. The presence of an ICD-10 diagnosis code of U07.1 or a
positive SARS-CoV-2 PCR or antigen test 14 days prior to admission, at
the time of admission, or during the hospitalization (positive test after an
initial negative test on admission) defined acute COVID-19 infection.

Those without acute COVID-19 infection formed the comparator group.

Statistical analysis

We tabulated and compared patient demographics and character-
istics by acute COVID-19 status (infected versus uninfected), using x?
tests for categorical variables and Wilcoxon rank-sum tests for
continuous variables. We calculated unadjusted PSI-12 rates (with
exact 95% confidence intervals), defined as the cumulative propor-
tion of surgical discharges which experienced a PSI-12 event, both
overall and by acute COVID-19 status. We compared these
unadjusted PSI-12 rates by COVID-19 infection status using an
exact x? test. We also calculated and compared the adjusted PSI-12
rates (with an adjusted risk ratio [aRR] and 95% Wald confidence
intervals) by acute COVID-19 infection status using log-linear
regression, with adjustment for the expected risk of PSI-12 as
calculated by the AHRQ WinQIl software algorithm.

Descriptive case-series analysis

For all patients with acute COVID-19 infection who experienced a
PSI-12, we abstracted additional clinical details to qualitatively
describe their course of care. Specifically, we abstracted each
patient's indication for hospitalization, history of VTE, hypercoagul-
ability, International Medical Prevention Registry on Venous
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Thromboembolism and D-Dimer (IMPROVEDD) VTE risk score, index
surgical procedure, time (in days) from positive PCR prior to
admission, time (in days) from positive PCR to VTE diagnosis, time
(in days) from admission to VTE diagnosis, time (in days) from surgery
to VTE diagnosis, pharmacological thromboprophylaxis on admission,
need for ICU, length of ICU stay (in days), length of hospital stay (in
days), and discharge disposition (alive, deceased). We summarized
these data using frequencies for categorical variables and mean (SD)
for continuous variables. The IMPROVEDD VTE risk score is a tool to
risk stratify hospitalized, medically ill patients and predict their 42 and
77-day VTE risk."”

RESULTS

Our cohort included 50,400 consecutive hospitalizations which met
eligibility criteria for the PSI-12 denominator during the study period,
of which 257 (0.51%) had acute COVID-19 infection and 50,143
(99.49%) did not have acute COVID-19 infection. The mean (SD) age
of the population was 61.69 (15.76) years, and those with acute
COVID-19 infection were significantly younger than those without
acute COVID-19 infection (Table 1). Patients with acute COVID-19
infection were more likely to be male, non-White, have emergent or
urgent admission types, and have Medicaid as their primary payer as
compared to patients without acute COVID-19 infection.

With respect to the primary outcome, 218 of 50,400 (0.43%;
95% Cl, 0.45%-0.58%) patients experienced a PSI-12 event.
Unadjusted rates of PSI-12 were significantly higher among patients
with acute COVID-19 infection: 8 of 257 (3.11%; 95% ClI,
1.35%-6.04%) patients with acute COVID-19 infection and 210 of
50,143 (0.42%; 95% Cl, 0.36%-0.48%) uninfected patients experi-
enced a PSI-12 during the encounter (p <.001; Table 2). Patients with
acute COVID-19 infection had higher median expected risks of PSI-
12 than non-COVID cases per the AHRQ risk-adjustment WinQI
software. The risk-adjusted rate of PSI-12 was significantly higher in
patients with acute COVID-19 infection (1.50% vs. 0.38%; aRR, 3.90;
95% Cl, 2.12-7.17; p <.001).

Case series

The eight perioperative COVID-19 patients who qualified for PSI-12
(Table 3) included five PEs and three DVTs. Seven of the eight were
admitted for COVID-19 infection and underwent urgent surgical
procedures during their hospital stay. One patient was admitted for a
neurosurgical procedure and subsequently developed a positive
COVID-19 PCR test. None of the patients in the cohort were
admitted for elective surgery while known to have acute COVID-19
infection. The patients had a mean (SD) age of 61.75 (8.91) years.
Seven were male, all required ICU care, and four died in the hospital.
None of the patients had previous history of VTE, but five had
hypercoagulable states prior to COVID-19 infection, including morbid
obesity (n=2) and malignancy (n=3). All patients received VTE

chemoprophylaxis except for one, who was deemed ineligible by
clinicians due to elective neurosurgical procedures. The most
common procedure was tracheostomy (75%); the mean (SD) days
from surgical procedure to VTE were 0.12 (7.32) days and from
positive PCR to VTE were 12.87 (15.94) days.

DISCUSSION

Our study demonstrated a significantly higher rate of PSI-12 (by a
factor of nearly fourfold) in patients with acute COVID-19 infection
when compared to uninfected patients, even when accounting for
risk adjustment. These eight patients with acute COVID-19 infection
and PSI-12 were all, except for one, urgently admitted for acute
COVID-19 pneumonia. All required ICU care, and they all developed
VTE despite receiving protocol-directed pharmacological and/or
mechanical prophylaxis.

