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ABSTRACT

Introduction. Numerous inflammatory markers may serve a role in
prognostication of patients hospitalized with COVID-19 infection.
Early in the pandemic, our health system created an admission order
set which included daily d-dimer, c-reactive protein (CRP), lactate
dehydrogenase (LDH), and ferritin. Given more available outcomes
data, limiting standing order of labs that do not affect daily manage-
ment could result in significant cost savings to the health system without
adverse patient outcomes. The purpose of this study was to determine
ordering and utilization patterns of inflammatory markers by physi-
cians caring for patients hospitalized with COVID-19 infection.

Methods. An anonymous 10-question survey was distributed to 125
physicians (Infectious Disease, Hospitalist, Pulmonary and Critical
Care faculty). Responses were tallied and values greater than 50% were
identified as the majority of the surveyed group.

Results. Of the 125 physicians surveyed, 77 (62%) responded. A total
of 57.1% (44/77) of physicians reported ordering daily inflammatory
markers for 3 - 10 days from admission. Another 31.2% (24,/77) ordered
markers until clinical improvement or hospital discharge. D-dimer
was used for care decisions by 83.1% (64/77) of respondents; 93.8%
(60/64) of those reported utilizing it in determining anticoagulation
dose. CRP was used by 61% (47/77) of physicians to help identify a
secondary infection or determine steroid dose or duration. LDH and
ferritin were not used for management decisions by the majority of phy-
sicians. Inflammatory markers were not used routinely after isolation
precautions had been discontinued, even when ongoing care required
mechanical ventilation.

Conclusions. Of the markers studied, both d-dimer and CRP were
considered useful by most respondents. LDH and ferritin were used
less frequently and were not considered as useful in guiding medical

decision making. Discontinuation of standing daily LDH and ferritin
ordersis believed to have potential to result in cost savings to the health
care system with no adverse patient outcomes.
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INTRODUCTION

In December 2019, a novel coronavirus was described in Wuhan,
China and quickly spread throughout the world. By the end of January
2020, the World Health Organization declared the outbreak a Public
Health Emergency of International Concern.' According to the Johns
Hopkins Coronavirus Resource Center, there have been a total 397
million cases worldwide, including 5.75 million deaths as of February
8, 2022.% Early in the pandemic, risk factors for progression to severe
disease were identified by analyzing trends in hospitalized patients
including age, hypertension, diabetes, body mass index (BMI), and
race. In addition, elevations in numerous inflammatory markers were
found to berisk factors for disease severity.? Laboratory markers associ-
ated with critical illness included lymphocytopenia, thrombocytopenia,
elevated c-reactive protein (CRP), elevated transaminases, decreased
creatinine clearance, elevated ferritin, elevated lactate dehydrogenase
(LDH), elevated serum amyloid A, and elevated d-dimer*?

Using a retrospective cohort analysis published in September 2020,
researchers at Johns Hopkins developed a COVID-19 Inpatient Risk
Calculator.? When laboratory results and patient data are applied to
the calculator, death and progression to severe disease can be predict-
ed. Two predominant risk factors have direct implications in therapy,
d-dimer and arequirement for supplemental oxygen. The RECOVERY
Trial demonstrated improved 28-day mortality when administering
dexamethasone to COVID-19 patients requiring supplemental oxygen
compared to placebo.® Patients with elevated d-dimer plus a sepsis-
induced coagulopathy score > 4 have improved 28-day mortality when
given low molecular weight heparin versus no heparin product.” In a
randomized, controlled, open-label trial, the RECOVERY Collabora-
tive Group identified tocilizumab as having improved 28-day mortality
in patients with hypoxia and CRP > 7.5 mg/d1..% Clear evidence regard-
ing the roles of ferritin and LDH in guiding COVID-19 therapy were
not available.

At The University of Kansas Health System (TUKHS; Kansas City,
KS), CRP, ferritin, LDH, and d-dimer were added to the inaugural
COVID-19 admission order set as inflammatory markers of interest
based on information related to clinical outcomes in patients with
COVID-19 available at the time. This order set was designed specifi-
cally for admitting patients with SARS-CoV-2 positive polymerase
chain reaction (PCR) to guide initial monitoring and management.
The order set included options for daily monitoring of CRP, ferritin,
LDH, and d-dimer but had no expiration date based on clinical status
(indefinite until death or hospital discharge). If a physician felt there
was no longer need for inflammatory marker trending, they would have
to discontinue the orders manually. TUKHS operates with a closed
1CU model where intensivists act as the primary physician for patients
meeting ICU admission criteria. Hospitalists acted as the primary phy-
sician for most general internal medicine COVID-19 patients admitted
to telemetry and general medicine wards. Consultation with Infectious
Diseases or Pulmonary services was at the discretion of the primary
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service and not a requirement. While there are implications for patient
management with d-dimer results, the roles of the other markers,
outside of risk stratification, are less clear.

