OBSERVATIONAL STUDY

Are Patients With an International

Classification of Diseases, 10th Edition
Discharge Diagnosis Code for Sepsis Different
in Regard to Demographics and Outcome
Variables When Comparing Those With Sepsis
Only to Those Also Diagnosed With COVID-19
or Those With a COVID-19 Diagnosis Alone?

OBJECTIVES: We analyzed whether patients with the International Classification
of Diseases, 10th Edition (ICD-10) discharge diagnosis code for sepsis are differ-
ent in regard to demographics and outcome variables when comparing those with
sepsis only to those also diagnosed with COVID-19 or those with a COVID-19
diagnosis alone.

DESIGN: Retrospective cohort study.
SETTING: Nine hospitals in an academic health system.

PATIENTS: Patients with a final ICD-10 discharge diagnostic code for sepsis
only, a diagnosis of COVID-19-only, or a final sepsis ICD-10 discharge code + a
diagnosis of COVID-19 admitted to the hospital were analyzed for demographic
and outcome differences between the cohorts.

INTERVENTIONS: None.

MEASUREMENTS AND MAIN RESULTS: A total of 11,395 patients met in-
clusion criteria: 6,945 patients (60.9%) were ICD-10 sepsis code only, 3,294
patients (28.9%) were COVID-19 diagnosis-only, and 1,153 patients (10.1%)
were sepsis ICD-10 code + COVID-19 diagnosis. Comparing sepsis ICD-10
code + COVID-19 diagnosis patients to sepsis ICD-10 code only and COVID-19
diagnosis-only patients, the sepsis ICD-10 code + COVID-19 diagnosis patients
were: older (69 [58-78] vs 67 [56-77] vs 64 [51-76] yr), less likely to be fe-
male (40.3% vs 46.7% vs 49.5%), more frequently admitted to the ICU (59.3%
[684/1,153] vs 54.99% [1,810/3,297] vs 15% [1,042/6,945]), more frequently
required ventilatory support (39.3% [453/1,153] vs 31.8% [1,049/3,297] vs
6.0% [417/6,945]), had longer median hospital length of stay (9 [5,16] vs 5 [3,8]
vs 7. [4,13] d), and were more likely to die in the hospital (39.2% [452/1,153] vs
22.3% [735/3,297] vs 6.4% [444/6,945]).

CONCLUSIONS: During the COVID-19 pandemic the sickest cohort of patients
was those receiving an explicit ICD-10 code of sepsis + a COVID-19 diagnosis. A
significant percentage of COVID-19 diagnosis-only patients appear to have been
under-coded as they received a level of critical care (ICU admission; intubation)
suggestive of the presence of acute organ dysfunction during their admission.
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Question: In this study, patients with a final
International Classification of Diseases, 10th
Edition (ICD-10) discharge diagnostic code for
sepsis only, a diagnosis of COVID-19-only, or
a sepsis ICD-10 code + a COVID-19 diagnosis
admitted to the hospital were analyzed for out-
come differences between cohorts.

Findings: We found that the sickest cohort of
patients was those receiving a final discharge di-
agnostic code of sepsis + a COVID-19 diagnosis.
A small but significant percentage of COVID-
19 diagnosis-only patients appear to have been
under-coded as they received a level of critical
care (ICU admission; intubation) suggestive of the
presence of acute organ dysfunction and many
received a secondary ICD-10 code for a specific
acute organ dysfunction.

Meanings: These findings have implications for
optimal surveillance, detection, and management
of severe COVID-19 patients.
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dysfunction (AOD) caused by a dysregulated

host response to infection, is common and
deadly (1), with approximately 2,000,000 cases an-
nually in the United States and in-hospital mortality
between 15 and 20% (2). Early detection, risk stratifi-
cation, and treatment are key to improving outcomes
and reversing AOD (3-7). Since the first International
Sepsis Definitions were published in 1992, the patho-
gens causing infections leading to sepsis have included
bacteria, viruses, fungi, and parasites (8).

Despite this shared pathophysiologic rationale,
there has been resistance from many clinicians to
consider severe viral infections characterized by life-
threatening AOD as “viral sepsis.” Time to appropriate
antimicrobials has been central to optimal treatment
strategies for sepsis and part of the controversy about
viral sepsis stems from the lack of an analog in treat-
ing severe viral infections, which undermines the con-
cept of “a time-sensitive disease (9-12).” This ongoing
lack of consensus became particularly clear during
the early months of the severe acute respiratory syn-
drome coronavirus 2 pandemic. For example, Li et al

Sepsis, defined as life-threatening acute organ
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(13) hypothesized “that a process called viral sepsis is
crucial to the disease mechanism of COVID-19,” and
includes T cell exhaustion, cytokine-driven inflamma-
tion, coagulation and fibrinolysis, and multiple organ
failure (14-16). However, guidelines for the manage-
ment of COVID-19 issued by The Surviving Sepsis
Campaign make no mention of viral sepsis (17), which
may limit consensus on best practices for COVID-19
management (18). A meta-analysis found a pooled
estimate of the prevalence of sepsis in COVID-19
cohorts in the ICU of 77.9% and on general wards of
33.3% (19).