COVID-19 dysregulated host response leads to an increased risk
of VTE in many patients.*®> A study by Pasha et al.® identified a
higher rate of VTE in patients with COVID-19 infection during initial
hospitalization and the first week after positive PCR compared to
their pre-COVID-19 group. In our case series, every COVID-19
patient with a PSI-12 event required ICU admission during their
hospital stay, and the mean days from positive PCR for SARS-CoV-2
to VTE diagnosis was 12.87 days. Moreover, Rali et al.’” reported
higher mortality in hospitalized COVID-19 patients diagnosed with
VTE than those without VTE. Their COVID-19 patients diagnosed
with VTE had 48% mortality, which is comparable to our COVID-19-
positive PSI-12 cohort's 50% mortality.

The eight cases illustrate several critiques of the PSI-12 measure,
including some that existed prior to the COVID-19 pandemic.*® PSI-
12 aims to evaluate perioperative VTE, but the broad list of
procedural codes included also identifies many patients admitted
for urgent medical needs who required a secondary surgical
procedure. PSI-12 does not exclude patients with bleeding disorders
or in whom intracranial bleeding developed after admissions, such as
in large ischemic strokes or intracranial tumors; such patients may not
be candidates for chemoprophylaxis.* Patients with serious illnesses
may still require urgent procedures such as tracheostomy and are still
at risk of being included in the PSI-12 numerator under the current
methodology. Large tertiary centers perform surgery on high-risk
patients who might otherwise be deemed ineligible for procedures,
such as those with coagulation disorders. The experience of our
center is that critically ill patients, such as those admitted for sepsis
following bone marrow transplant, may still be included in the PSI-12
numerator. PSI-12 includes a large and heterogeneous population of
patients who vary widely both clinically and qualitatively, such as a
patient admitted for elective joint surgery versus a patient admitted
emergently with COVID-19 and respiratory failure who undergoes
tracheostomy after days of mechanical ventilation. By contrast, other
AHRQ PSI measures have more comprehensive denominator exclu-
sions, such as PSI-6 (iatrogenic pneumothorax)’” and PSI-9 (post-

operative hemorrhage).?°
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TABLE 1 Demographic characteristics by acute COVID-19 status

Acute COVID-19 infection Absence of acute COVID-19
Characteristics (n=257, 0.51%) infection (n =50,143, 99.49%) p Value®
Age, mean (SD) 60.16 (15.95) 61.70 (15.76) 066
Female, n (%) 85 (33.07%) 23,400 (46.67%) <.001
Race/ethnicity, n (%) <.001
White 201 (78.21%) 45,311 (90.36%)
Black/African American 21 (8.17%) 1837 (3.66%)
Hispanic of any race 6 (2.33%) 962 (1.92%)
Native American 16 (6.23%) 374 (0.75%)
Other 13 (5.06%) 1659 (3.31%)
Admission type, n (%) <.001
Emergent 131 (50.97%) 8768 (17.49%)
Urgent 88 (34.24%) 5887 (11.74%)
Elective 36 (14.01%) 35,197 (70.19%)
Other/unknown 2 (0.78%) 2 (0.78%)
Primary payer, n (%) <.001
Medicare 103 (40.08%) 20,218 (40.32%)
Medicaid 28 (10.89%) 2003 (3.99%)
Private 80 (31.13%) 20,961 (41.80%)
Self-pay/other 46 (17.90%) 6961 (13.88%)
Hospital, n (%) <.001
Rochester 112 (43.58%) 30,745 (61.31%)
Arizona 86 (33.46%) 9028 (18.00%)
Florida 59 (22.96%) 10,370 (20.68%)
Expected PSI-12, 0.76% (0.38%, 1.20%) 0.34% (0.20%, 0.56%) <.001
median, IQR
PSI-12 <.001
Yes 8 (3.11%) 210 (0.42%)
No 249 (96.89%) 49,933 (99.58%)

Abbreviations: IQR, interquartile range; PSI-12, patient safety indicator-12; SD, standard deviation.
2Wilcoxon rank-sum for continuous variables and x? test for categorical variables.

TABLE 2 Outcomes

Characteristics Acute COVID-19 infection(n = 257, 0.5%) Absence of acute COVID-19 infection (n = 50,143, 99.5%) p Value®

Unadjusted PSI-12, n 8/257 210/50,143 <.001
Rate, 95% Cl 3.11% (1.35%, 6.04%) 0.42% (0.36%, 0.48%)

Adjusted” PSI-12, n 8/257 210/50,143 <.001
Rate, 95% ClI 1.50% (0.81%, 2.76%) 0.38% (0.33%, 0.44%)