From March 1, 2020 to February 6, 2021, TUKHS admitted 2,369
patients with COVID-19 with an average length of stay of 7.7 days
resulting in a total of 18,241 patient days. The cost for reagent and
labor on average per test for d-dimer, CRP, LDH, and ferritin is $7.55
at our institution. This represented approximately $551,000 spent on
inflammatory markers for COVID-19 patients since the beginning of
the pandemic at TUKHS.

The study aim was to use survey responses from physicians most
frequently assigned to care for patients with COVID-19 to determine
if daily trends in d-dimer, LDH, ferritin, and CRP guided daily manage-
ment in patients hospitalized with COVID-19. Of particular interest
were steroid duration and dose, level of anticoagulation (therapeutic
versus prophylactic), and workup of potential secondary infection.
Secondarily, we aimed to see if “recovered” status as determined by
Infection Prevention and Control (IPAC) professionals altered the
perceived frequency of COVID-19 inflammatory marker ordering,.
Finally, we sought to determine if there were potential laboratory cost
savings to be obtained by comparing the self-reported ordering pat-
terns of the tests in question to the self-perceived utility of these tests
in patient care.

METHODS
An anonymous and voluntary 10 question yes/no/open-ended

®

response survey utilizing SurveyMonkey”, an online survey develop-
ment cloud-based software, was distributed to faculty within infectious
diseases, intensive care, and hospital medicine who practiced at
TUKHS in December 2020 (Figure 1). This staff was selected given
they provided the majority of daily care to patients admitted with
COVID-19 infection. The survey was closed after one month. The
results of the survey were tabulated for each question. An open-ended
response that qualified for multiple preselected categories was split
accordingly. For example, for arespondent who used c-reactive protein
for both steroid dosing and workup of a secondary infection, 0.5 votes
were added to each category. In the case that an open response quali-
fied for three categories, 0.33 votes were added to each category. Votes
then were converted to percentages of all respondents. For purposes
of evaluation of responses, options selected by greater than 50% of
the surveyed population were considered to represent the majority of
the respondents. This quality improvement project was approved by
the University of Kansas Medical Center Human Subjects Commit-
tee prior to the distribution of the survey. The nature of the study and
associated survey was exploratory. Patients were not involved directly
in this study.

RESULTS

Of the 125 physicians surveyed, 14 were Infectious Disease faculty,
28 were Intensivists/Pulmonary consultants, and 83 were Hospitalists.
Of those invited to participate, 62% (77/125) completed the survey
(Table 1). The faculty responding were not required to document which
division they represented. Most physicians checked inflammatory
markers for at least three to five days of hospitalization; 30% (23/77)
checked for 6 - 10 days and 18% (14,/77) monitored until discharge
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(Figure 2). Intotal, 57.1% (44/77) of respondents obtained inflamma-
tory markers daily (Figure 3).

How often do you check COVID-19 inflammatory markers?
How many days do you check COVID-19 inflammatory markers?
Do you check COVID-19 Inflammatory markers on "recovered” patients who are actively requiring
mechanical ventilation?
Do you check COVID-19 Inflammatory markers on "recovered” patients who are actively requiring
Heated High Flow Nasal Canula?
Do you check COVID-19 inflammatory markers on "recovered” patients who are requiring
supplemental oxygen via traditional nasal canula?
Do you use d-dimer to change management of

Steroid duration or dose

Anticoagulation

Workup of secondary infection

Other (please explain)
Do you use ferritin to change management of

Steroid duration or dose

Anticoagulation

Workup of secondary infection

Other (please explain)
Do you use c-reactive protein to change management of

Steroid duration or dose

Anticoagulation

Workup of secondary infection

Other (please explain)
Do you use LDH to change management of

Steroid duration or dose

Anticoagulation

Workup of secondary infection

Other (please explain)
Do you think that removing the check-boxes for standing COVID-19 inflammatory markers (essentially
requiring a provider to place the orderon an as needed basis) will negatively impact patient care?
The survey was distributed via an email link to 125 physicians who actively in the care of patients infected with
COVID-19. Preceding the survey was a short disclaimer. "The following is a 10 question multiple choice survey. Please assume
that all questions are regarding patients who have a positive COVID-19 PCR and symptoms on admission unless ex plicitly stating
otherwise. COVID-19 inflammatory markers include d-dimer, ferritin, lactate (LDH), and ctive protein
(CRP). "Recovered" is the designation that Infection Prevention and Control gives to patients who no longer need isolation.”

