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Clinical and Laboratory Profile of COVID-19 Pneumonia
Patients With a Complicated Post-Intensive Care
Unit Hospital Course
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Abstract

Background: Characteristics of intensive care unit (ICU) down-
grades who experience a complicated post-ICU ward course (ICU
return or floor death) and the incidence of this phenomenon have
not been examined in ICU survivors of coronavirus disease 2019
(COVID-19) pneumonia. The aim of the present study was to estab-
lish the rate of a complicated post-ICU ward course among survivors
of COVID-19 pneumonia and describe the associated patient, ICU
management, and serum biomarker characteristics. An additional aim
was to compare these parameters between those who experienced a
complicated post-ICU course and those who did not.

Methods: This was a retrospective study of patients who were admit-
ted to the ICU with COVID-19 pneumonia and were downgraded to a
hospital floor at the end of their initial ICU stay. Patients were divided
based on a complicated or uncomplicated post-ICU course. Groups
were compared with respect to relevant clinical variables. Serum bio-
marker levels were compared on day of ICU exit and were trended in
the days preceding the downgrade. Ward stay of patients who had a
complicated course was examined for notable floor events surround-
ing their decompensation.

Results: Eighteen out of 99 downgraded patients (18%) experienced
a complicated post-ICU course, among them there were 14 returns
(14%) and four deaths (4%). They had higher Charlson Comorbid-
ity Index, higher Acute Physiology and Chronic Health Evaluation
(APACHE) 1V score, as well as higher D-dimer and C-reactive pro-
tein (CRP) at ICU departure. They were less likely to have received
therapeutic anticoagulation and convalescent plasma during their ICU
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stay. On multivariable analysis, these parameters except D-dimer re-
mained independently associated with a complicated course. Review
of biomarker trends preceding ICU exit demonstrated an upward
trajectory of D-dimer, CRP, and lactate dehydrogenase (LDH) in the
complicated course group not mirrored by the uncomplicated course
group. Examination of notable floor events leading up to decompen-
sation revealed that in 50% the ward course was characterized by new
cardiac disturbances.

Conclusions: Our rate of ward death among ICU downgrades was
similar to pre-COVID data, but the rate of ICU return was higher.
Complicated post-ICU course patients were exhibiting upward bio-
marker trends at ICU exit, and their ward stay was punctuated by
acute cardiac abnormalities.

Keywords: Hospital course; Complicated; Readmission; Intensive
care unit; COVID-19; Coronavirus

Introduction

There is no paucity of studies reporting the patient character-
istics, risk factors, and clinical predictors of readmission to
the intensive care unit (ICU) following transfer to the hospital
ward [1-9]. Some of these studies limited their primary end-
point to readmissions [1-5], while others also examined death
on the ward following downgrade as an alternative metric
of an unsuccessful ICU departure [6-9]. The applicability of
existing studies on this subject to the conditions of the ongo-
ing severe acute respiratory syndrome coronavirus-2 (SARS-
CoV-2) pandemic is limited by two factors. The obvious one
is that none of them included patients with novel coronavirus
disease 2019 (COVID-19). The other is that very few focused
exclusively on the medical ICU population, the category to
which critically ill COVID-19 patients with pneumonia invari-
ably belong. While treating critically ill COVID-19 patients
in the first United States epicenter in the New York City area,
it was our impression during the early months of the SARS-
CoV-2 pandemic that the post-ICU hospital course of those
who survived to initial ICU departure was frequently punctu-
ated by return to the ICU or unexpected death on the ward.
To test this observation, we undertook the current analysis to
measure the rate of ICU return or sudden ward death (compli-

Articles © The authors | Journal compilation © ] Clin Med Res and Elmer Press Inc™ | www.jocmr.org
This article is distributed under the terms of the Creative Commons Attribution Non-Commercial 4.0 International License, which permits 487

unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited


https://crossmark.crossref.org/dialog/?doi=10.14740/jocmr4555&domain=pdf&date_stamp=2021-08-10

Post-ICU Hospital Course of COVID-19 Patients

J Clin Med Res.2021;13(10-11):487-496

cated post-ICU course) in a cohort of critically ill patients with
COVID-19 pneumonia. We also performed a comparison of
the demographical, clinical, and biomarker characteristics of
those who had a complicated post-ICU course to those whose
hospital course following initial ICU departure did not include
return to the ICU or ward death (uncomplicated post-ICU
course). Finally, we explored in detail the circumstances of the
complicated ward course that may have contributed to these
adverse outcomes. To our knowledge, the subject of down-
grade of COVID-19 pneumonia patients from the ICU has not
been approached from the same perspective in any other cur-
rently published report.