Abbreviations: Cl, confidence interval; PSI-12, patient safety indicator-12.
3Exact x? test for unadjusted, Wald x? for adjusted.
For AHRQ Quality Indicators Windows Application (WinQl) software derived the expected risk of PSI-12.
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Another methodological concern with PSI-12 is the inability to
exclude cases where VTE was diagnosed prior to the qualifying surgical
procedure. In our COVID-positive PSI-12 cohort, three of the eight
patients were diagnosed with VTE days prior to the qualifying procedure,
which were all performed due to severe COVID-19 pneumonia: two
tracheostomies and one blowhole incision for subcutaneous emphysema.
The current VTE prophylaxis guidelines in surgical patients® rely on
evidence from postoperative VTE studies; the preoperative VTEs are
excluded due to violation of the principles of cause and effect, with the
“effect” coming before the “cause.” Clinically, these VTEs are clearly
associated with the underlying medical illness rather than the surgical
procedure. While this is not unique to COVID-19 patients, this issue
highlights the difficulty with quality measures that rely solely on coding. A
consideration to improve the PSI-12 methodology might be to exclude
cases in which the VTE event precedes the qualifying surgical procedure,
which would require reliable capture of dates by hospital billing
departments in coding data. Alternatively, a new perioperative VTE
measure could be constructed using a combination of clinical and claims-
based data, which may allow greater accuracy and specificity of the
measure.

AHRQ currently adjusts for patients’ underlying risks of VTE using
multivariate logistic regression models considering four major categories:
demographics, the severity of illness, comorbidities, and discharge specific
information.”* The cases in our cohort identified COVID-19-related VTE
that occurred exclusively in severely ill patients, occurred despite
appropriate prophylaxis, and often preceded the index operative
procedure. Current risk adjustment using AHRQ WinQl (v2020) software
did not fully account for this increase in PSI-12 related to acute
COVID-19 infection. AHRQ updates their software and criteria annually,
based off claims data from 2 years prior. AHRQ v2021 software allows
the option to exclude all COVID-19 discharges, but without risk
adjustment. As the pandemic evolves, the quality measurement will also
need to change and adapt. Future PSI methodology and software must
allow for risk adjustment in addition to (or in place of) exclusion from the
denominator. Studies like this one can be used to improve and adjust
future methodological decisions regarding the treatment of COVID-era
data in PSI-12 and other quality outcomes. Our study supports that
exclusion of COVID-19, or updated risk adjustment to account for
disease-specific thrombosis risk, in the PSI-12 methodology must be
incorporated in the assessment of PSI-12 in future years.

PSls are currently part of publicly reported quality measures for
hospitals. PSI-90, a composite metric of ten PSlIs including PSI-12, has
previously been used by the Centers for Medicare and Medicaid
Services (CMS) in both the Hospital-Acquired Condition (HAC)
Reduction Program and the Hospital Value-Based Purchasing
Program.?? PSI-90 is undergoing revisions relating to the transition
to ICD-10 and has been removed from the VBP starting in FY2019
but will be reinstated in FY2023.?° It is important that safety and
quality measures are appropriately risk adjusted for the complexity of
care required by patients at any given institution. The inadequately
adjusted risk may lead to refusal of care for older, sicker, and more
medically complex patients whose expenditures are greater than

predicted. Blay et al.>* and Vartak et al.?® examined the effects of

removing VTE from PSI-90 on hospital performance. They found
improvement in PSI-90 for hospitals that were larger, were major
teaching centers, had greater diagnostic resources, or cared for sicker
patients. Holding hospitals liable for unavoidable VTEs in COVID-19
patients may lead to penalties against tertiary and academic facilities
caring for large volumes of the sickest patients.?® This may have
the unintended outcome of lower-quality care being provided to
COVID-19 patients who need urgent surgical procedures by facilities
concerned about public reporting and federal pay-for-performance
consequences surrounding such measures.

Our study has some important limitations. This multicenter study
encompasses three destination academic medical centers, potentially
limiting generalizability to smaller or nonacademic hospitals. Despite the
multicenter design, the sample size was relatively small, and further
research is needed to verify these conclusions. In addition, the
retrospective design does not allow us to draw cause-and-effect
conclusions nor allow us to control for changing management and
prophylaxis of COVID-19 associated hypercoagulability over the course
of the pandemic. As noted, our risk adjustment may have been
confounded by the additional comorbid severity of COVID-19 patients;
however, this is precisely the key takeaway of this analysis: to provide
evidence that current AHRQ risk adjustment for PSI-12 is confounded by
patients’ acute COVID-19 infection and the accompanying comorbid

severity.

CONCLUSION

The ongoing COVID-19 pandemic has strained healthcare systems
around the world. Determining how to measure the quality of care during
this time is challenging, not only for those acutely ill with COVID-19 but
those who present for other routine care. Improving the accuracy of
measures like PSI-12 will better allow hospitals to review their outcomes
and quality of care. Our study found that patients with acute cases of
COVID-19 are at higher risk for meeting the criteria for PSI-12 than
patients without COVID-19, despite guideline-appropriate VTE prophy-
laxis. The current AHRQ risk adjustment does not fully account for this
difference. This information should be taken into consideration to update
PSI-12 and other quality measures in the pandemic era, to avoid biasing
the publicly reported performance of hospitals caring for critically ill
COVID-19 patients.
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