Figure 1. COVID-19 Inflammatory Marker Usage Survey.

Table 1. Survey demographics.

Faculty division Number of physicians
Infectious Disease faculty 14

Critical Care faculty 28
Hospitalist 83

Total 125

Surveys completed 77

% Surveys completed 62

® Admission Only
H -2 Days
® 3-5 Days
6-10 Days
® Until Hospital Discharge
H Clinical Improvement

m Did Not Check

Figure 2. Duration of COVID-19 Inflammatory marker monitoring.
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45 44 = Daily
® Every Other Day
= As Needed

22

Number of Respondents
5

Figure 3. COVID-19 inflammatory marker monitoring frequency.

D-dimer was utilized by 83.1% (64,/77) of respondents for medical
management decisions. Of the 83%, 93.8% (60/64) used d-dimer to
determine dose of anticoagulation. Ferritin was not used regularly
by 494% (38/77) respondents and used only for trending purposes
in 2.6% (2/77). Of the remaining 46.8% (36,/77) of providers who
answered, 62% (22.33/36) used the ferritin level to determine steroid
duration or dose and 31.5% (11.33/36) utilized ferritin in the workup of
a secondary infection, respectively. Most providers (61%; 47/77) used
CRP tomake medical decisions, with 57.1% (26.83/47) of respondents
using CRP to determine steroid duration or dose and 35.8% (16.83/47)
reporting use in the workup of a secondary infection. Most physicians
(59.7%;46,/77) did not use LDH to guide any therapy. One respondent
deferred to answer how each inflammatory marker was utilized (Table
2).

Of the 77 survey respondents, 32 reported managing mechanically
ventilated patients as part of their practice. Of those 32, 56.3% (18/32)
did not check the aforementioned COVID-19 inflammatory markers
in patients requiring mechanical ventilation and determined to be
“recovering” by IPAC. Of the respondents managing patients requiring
heated high flow nasal canula (53/77), 56.6% (30/53) reported check-
ing inflammatory markers. In addition, 61% (47/77) of all respondents
did not check inflammatory markers on “recovered” patients requiring
supplemental oxygen by nasal cannula (Table 3).

When asked if changing the current COVID-19 admission order
set would affect patient care negatively, 62.3% (48/77) reported that
it would not, while 37.7% (29/77) felt that it was possible or that they
were unsure. The concern that inadequate dosing of anticoagulation
would be a result of not obtaining d-dimer leading to increased throm-
boembolic events was reported most frequently.

DISCUSSION

The COVID-19 pandemic has presented numerous challenges
related to diagnostic testing, therapeutic development and implemen-
tation, vaccine development, and management of complications,
amongst other issues. Through worldwide efforts, these processes
have been expedited and improved in all areas. There is still a signifi-
cant burden on hospital systems to manage hospitalized patients with
severe symptoms from COVID-19. The abundance of case series, ret-
rospective analyses, and prospective studies have helped to identify
markers of inflammation and their association with prognosis.>> A
meta-analysis regarding the association of inflammatory markers in

)

COVID-19 could not conclude that ferritin was correlated with severe
disease.” While there is evidence supporting use of d-dimer to guide
anticoagulation and CRP for tocilizumab administration, there is a
limited role outside of prognostication for other markers.® Our survey
suggested that most providers at our institution measure inflamma-
tory markers on a daily basis for at least three to five days, with many
checking for six to ten days or until discharge. Additionally, the survey
suggested that physicians used inflammatory markers for trending
inflammation, steroid dosing or duration, anticoagulation dosing, and
workup of a secondary infection. In other responses, they were not
being used at all. For respondents who felt there was a need to monitor
multiple inflammatory markers, there was not a specific question to
inquire about why they believed this practice was beneficial.