Materials and Methods

Patients and data collection

This retrospective, single-center study was performed at
Westchester Medical Center (WMC) in Valhalla, NY, a ter-
tiary university academic center located in the New York City
area, which was the first United States COVID-19 epicenter.
All patients at least 18 years of age admitted to the ICU ser-
vices at WMC between March 1, 2020 and May 31, 2020
with an International Classification of Diseases, 10th revision
(ICD-10) diagnosis code of U07.1 (COVID-19 virus identi-
fied) were potentially eligible for inclusion. The presence or
absence of SARS-CoV-2 infection was established via reverse-
transcriptase polymerase chain reaction testing of nasopharyn-
geal swab specimens. Patients were excluded from the study
population if they met any of the following criteria: 1) primary
ICU diagnosis other than COVID-19 pneumonia (incidental
positivity for SARS-CoV-2); 2) expiration in the ICU during
initial ICU stay; and 3) direct out-of-hospital discharge at con-
clusion of initial ICU stay.

Those remaining after the application of the above exclu-
sion criteria formed the final study sample. This cohort was
then divided into two groups: the complicated post-ICU course
group (cases) and uncomplicated post-ICU course group (con-
trols). Belonging to the complicated course group were those
patients whose initial departure from the ICU was followed by
either a return to the ICU or death on the ward before an op-
portunity to return to the ICU during the index hospitalization.
The uncomplicated course group consisted of patients whose
departure from the ICU was followed by hospital discharge
without a return to the ICU during the remainder of the in-
dex hospitalization. WMC did not have a dedicated step-down
unit option for ICU downgrades during the study period, so
patients were transferred from ICU to floors with a nurse to
patient ratio ranging from 1:6 to 1:8. Patients were managed
by trainees under attending physician supervision in all set-
tings. ICU triage decisions for both acceptance and downgrade
were not protocolized but rather left to the discretion of the
ICU staff. Data on demographics, comorbidities, critical ill-
ness characteristics, and COVID-19 pharmacotherapies were
extracted from the institutional electronic medical record and
compared between the two groups. Chronic disease burden
was summarized using the Charlson Comorbidity Index (CCI)
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[10]; critical illness severity was measured by the Acute Physi-
ology and Chronic Health Evaluation (APACHE) IV score
[11]. Acute kidney injury (AKI) was identified according to
the criteria contained in the Kidney Disease: Improving Global
Outcomes (KDIGO) guidelines [12]. ICU length of stay was
based only on time in the WMC ICU and did not include time
that transferred patients may have spent in outlying hospital
ICUs. Therapeutic decisions in COVID-19 patients (e.g., ther-
apeutic anticoagulation, convalescent plasma) during the study
period were dictated by the clinical team rather than by an in-
stitutional algorithm or clinical trial considerations.

Also obtained were serum levels of four biomarkers com-
monly tracked in COVID-19 patients at our institution (with-
out a formal protocol): D-dimer: normal range < 0.59 mg/L;
lactate dehydrogenase (LDH): normal range 125 - 220 U/L;
C-reactive protein (CRP): normal range < 0.5 mg/dL; ferritin:
normal range 18 - 370 pg/L.

Levels were recorded at each of three time points: 2 days
prior to ICU departure, 1 day prior to ICU departure, and on
the day of ICU departure. These values were graphed separate-
ly for the complicated and uncomplicated course groups, and
the two groups were compared with respect to these variables
on the day of ICU exit.

Additionally, the post-ICU ward stay characteristics of
the patients in the complicated course group were examined in
detail for such elements as length of ward stay prior to death
or return to ICU, significant clinical events on the ward, and
circumstances of death for those who expired before return to
ICU. Follow-up to hospital death or discharge for all study pa-
tients was complete by the time of data collection.

The Institutional Review Board of New York Medical
College and the Clinical Research Institute of Westchester
Medical Center approved this study (protocol #14318). Due
to the retrospective nature of the study, ethics committee ap-
proval and informed consent were not required.

Statistical analysis

Categorical variables are expressed as frequency (percent-
age) and were compared using Fisher’s exact test. Continuous
variables expected to be normally distributed are expressed as
mean + standard deviation (SD) and were compared using the
independent-sample #-test (two-tailed alpha of 0.05). Continu-
ous variables expected to violate normality are expressed as
median (interquartile range (IQR): 25-75th percentile), and
statistical significance was assessed by the Mann-Whitney U
nonparametric test. P-value of < 0.05 was accepted as statisti-
cally significant.