The primary objective of this study was to under-
stand differences, including demographics, comorbid-
ities, clinical profiles, and hospital outcomes between
patients receiving an International Classification of
Diseases, 10th Edition (ICD-10) discharge code for
severe sepsis or septic shock only, a COVID-19 diag-
nosis-only, or an ICD-10 discharge code for sepsis +
a COVID-19 diagnosis. We hypothesized that patients
with a sepsis ICD-10 code + a COVID-19 diagnosis
would have higher disease severity and in-hospital
mortality than those with a sepsis ICD-10 code only
or a COVID-19 diagnosis-only. Our primary out-
come measure was in-hospital mortality. Secondary
outcomes included potential under-coding in the
COVID-19-only cohort (evidenced by ICU admission
or need for mechanical ventilation during the hospital
admission), presence of AOD, inpatient length of stay
(LOS), ICU LOS, and discharge to home.

Study Design and Methods

This is a retrospective cohort study that used inpa-
tient Electronic Medical Record (EMR) data from nine
hospitals in an academic health system with patients
admitted to the hospital between March 12, 2020, and
April 18, 2021, and was approved by and performed in
accordance with the ethical standards set by Thomas
Jefferson University (TJU)’s institutional review board
(approval date, August 0, 2021; number 20E.793)
in expedited review with waiver of informed con-
sent and performed in accordance with the Helsinki
Declaration of 1975. Using ICD-10 discharge codes for
sepsis and a diagnosis of COVID-19, we extracted all
COVID-19 and sepsis patients during the study period
and grouped them into three nonoverlapping groups:
sepsis ICD-10 code only; COVID-19 diagnosis-only;
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and a sepsis ICD-10 code + a COVID-19 diagnosis.
Sepsis patients were defined by the explicit discharge
ICD-10 diagnostic codes of R65.20 (severe sepsis
without septic shock) or R65.21 (severe sepsis with
septic shock). COVID-19 positivity was defined by
the TJU health system-wide definition of COVID-19
infection, which was defined by a COVID task force
at the start of the pandemic and revised after the
COVID-19 ICD-10 code became available: 1) positive
COVID-19 test within 21 days of or during the hos-
pital admission, 2) confirmed COVID-19 infection
documented in the EMR within 21 days of or during
the hospital admission, or 3) ICD-10 U07.1 (COVID-
19) code listed in the discharge diagnoses (starting
October 1, 2020). We also collected infection codes
(Supplemental eTable 1, http://links.lww.com/CCX/
B240) and AOD codes (Supplemental eTable 2, http://
links.lww.com/CCX/B240) for all patients. Patient
demographics, inpatient encounter information, dis-
charge diagnoses, laboratory results, and clinical find-
ings were collected, reviewed for clinical relevance and
plausibility, and processed for analysis. Using patient
discharge diagnosis data, we collected each patient’s
Charlson comorbidity conditions and calculated their
Charlson Comorbidity Index (CCI) based on the study
by Quan et al (20) modification of the CCI using ICD-
10 codes. The EMR generates clinical flow sheets for
bedside patient care. These flow sheets include vital
signs, laboratory results, comorbidities, medications,
allergies, and demographic information. The data on
the clinical flow sheets automatically generate clin-
ical severity scores including the Modified Early
Warning Score (MEWS), modified Sequential Organ
Failure Assessment (mSOFA) score, and the LACE
(Length of Stay, Acute Admission [Yes/No], Charlson
Comorbidity Index, and number of ED visits in past 6
months [excluding the current one]) score.
Descriptive statistics were calculated for all study
measures. We compared patient outcomes, demo-
graphic characteristics, comorbidities, laboratory
result values, and clinical findings across the three
patient groups. All laboratory results are the median
value of all the values available during the hospital
stay. We also extracted 30 clinical findings from the
clinical flow sheets and compared them across the
three cohorts. Continuous variables were calculated
as medians and compared using the Student ¢ test. We
assessed for extreme outliers and used an F test to test
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equality of the two groups’ variance. If equal variance
was not rejected, the pooled ¢ test was used for mean
difference testing; if equal variance was rejected, the
Satterthwaite ¢ test was used. p values of less than 0.05
were considered statistically significant. Categorical
variables were calculated as percentages and com-
pared by using the Chi-square test. Assumptions for
the use of Chi-square testing including independence
and mutual exclusiveness were met. Using in-hospital
mortality and discharge to home as separate outcome
variables, we estimated multivariable logistic regres-
sion models using backward variable selection with
a p value of 0.05 for each patient group. This was an
exploratory correlation analysis to identify any sig-
nificant risk factors being related to the outcomes in
each cohort and identify any differences across the
three cohorts. The covariate variables included patient
demographics, encounter information, admission vital
signs, and comorbidities. C-statistics or receiver oper-
ating characteristic curves were used to evaluate the
potential predictive value of risk factors for in-hospital
mortality or discharge to home. No imputation was
performed for the multivariate logistic models. The
majority of variables were coded as 0 or 1; for example,
if a patient had had a myocardial infarction, this was
coded 1; if they had not, it was coded as 0. For each
multivariable logistic model, we reported our results
in terms of estimated odds ratios (OR), associated p
values, and C-statistics from each cohort. All data pro-
cessing and statistical analyses were performed using
SAS 9.4 (SAS Institute Inc., Cary, NC).