Most providers checked inflammatory markers daily for at least
three to five days. This supported the practice of using the institution’s
COVID-19 admission order set via the electronic medical record, par-
ticularly given that most respondents (93.8%; 60/64) used d-dimer
to assist in dosing of anticoagulation. Our institution adopted an
algorithm that included d-dimer levels among other factors to deter-
mine anticoagulation dosage based on the published literature at the
time.” Prior analysis showed that up to 25% of patients with COVID-
19 requiring intensive care unit (ICU) level of care were diagnosed
with venous thromboembolism (VTE).'® Sequential autopsies on
26 COVID-19 patients performed at Mount Sinai Health System
revealed that 42% of patients had either pulmonary embolism or
VTE without clinical suspicion prior to their deaths. In addition, four
of the 26 who had autopsies performed required therapeutic antico-
agulation prior to admission for another condition. Although none of
the patients previously on therapeutic anticoagulation had VTE on
autopsy, there was evidence of microthrombi in two of the four." Given
the evidence supporting d-dimer’s utility in anticoagulation dosing and
mortality benefit with prophylactic anticoagulation, one could argue
against checking d-dimer in the population who required therapeutic
anticoagulation prior to admission. Our results suggested that physi-
cians find utility in frequent monitoring of d-dimer. Although there
is significant evidence of VTE being problematic in COVID-19, the
exactrole of d-dimer testing frequency as it relates to VI'E and patient
outcomes is unclear.

The majority of respondents utilized CRP in clinical care to either
aid in steroid dose or duration or workup a secondary infection. A
decrease in the CRP was thought to be the best marker of improve-
ment by some of the providers surveyed. In a review of over 4,000
patients, only 3.6% had a secondary bacterial or fungal infection."
Over 71% of the entire cohort received broad spectrum antibiotics and
065% were admitted to the ICU. On average, a secondary bacterial or
fungal infection was correlated with a maximum CRP of greater than
20 mg/dL. Interestingly, 95% of the respiratory coinfections occurred
inintubated patients and only 6% had a positive bacterial culture prior
to or on the same day of a positive SARS-CoV-2 PCR, suggesting a
potential nosocomial source. Thus, while CRP use was not as frequent
as d-dimer use, targeted use when a secondary infection is suspected
may be useful. Whether this requires daily monitoring is less clear.

There is not compelling evidence in the literature regarding the
use of CRP to guide corticosteroid therapy. The CoDEX clinical trial
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Table 2. Physician utilizations of various COVID-19 inflammatory markers.*

Methodofutlimtion | omse () | duration (s | Anticonsulation () | [ty
d-dimer | Change in management 83.1 0.0 93.8 0.3
Trending inflammation 1.3
Not using 14.3
No response 1.3
Ferritin | Change in management 40.8 62.0 6.5 31.5
Trending inflammation 2.6
Not using 494
No response 1.3
CRP** Change in management 61.0 571 71 35.8
Trending inflammation 39
Not using 33.8
No response 1.3
LDH*** | Change in management 39.0 50.0 13.3 36.7
Trending inflammation 0.0
Not using 59.7
No response 1.3

*Depicting the method of utilization for d-dimer, ferritin, CRP, and LDH as a percentage of the total number of physicians surveyed. Change in management was
split further into steroid dosing/duration, dosing of anticoagulation, and workup of a secondary infection. This is a percent of the group who utilized the lab value

for change in management only.
**CRP = c-reactive protein.
***LDH = lactate dehydrogenase.

Table 3. Obtaining inflammatory markers in "recovered” COVID-19 patients.*

Level of support Obtaining markers Response (%)
Mechanical ventilation Yes 14 43.8
No 18 56.3
N/A 45
Heated high flow nasal canula Yes 30 56.6
No 23 434
N/A 24
Nasal canula Yes 30 39.0
No 47 61.0
N/A 0

*"Recovered” is designated to patients with a prior positive SARS-CoV-2 Polymerase Chain Reaction assay who no longer require isolation. Selections under
N/A represent that a provider does not manage patient requiring that level of support. The percent response does not include the N/A group.
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evaluated ARDS dosed dexamethasone (20 mg for five days followed
by 10 mg for five days) against routine care (no steroid).” The study
was terminated early for ethical reasons after findings of RECOVERY
were published. A metanalysis of seven trials did not show evidence
that higher dose corticosteroid improved mortality over alower dose in
critically ill patients."” None of these studies, however, provided any evi-
dence regarding guiding corticosteroid therapy by CRP as was reported
to be done frequently by our surveyed physicians.

There was no consensus in how LDH or ferritin was utilized among
the physicians surveyed in our study. Though ferritin level on admis-
sion is helpful in determining severity of disease, there is no evidence
to suggest utility of serial monitoring to guide therapeutic decision
making.* The split in responses may be a reflection of the lack of lit-
erature, suggesting its use as a general marker of inflammation.’

Similar to ferritin, the literature was lacking in regard to the role of
LDH outside of prognostication on initial presentation. Most providers
did not feel that measuring LDH was beneficial to patient care.