Continuous and categorical variables that were statistical-
ly significantly different between the two study groups based
on descriptive statistics were subjected to univariate binary
logistic regression with the possible outcomes being a com-
plicated or uncomplicated post-ICU course. All of the covari-
ates included in the univariate analysis were then entered into
a multivariable binary logistic regression model. Imputation
for missing values was achieved by mean substitution. Results
of the univariate and multivariable regression analysis were
expressed as unadjusted and adjusted odds ratios (ORs) along
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Figure 1. Flow chart depicting how the two study groups was obtained. ICU: intensive care unit; COVID-19: coronavirus disease
2019; PCR: polymerase chain reaction; ED: emergency department.

with the respective 95% confidence intervals (Cls). All analy-
ses were performed using the Minitab (Minitab, LLC; State
College, PA) statistical software package (v.19.2020.1).

Results

The flow diagram illustrating how the study population was
obtained is shown in Figure 1. A total of 228 unique COV-
ID-19+ adults were accepted to WMC ICU services during
the 3-month study period, of which 210 actually reached the
ICU and were admitted primarily for COVID-19 pneumonia.
Ninety-nine of these 210 patients (47%) were downgraded to
the wards at the end of their initial ICU stay. Of the 99 patients,
18 (18%) experienced a complicated post-ICU hospital course
as defined above, while 81 (82%) had an uncomplicated post-
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ICU hospital course. Subdivided further, four of the 99 down-
graded patients died on the ward (4%), and 14 (14%) returned
to the ICU; nine downgrades returned within 3 days of ICU
exit, which constituted 9% of all downgrades (9/99) and 64%
of all who returned to the ICU (9/14). Considering only those
who returned within 2 days, these numbers became 7% (7/99)
and 50% (7/14). Table 1 presents the demographical, histori-
cal, and clinical characteristics of the study sample, and com-
pares the complicated course group and the uncomplicated
course group with respect to these variables.

Only one patient in the study sample (uncomplicated
group) was a recipient of extracorporeal membrane oxygena-
tion. Patients with a complicated post-ICU course were sig-
nificantly older (70 £+ 11 vs. 56 £ 15 years, P < 0.001), had a
significantly greater comorbidity burden (CCI1 4.5 +3 vs. 2.5+
2, P=0.003) and had significantly higher critical illness sever-
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Table 1. Demographic and Clinical Characteristics of the Study Patients Based on Initial ICU Stay

Patients with complicated course

Patients with uncomplicated course

P-value?

(n=18) (n=81)
Demographics
Age, years, mean + SD 70 (11) 56 (15) <0.001*
Sex, female, n (%) 9 (50%) 56 (69%) 0.13
Sex, male, n (%) 9 (50%) 25 (31%)
Smoking, n (%) 0.85
Yes 4(22) 13 (16)
No 12 (67) 56 (69)
Unknown 2 (11) 12 (14)
Comorbidities, n (%)
Obesity (BMI > 30) 8 (44%) 35 (44%) 0.99
Chronic kidney disease 2 (11%) 10 (12%) >0.99
Chronic pulmonary disease 2(11%) 8 (10%) >0.99
Coronary artery disease 3 (22%) 9 (11%) 0.25
Congestive Heart Failure 3 (17%) 7 (9%) 0.38
Stroke 0 (0%) 1 (1%) >0.99
Diabetes mellitus 7 (39%) 27 (33%) 0.78
Hypertension 8 (44%) 33 (41%) 0.78
Cirrhosis 1 (6%) 5 (6%) >0.99
Active malignancy 0 (0%) 1(1.2%) >0.99
History of malignancy 3 (17%) 3 (4%) 0.11
Solid organ transplant 1 (6%) 6 (7%) >0.99
Charlson Comorbidity Index, mean + SD 4.5(3) 2.5(2) 0.003*
Admission source, n (%)
WMC ED 6 (33%) 43 (53%) 0.13
Ward/outside transfer 12 (67%) 38 (47%)
APACHE 1V score, median (IQR)® 87 (51-112) 57 (43 -72) 0.01*
Mechanical ventilation, n (%) 12 (67%) 51 (63%) 0.77
PF Ratio on intubation, median (IQR)® 134 (65 - 257) 111 (61 - 220) 0.57
AKI, n (%) 10 (56%) 40 (49%) 0.64
New RRT, n (%) 1 (6%) 13 (16%) 0.45
Initial WMC ICU stay, days, median (IQR) 6.52-10) 8(3-22) 0.082
Treatment, n (%)
Azithromycin 16 (89%) 62 (77%) 0.35
Hydroxychloroquine 16 (89%) 66 (82%) 0.73
Corticosteroids 14 (78%) 59 (73%) 0.77
Convalescent plasma 2 (11%) 40 (49%) 0.003*
Therapeutic anticoagulation 6 (33%) 60 (74%) 0.002*
Biomarkers at ICU entry, median (IQR)
D-dimer (mg/L) 2.1(1.3-19) 2.3(0.92-42) 0.27
LDH (U/L) 515 (370 - 643) 530 (374 - 721) 0.73
CRP (mg/dL) 14.5 (9.2 - 25) 15(7.2-21) 0.54
Ferritin (ug/L) 963 (412 - 1,759) 1192 (525 - 2,920) 0.50