RESULTS

Categories

During the study period 130,528 patients were admit-
ted to the nine hospitals and we identified a total of
11,395 hospitalized patients who met inclusion cri-
teria. Of these, 3,297 patients (28.9%) had a sepsis
ICD-10 code only; 6,945 patients had a COVID-19
diagnosis-only (61%); and 1,153 patients had a sepsis
ICD-10 code + a COVID-19 diagnosis (10.1%).

Demographics and Admission Information

The median age of the sepsis ICD-10 code + a COVID-
19 diagnosis patients was 69 years (58-78), which was
significantly older than the sepsis ICD-10 code only
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(67 yr [56-77]; p = 0.0016) or COVID-19 diagnosis-
only (64 yr [51-76]; p < 0.0001) patients (Table 1). A
lower percentage of patients in the sepsis ICD-10 code
+ a COVID-19 diagnosis cohort were female (40.3%
[465/1,153]) than in the sepsis-only ICD-10 code or
COVID-19 diagnosis-only cohorts (46.7 [1,539/3,297],
p =0.0002vs 49.5% [3,435/6,945], p < 0.0001). The vast
majority of patients were admitted through the emer-
gency department (ED): 98.9% [1,140/1,153] in the
sepsis ICD-10 code + a COVID-19 diagnosis cohort,

TABLE 1.

which was higher than the sepsis ICD-10 code only
and the COVID-19 diagnosis-only cohorts (94.3%
[3,109/3,297], p < 0.0001 vs 93.5% [6,492/6,945]; p <
0.0001).

Comorbidities

The median CCI in the sepsis ICD-10 code-only co-
hort was 2 (1-4), which was significantly higher than
the sepsis ICD-10 code + a COVID-19 diagnosis

Patient Demographic and Encounter Profile Comparison

Cohort A: Sepsis-Only
(n = 3,297)

Variable

Age, yr, median (interquartile 67 (56.0-77.0)

range)

1,539 (46.7%)

1,200 (36.4%)

1,131 (34.3%)
471 (14.3%)
268 (8.1%)

2,215 (67.2%)
785 (23.8%)

Female

Marital status—married
Marital status—single
Marital status—widowed
Marital status—divorced
Race—White

Race—African American

Race—Hispanic 108 (3.3%)
Race—Asian 126 (3.8%)
Advanced directive—yes 375 (11.4%)
.3%)
20 < Patient age < 30 2.5%)
30 < Patient age < 40 201 (6.1%)
40 < Patient age < 50 255 (7.7%)

50 < Patient age <60
60 < Patient age < 70
70 < Patient age < 80
80 < Patient age <90
Patient age > 90

493 (15.0%)
794 (24.1%)
802 (24.3%)
480 (14.6%)
179 (5.4%)

Admission type—emergency 3,109 (94.3%
1,373 (41.6%

)

Medicare )
785 (23.8%)
)

)

(
(
(
(
(
(
(
(
(
(
10 < Patient age < 20 9 (0
3 (
(
(7
(
(
(
(
(
(
(
Medicare—managed care (
428 (13.0%
536 (16.3%

86 (2.6%)

Managed care
Medicaid—managed care
Medicaid

Cohort B: COVID-19-
only (n = 6,945)

Cohort C: Sepsis +
COVID-19 (n = 1,153)

64 (51.0-76.0) 69 (58.0-78.0)

3,435 (49.5%) 465 (40.3%)

2,596 (37.4%) 465 (40.3%)

2,436 (35.1%) 346 (30.0%)
960 (13.8%) 175 (15.2%)
462 (6.7%) 87 (7.5%)

3,680 (53.0%)
2,152 (31.0%)
491 (7.1%)
485 (7.0%)
433 (6.2%)

638 (55.3%)
329 (28.5%)
56 (4.9%)
108 (9.4%)
117 (10.1%)

44 (0.6%) 0 (0.0%)
289 (4.2%) 17 (1.5%)
536 (7.7%) 52 (4.5%)
704 (10.1% 85 (7.4%)