The institution’s IPAC group designated patients who no longer
require isolation as “recovering”. At TUKHS, this “recovered” status
is defined for immunocompetent patients as 10 days from a positive
test result. Most physicians did not order inflammatory markers on
“recovering” patients requiring supplemental oxygen via nasal cannula
or even mechanical ventilation. A third survey question was presented
considering heated high flow nasal cannula (HHFNC). The data were
disregarded as institutional policy was changed two weeks after the
survey had been distributed. Prior to distribution, HHNFC required
ICU status. The change allowed floor patients meeting certain criteria
to use HHFNC. Majority of providers checked inflammatory markers
on these patients. This may reflect a level of comfort with the clinical
status of the patient or some confusion regarding the differences in
HHENC and high flow nasal cannula, which was previously available
for floor status patients. Most survey respondents valued the inflam-
matory markers in the first 10 days of hospitalization.

Based on the results of the survey and the current available evidence,
it may be reasonable to implement three changes to the current stan-
dard of practice at our institution. It is practical to obtain ferritin and
LDH on admission for prognostication purposes, but frequent moni-
toring is of unclear importance and does not have a significant effect on
patient management. Second, discontinuation of d-dimer monitoring
on patients requiring therapeutic anticoagulation prior to admission
for an underlying condition such as atrial fibrillation, deep vein throm-
bosis, pulmonary embolism, mechanical heart valve, or left ventricular
assist device. Finally, a limitation for daily orders for CRP and d-dimer
to 10 days via the order set with an alternative selection to monitor
less frequently could be considered. Inflammatory markers orders
outside of these parameters would not be restricted but would require
the provider to order the marker as a stand-alone test when it is felt to
be necessary.

5)

By eliminating both LDH and ferritin from the standardized order

set, our hospital system could save over $15 per patient day. This rep-
resents $10,570 savings to our health system during an average week
based upon a COVID-19 inpatient census of around 100 if admitting
physicians do not extend LDH and ferritin outside of the order set.

A strength of this study was the collection of data from the first year
of the pandemic including 2,369 patients at a large tertiary care center
in the Midwest, in addition to physician feedback and financial analy-
sis that were used to modify the existing algorithm for our healthcare
system. This information was timely, when no available guidance for
physicians regarding utility of these inflammatory markers in the man-
agement in COVID-19.

The primary limitations to this study were the relatively small sample
size and response rate. Only 125 physicians were surveyed (focusing on
physicians who cared for the majority of admitted COVID-19 patients)
and of that group only 77 completed the survey. As a result, there was
increased risk for selection bias from practitioners who cared for fewer
COVID-19 patients overall. Two of the groups of surveyed physicians
were also specialists in the fields of Infectious Diseases and Pulmonary
and Critical Care medicine and may have been more aware of research
in the area of COVID-19 related diagnostic and prognostic markers.
Furthermore, this was a single institution which limited practice vari-
ability given a single electronic medical record, a single supervisory
COVID-19 management taskforce, and single specialist group of Infec-
tious Diseases and Pulmonary and Critical Care consultants. Surveying
multiple institutions and limiting the surveys to providers immediately
after completing a service block managing COVID-19 patients may
limit some bias, as would have opening the survey to all physicians at
the institution with admitting privileges. Additionally, correlating the
survey data with true usage information would inform true use pat-
terns better as they relate to therapeutic changes and patient outcomes.
Opening the survey for a more prolonged period may have recruited
more responses from the intended survey group (125 physicians) but
was intended to be brief given the rapid changing climate of COVID-19
related admissions.

If the changes described above are implemented, additional data
related to ICD-10 codes for secondary infections, total length of stay,
1CU length of stay, and mortality before and after an order-set change
intervention could be carried out to monitor for possible effects of
those changes. A cost-savings analysis comparing the number of tests
both directly and indirectly (e.g., computed tomography angiography,
lower extremity ultrasound doppler, sputum culture, blood culture)
related to this study before and after the proposed order set changes
also could be considered.

In conclusion, physicians within our institution who primarily were
managing patients with COVID-19 favored checking d-dimer and CRP
daily for at least three to five days. Most physicians did not utilize fer-
ritin or LDH routinely for inpatient management decisions. Therefore,
as a diagnostic stewardship initiative, the institutional algorithm was
changed after analyzing the ordering pattern through physician survey
responses. Future studies could assess safety outcomes by comparing
one-month mortality and length of hospital stay in the preintervention
and postintervention groups.
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