1,171 (16.9%

)

) 155 (13.4%)
1,490 (21.5%)

)

)

285 (24.7%)
313 (27.1%)
187 (16.2%)
59 (5.1%)
1,140 (98.9%)
455 (39.5%)
278 (24.1%)
198 (17.2%)
141 (12.2%)
44 (3.8%)

1,389 (20.0%
964 (13.9%
356 (5.1%)

6,492 (93.5%

2,209 (31.8%

1,663 (22.5%

1,563 (22.5%

1,070 (15.4%)
233 (3.4%)

)
)
)
)

2n = number of patients.
Student t test was used for age. x? was used in all other measures.
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cohort (2 [1-3]; p < 0.0001) or the COVID-19 diag-
nosis-only cohort (1 [0-2]; p < 0.0001) (Table 2).
Patients in the sepsis-only cohort had significantly
higher percentages of all 17 Charlson comorbidities
than patients in the COVID-19 diagnosis-only cohort;
in comparison, differences between the sepsis ICD-10
code only and sepsis ICD-10 code + a COVID-19 di-
agnosis cohorts varied from comorbidity to comor-
bidity (Supplemental eTable 3, http://links.lww.com/
CCX/B240).

TABLE 2.

Clinical and Administrative Data

The median admission BMI ranged from 26.8 [22.7-
32.8] kg/m? for the sepsis-only cohort to 28.4 [24.0-
34.3] kg/m?* for the sepsis ICD-10 code + a COVID-19
diagnosis and 28.8 [24.8-34.3] kg/m?* for COVID-19
diagnosis-only cohorts (Table 2). A low BMI (< 25kg/
m?) was most common in the sepsis ICD-10 code
only cohort (42.5% [1,402/3,297]) compared to the
COVID-19-only diagnosis or sepsis ICD-10 code + a

Clinical Variables and Patient Outcomes Comparison

Cohort A: Cohort B:

Sepsis-Only

(n = 3,297)°

(n = 6,945)

Outcome Measure

735 (22.3%)
1,810 (54.9%)
1,049 (31.8%)

607 (18.4%)
1,405 (42.6%)

444 (6.4%)
1,042 (15.0%)
417 (6.0%)
3,514 (50.6%)
514 (7.4%)

In-hospital mortality
Admitted to ICU
Ventilation

Home discharge

ICD-10 Code for
infection

ICD-10 Code for acute
organ dysfunction

3,109 (94.3%) 514 (7.4%)

IP length of stay, days 7 (4-13)° 5 (3-8)°

ICU length of stay, 3 (1-5)° 2 (1-6)°
days

Charlson Comorbidity 2 (1-4)° 1 (0-2)°

Index, n (mean)®

Admission SBP,
mm Hg

120 (101-141)°

Admission diastolic
blood pressure,
mm Hg

Admission SBP
< 120mm Hg

Admission BMI, kg/m?
Admission BMI < 25
Admission BMI > 35

66 (56-79)° 73 (64-83)°

1,651 (50.1%) 2,027 (29.2%)

26.8 (22.7-32.8)°
1,402 (42.5%)
590 (17.9%)

2,097 (30.2%)
1,619 (21.9%)

COVID-19-Only Sepsis + COVID-

132 (117-148)°

28.8 (24.8-34.3)°

Cohort C: Compare
Cohort A

vs. B

Compare
Cohort A
vs C

Compare
Cohort B

19 (n =1,153) vs C

452 (39.2%) < 0.0001 <0.0001 < 0.0001
684 (59.3%) < 0.0001 0.0092 < 0.0001
453 (39.3%) < 0.0001 <0.0001 < 0.0001
254 (22.0%) < 0.0001 0.0074 < 0.0001
232 (20.1%) < 0.0001 <0.0001 < 0.0001
1,131 (98.1%) < 0.0001 <0.0001 < 0.0001
9 (6-16)° < 0.0001 <0.0001 < 0.0001
4(1-10) 0.4324 <0.0001 < 0.0001

2 (1-3)° < 0.0001 <0.0001 < 0.0001
127 (110-143)> < 0.0001 <0.0001 < 0.0001
70 (60-81)° < 0.0001 <0.0001 < 0.0001
454 (39.4%) < 0.0001 <0.0001 < 0.0001
28.4 (24.0-34.3)° < 0.0001 < 0.0001 0.2654
366 (31.7%) < 0.0001 < 0.0001 0.2897
245 (21.2%) < 0.0001 0.012 0.6351

IP = In-Patient, SBP = systolic blood pressure.
2n = number of patients.
®Median and interquartile range.

Charlson Comorbidity Index (CCI), which measures the number of comorbidity conditions that a patient has (see eTable 2, http://links.

lww.com/CCX/B240, for details of individual comorbidities).

¥? was used for I[P mortality, ventilation, admitted to ICU, home discharge, and BMI. Student t test was used for CCl, IP length of stay and

ICU length of stay.
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COVID-19 diagnosis cohorts (30.2% [2,097/6,945] vs
31.7% [366/1,153]); a high BMI (= 35kg/m?) was more
common in the COVID-19 diagnosis-only (21.9%
[1,519/6,945]) and sepsis ICD-10 code + a COVID-
19 diagnosis (21.2% [245.1,153]) cohorts compared
with the sepsis-only ICD-10 code (17.9% [590/3,297])
cohort. The median admission systolic and diastolic
blood pressures in the COVID-19 diagnosis-only co-
hort were significantly higher than those in sepsis
ICD-10 code + a COVID-19 diagnosis cohort, which
in turn were significantly higher than those in sepsis
ICD-10 code only cohort.

We extracted and evaluated 59 laboratory results
across the three cohorts (Supplemental eTable
4, http://links.lww.com/CCX/B240); the median
values of the 19 most clinically relevant are reported
(Table 3). The most clinically relevant differences

TABLE 3.

in laboratory values included (comparing sepsis
ICD-10 code only vs COVID-19 diagnosis-only vs
sepsis ICD-10 code + a COVID-19 diagnosis co-
hort): blood urea nitrogen: 26.4 vs 19.0 vs 32.1 mg/
dL, creatinine: 1.2 vs 0.9 vs 1.2mg/dL, WBC: 11.9
vs 7.2 vs 10.1x10°% and lactate: 2.2 vs 1.5 vs 1.9
mmol/L.

We also extracted 30 clinical findings from the clin-
ical flow sheets and compared them across the three
cohorts. The 10 most clinically relevant variables are
presented (Table 4) and include (comparing sepsis-
only vs COVID-19 diagnosis-only vs sepsis ICD-10
code + a COVID-19 diagnosis): mean arterial pressure:
83 (77-91) vs. 90 (84-97) versus 86 (80-92) mm Hg,
Glasgow Coma Scale (GCS): 14 (11-15) versus 15 (14-
15) versus 13 (10-15), MEWS: 4.6 (3.1-6.8) versus 3.2
(2.1-4.7) versus 6.1 (4.3-7.9), mSOFA: 3 (1-6) versus

Comparison of Laboratory Results by Patient Type

Cohort A: Sepsis-Only

(n = 3,297)°

Cohort B: COVID-19-
Only (n = 6,945)

Cohort C: Sepsis+
COVID-19 (n = 1,153)

Laboratory Measure Median (IQR)

Median (IQR) Median (IQR)

Carbon dioxide, mmol/L
Anion gap

Blood urea nitrogen, mg/dL
Creatinine, mg/dL

Estimated glomerular filtration rate,

non-African American

Estimated glomerular filtration rate,

African American
Glucose, mg/dL
WBC count, x10°
Hemoglobin, g/dL
Hematocrit, %
Platelet, x10°
Lactate, mmol/L
C-reactive protein, mg/dL
p-dimer, ng/mL
International Normalized Ratio
Ferritin, ng/mL
Bicarbonate, mmol/L
Base excess, mmol/L

Base deficit, mmol/L

23 (20 to 25)

11 (9 to 14)

26 (17 to 43)

1.2 (0.8 to 2.0)
51.5 (31.6 to 59.9)

55.8 (37.7 to 60.0)

127 (109 to 164)
11.9 (8.7 to 15.7)

9.7 (8.4 to 11.5)
30.3 (26.5 to 35.4)
221 (150 to 306)

2.2 (1.6 t0 3.2)

12 (6.9 to 19.7)
990 (12.4 to 3,308.0)

1.3 (1.2to0 1.6)
396 (172.0 to 912.0)
21.5 (18.0 to 25.1)

1 (-8.9 to 3.8)
5.4 (2.9 to 9.1)

24 (22 to 26)

11 (10to 13)

19 (13 to 29)

0.9 (0.7 to 1.3)
59.9 (50.0 to 60.0)

3 (22 to 25)
2 (10 to 14)

2 (0.9 to 2.0)
2 (33.4 to 59.9)

(
(
2 (20 to 50)
(
(

60 (56.0 to 60.0) 56.3 (39.3 to 60.0)
124 (106 to 162) 151 (121 to 197)
7.2 (5.4 t0 9.7) 10.1 (7.5 to 14.1)
12.1 (10.5 to 13.4) 11.3 (9.3 to 12.9)
36.8 (32.2 to 40.3) 34.6 (29.2 to 39.3)
227 (173 to 293) 224 (163 to 289)
1.5(1.2t0 1.9) 9 (1.5t0 2.9)
5.1 (2.2 t0 9.2) 4 (5.5t0 15.4)
192.5 (1.5 to 490.5) 200.3 (2.3 to 1,139.3)
1.2 (1.1 t0 1.3) 2(1.1to 1.4)
4479 (202.0 to 910.5) 730 (335.0 to 1,482.0)
24.3 (21.5 to 28.0) 23.8 (20.7 to 27.5)
1.6 (-1.1 to 4.4) 2 (-2.4t0 4.3)
3 (1.6 to 5.5) 4 (2.3 t0 6.0)

2n = number of patients.
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TABLE 4.

Comparison of Clinical Findings from Flowsheet by Patient Type

Cohort A: Sepsis-
Only (n = 3,297)?

Finding Measure (Units)

Cohort B: COVID-19-
Only (n = 6,945)

Cohort C: Sepsis +
COVID-19 (n = 1,153)

Median (Interquartile range)

Mean arterial pressure (mm Hg) 83 (77-91)
LACE ScoreP 9 (7-11)
LACE+ Score® 63.8 (52.3-72.5)
Modified Early Warning Score 4.6 (3.1-6.8)
Glasgow Coma Scale (3—15) 14 (11-15)
Pain rating at rest (0—10) 1 (0-4)
Modified Sequential (Sepsis) Organ 3.1 (1.3-5.5)

Failure Assessment Score

Braden Score

14.6 (12.0-18.0)

90 (84, 97) 86 (80-92)
8 (7-10) 9 (8-11)
57.6 (42.7-69.4) 60.9 (47.5-70.9)
3.2 (2.1-4.7) 6.1 (4.3-7.9)
15 (14-15) 13 (10-15)
0 (0-2) 0 (0.0-1)
1(0.2-2.4) 3.7 (1.7-6.3)

19.7 (16.3-21.0) 14.3 (12.0-18.7)

2n = number of patients.

L ACE Score = LACE Index for Readmission, LACE = Length of Stay; Acute (Emergent) Admission; Charlson Comorbidity Index;
Number of Emergency Department visits within 6 months (not including the current one).

‘LACE + Score = modified LACE Index for readmission.
Student t test was used for all clinical finding measures.

1 (0-2) versus 4 (2-6), and LACE: 9 (7-11) versus 8
(7-10) versus 9 (8-11).

Outcomes

During the study period in-hospital mortality was
3.52% (4,596/130,528) for all patients admitted to
the nine hospitals. In the study cohort 1,631 patients
died, for an in-hospital mortality rate of 14.3%, 31.0%
(3,536/11,395) were admitted to the ICU, 16.8%
(1,919/11,395) required mechanical ventilation, mean
inpatient LOS was 8.9 days, and 34.8% (3,966/11,395)
were discharged to home. In-hospital mortality was
39.2% (452/1,153) for the sepsis ICD-10 code + a
COVID-19 diagnosis cohort, which was 75% higher
than the mortality rate for sepsis ICD-10 code only
patients (22.3% [735/3,297]) and more than six times
higher than for a COVID-19 diagnosis-only patients
(6.4% [444/6,945]) (Table 2 and Fig. 1). ICU admis-
sion in the sepsis ICD-10 code + a COVID-19 diag-
nosis cohort was significantly higher than in the sepsis
ICD-10 code only cohort (59.3% [684/1,153] vs 54.9%
[1,810/3,297]) and both significantly exceeded the
15% [1.042/6,945] ICU admission rate of COVID-19
diagnosis-only cohort. Assignment of a specific infec-
tion ICD-10 code was significantly more common in

Critical Care Explorations

the sepsis ICD-10 only code patients than in the sepsis
ICD-10 code + COVID-19 diagnosis patients and was
significantly more common in both when compared
to the COVID-19 diagnosis-only patients (42.6%
[1,405/3,297] vs 20.1% [232/1,153] vs 7.4% [514/6,945];
p < 0.0001). Further, assignment of a specific AOD
ICD-10 code was significantly more common in the
sepsis ICD-10 only and sepsis ICD-10 code + COVID-
19 diagnosis patients compared with the COVID-
19 diagnosis-only patients (94.3% [3,109/3,297] vs
98.1% [1,131/1,153] vs 7.4% [514/6,945]; p < 0.0001).
Mechanical ventilation in the sepsis ICD-10 code +
COVID-19 diagnosis cohort was significantly higher
than in the sepsis ICD-10 code only cohort (39.3%
[453/1,153] vs 31.8% [1.049/3,297]), and both signit-
icantly exceeded the 6% [417/6,945] of the COVID-
19 diagnosis-only cohort. Median inpatient LOS was
longer in the sepsis ICD-10 code + COVID-19 diag-
nosis cohort than the sepsis ICD-10 code only and
COVID-19 diagnosis-only cohorts (9 [5-16] vs 5 [3-8]
vs 7. [4-13] d). Median ICU LOS in the sepsis ICD-10
code + COVID-19 diagnosis cohort was longer than in
the sepsis ICD-10 code only and COVID-19 diagnosis-
only cohorts (4 [1-10] vs 2 [1,6] vs 3 [1-5] d). In the two
COVID-19 cohorts combined, 21.3% required ICU
level care, COVID-19 diagnosis-only patients had the
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respectively), but was not
significant for the sepsis-
only cohort. Compared to
patient admission BMI less
than or equal to 25, higher
BMI patients had lower OR
of mortality in the sepsis
ICD-10  code-only co-
hort. In contrast, sepsis +
COVID-19 diagnosis
patients with a BMI greater
than or equal to 35 had a
significantly higher OR of
mortality when compared
to those with lower BMIs
(OR 1.7, p = 0.002).
Discharge to Home.
Older age groups were neg-

Cohort A: Sepsis only
m Cohort B: COVID only
m Cohort C: Sepsis and COVID

Figure 1. Outcome variables between cohorts.

highest rate of home discharge compared with sepsis
ICD-10 code + COVID-19 diagnosis patients and
sepsis ICD-10 code only patients (50.6% [3,514/6,945]
vs 22% [254/1,153] vs 18.4% [607/3,297]). The 15% ad-
mission rate to the ICU in the COVID-19 diagnosis-
only group suggests that approximately 1,050 patients
were under-coded and potentially met criteria for an
explicit sepsis code.

Multivariable Logistic Regression Analysis

In-Hospital Mortality. The results of the multivariable
logistic regression indicate that age, comorbidities and
vital signs correlated with in-hospital mortality across
the three cohorts (Supplemental eTable 5, http://links.
lww.com/CCX/B240). When compared to younger
age groups for sepsis ICD-10 code only patients, less
than 50-year-old patients for the COVID-19 diagno-
sis-only cohort, and less than 40-year-old patients for
the sepsis ICD-10 code + a COVID-19 diagnosis co-
hort, the OR of in-hospital mortality increased signifi-
cantly for each ten-year increase in age. Female gender
correlated with survival (OR 0.8, p = 0.015) in the
COVID-19 diagnosis-only cohort but was not signif-
icant in the other two cohorts. African American race
was correlated with survival in the COVID-19 diag-
nosis-only and sepsis ICD-10 code + COVID-19 diag-
nosis cohorts (OR 0.7, p = 0.016 and OR 0.7, p = 0.043,
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atively correlated with being
discharged to home across
the three cohorts and the
likelihood decreased as age increased (Supplemental
eTable 6, http://links.lww.com/CCX/B240]. Being mar-
ried, Asian race, and having a higher BMI positively
correlated with discharge to home for all three cohorts.
Compared to White patients, African American
patients were more likely to be discharged to home in
the COVID-19 diagnosis-only and sepsis ICD-10 code
+ COVID-19 diagnosis cohorts as were patients of
Hispanic race in the COVID-19 diagnosis-only cohort.

DISCUSSION

We found significant differences between patients
assigned a sepsis-only ICD-10 code at hospital dis-
charge versus those also diagnosed with COVID-19
versus those diagnosed only with COVID-19 in terms
of demographics, comorbidities, hospital care, cod-
ing, and outcomes. Patients with a sepsis ICD-10 code
+ a COVID-19 diagnosis had the highest disease se-
verity and highest in-hospital mortality and patients
with only a diagnosis of COVID-19 had the lowest
disease severity and best outcomes. This leads to the
conclusion that the involvement of sepsis in COVID-
19 infection is associated with a sicker patient popula-
tion with worse outcomes and is reflected in charting
for disease severity that is sufficient to lead to a dis-
charge diagnosis of sepsis accompanying a diagnosis
of COVID-19.
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However, within the COVID-19 diagnosis-only
cohort there existed a subset of patients experienc-
ing a viral-induced acute multi-organ dysfunction
very similar to the patients in the sepsis ICD-10 code
+ a COVID-19 diagnosis cohort as identified by ICU
admission (15%) and intubation (6.2%). In our two
COVID-19 cohorts, 21.3% required ICU-level care,
which is consistent with the findings of Wiersinga et
al, who reported that 20% of hospitalized COVID-19
patients require ICU care (21). These findings present
an opportunity to more accurately code patients expe-
riencing virally-induced immune system dysregula-
tion and associated AOD. More accurate classification
would lead to more accurate description of the epide-
miology, burden of disease, and costs associated with
the COVID-19 pandemic. Guidelines for what defines
a sepsis patient need to be amended to account for the
increasing prevalence of viral-induced sepsis (13).

A disconnect between clinical severity and ICD
codes assigned to a specific hospitalization epi-
sode has been reported before. In a cohort of sepsis
patients, Whittaker et al (22) demonstrated that there
were shortcomings in documentation and under-
coding such that only 20.5% of patients with severe
sepsis and 49.5% of patients with septic shock re-
ceived a severe sepsis-specific ICD code. Factors as-
sociated with receiving the proper codes included
older age, higher initial lactate level, and ICU admis-
sion. This disconnect has also been demonstrated in
COVID-19 patients. Using chart review, the study by
Shappell et al (23) found that a COVID-19 ICD-10
discharge diagnostic code had only a fair positive pre-
dictive value (74%) for an acute COVID-19 infection
as the primary or secondary reason for admission.
Similarly, we found that patients with sepsis ICD-
10 code + COVID-19 diagnosis had lower systolic
blood pressure, higher initial lactate level, increased
ICU admission, and higher baseline disease severity
(GCS, MEWS scores) when compared to COVID-19
diagnosis-only patients.

There were significant granular differences inpa-
tient demographics and comorbidities across the three
cohorts, including age, diabetes, and obesity. The sepsis
ICD-10 code only and sepsis ICD-10 code + COVID-
19 diagnosis classifications were more likely to occur in
older age groups and older age was an important risk
factor for in-hospital mortality, findings supported by
published analyses of sepsis and COVID-19 literature

Critical Care Explorations

reviews (24, 25). Diabetes was significantly associated
with mortality in COVID-19 diagnosis-only patients
and decreased discharge to home in both sepsis ICD-
10 only and COVID-19 diagnosis-only patients, which
may reflect an increased susceptibility to and severity
of sepsis in diabetic patients (26, 27). Finally, morbid
obesity (BMI > 35) was significantly associated with
mortality in the sepsis ICD-10 code + a COVID-19
diagnosis (OR, 1.7) cohort only. A meta-analysis of
COVID-19 studies found that patients with obesity
were at a significantly increased risk of COVID-19
infection and severe disease (28); in addition, an ele-
vated BMI increases a patient’s susceptibility to severe
COVID-19, subsequent sepsis, and mortality (29).

We also found that sepsis ICD-10 code-only patients
had more comorbid conditions than the sepsis ICD-
10 code + COVID-19 diagnosis patients, which may
suggest that many deaths in septic patients are due to
underlying comorbidities (e.g., heart failure, cancer)
rather than sepsis itself (30). In contrast, the opposite
may be true for sepsis + COVID-19 diagnosis patients
who had fewer comorbidities: their mortality may be
due primarily to the severity of their COVID-19.

This study has several limitations. First, we did not
review the clinical notes for any patients including
COVID-19 diagnosis-only patients, and do not know
if sufficient documentation of sepsis and AOD was
recorded to justify ICD-10 codes for severe sepsis
or septic shock. Second, because our study was per-
formed in a single health system, it is unclear whether
our findings are generalizable to other health systems,
with different resources and different COVID-19 case
definitions. However, we included data from nine di-
verse hospitals, ranging from smaller community
hospitals to large tertiary academic hospitals so the
presented data reflect a large percentage of U.S. hos-
pital sepsis and COVID-19 admissions. Third, since
we did not perform manual chart reviews, we do not
know if COVID-19 was a primary or secondary fac-
tor in a patient’s admission or an incidental finding
(23). However, the study period spans the first and
second waves of the COVID-19 pandemic when pri-
mary COVID-19 admissions increased significantly.
Fourth, we did not extract individual chart-level data
investigating bacterial coinfection or secondary in-
fection and are not able to report their specific con-
tribution to disease severity in our sepsis ICD-10
code + COVID-19 diagnosis cohort. Fifth, we used
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an adjudicated institutional definition of COVID-19
diagnosis because the COVID-19 ICD-10 code was
not available until October 1, 2020, and our study
period started on March 12, 2020, when the first
COVID-19-positive patients were seen at our hos-
pitals. There is a limitation to this approach as it is
unclear how variable the assignment of the different
ICD-10 codes is depending on the primary etiology
of infection. However, this was the most inclusive
approach to answer our research question—what
similarities exist between the sepsis ICD-10 only, the
COVID-19 diagnosis-only, and the sepsis ICD-10 +
COVID-19 diagnosis cohorts? Finally, because a large
number of comparisons were made between groups
and variables within groups in the article, statistical
results are susceptible to the problem of multiple
comparisons, with some results being statistically
significant simply because of the volume of calcula-
tions performed. However, we limited our primary
and secondary outcomes to a few central questions
and these results are not hampered by the multiple
comparisons problem; also, we only reported p values
for these central analyses.

Interpretation

During the first year of the COVID-19 pandemic, the
sickest cohort of patients was those receiving A small
but significant percentage of COVID-19 diagnosis-
only patients appear to have been under-coded as they
received a level of critical care (ICU admission; intuba-
tion; high mSOFA score) suggestive of the presence of
AOD. Correct categorization of these patients would
more objectively describe the burden of disease associ-
ated with the COVID-19 pandemic and help clinicians
and hospitals with disaster preparedness.
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