ap-values by t-test or Mann-Whitney test for continuous variables; Fisher’s exact test for categorical variables. PBased on n = 16 in complicated group
and n =71 in uncomplicated group. °Based on n = 12 in complicated group and n = 51 in uncomplicated group. *Statistical significance with a P-value
less than 0.05. AKI: acute kidney injury; APACHE: Acute Physiology and Chronic Health Evaluation; BMI: body mass index; CRP: C-reactive protein;
ED: emergency department; ICU: intensive care unit; IQR: interquartile range; LDH: lactate dehydrogenase; PF: PaO,/FiO,; RRT: renal replacement
therapy; SD: standard deviation; WMC: Westchester Medical Center.
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ity on ICU entry (APACHE IV score 87 (IQR 51 - 112) vs. 57
(IQR 43 - 72), P =0.01). Conversely, exposure to therapeutic
anticoagulation during the initial ICU course was more com-
mon in the uncomplicated post-ICU course group: 60 patients
(75%) vs. six patients (33%) (P = 0.002). The same was true
of receipt of convalescent plasma: 40 (49%) vs. two (11%) in
the uncomplicated and complicated groups, respectively (P =
0.003).

Figure 2 consists of line graphs representing median bio-
marker levels (D-dimer, LDH, CRP, and ferritin) in the two
study groups as measured 2 days before ICU exit, 1 day before
ICU exit, and on the day of ICU exit. Visual inspection of Fig-
ure 2 reveals a steady rise in D-dimer over the three charted
days in the complicated course group, a trend not paralleled
by the uncomplicated group in which D-dimer remained rel-
atively flat. An upward trajectory on the day of ICU exit in
CRP and LDH was observed in the complicated course group,
whereas these biomarkers exhibited a downward trajectory in
the uncomplicated course group. Ferritin, in contrast, trend-
ed down on day of ICU exit in the complicated course group
while remaining flat in the uncomplicated course group. Fig-
ure 3 juxtaposes box-and-whisker plots of the median level of
each of the four biomarkers on day of ICU exit in the com-
plicated course group versus the uncomplicated course group.
Median levels of all four biomarkers were numerically higher
in the complicated course group compared to the uncompli-
cated course group, but only in the case of D-dimer and CRP (P
= 0.006 by the Mann-Whitney U-test for both) did the differ-
ence reach statistical significance. At ICU entry, there was no
significant difference between the groups in median D-dimer
and CRP levels (Table 1).

The results of logistic regression analysis are presented in
Table 2. Age was omitted from the model because it was expect-
ed to be collinear with APACHE 1V as one of its components.
Increase in all included continuous variables (CCI, APACHE
IV at ICU entry, D-dimer at ICU exit, and CRP at ICU exit)
significantly raised the odds of a complicated post-ICU ward
course in univariate analysis. On multivariable analysis, the as-
sociation of D-dimer at ICU exit with this outcome lost statisti-
cal significance (adjusted OR 1.10 (95% CI 1.00 - 1.22), P =
0.057), which was preserved for the other covariates.

Table 3 summarizes the salient details of the post-ICU
ward stay that ended in either death or ICU return in the 18
patients from the complicated course group. None of these pa-
tients departed the ICU with care-limiting directives in place.
The defining event occurred a median of 2.5 days (IQR 1.3 -
6.8) into the index post-ICU ward stay; the median number of
days remained unchanged when calculated only for ICU read-
missions. Four of the 18 patients (22%) died on the ward, one
of whom had do not intubate and do not resuscitate orders in
place at time of passing. A unifying motif in the ward course of
the other three patients who died was the occurrence of acute
electrocardiographic disturbances. In two of them, prolonga-
tion of the QTc interval (i.e., > 500 ms) was detected, reaching
> 600 ms on the most extreme measurement in one. The other
14 patients (78%) returned to the ICU following decompensa-
tion on the ward, with 13 (93%) of them requiring invasive
mechanical ventilation (IMV) in the process. Of these 14, five
(36%) died during their second ICU stay. Of the nine survivors
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of ICU return, eight (89%) reached hospital discharge, all to
skilled nursing facilities. One survivor of ICU return subse-
quently died on the ward for a hospital mortality among ICU
readmissions of 6/14 (43%). There was no statistically signifi-
cant difference between survival to first ICU exit and survival
to second ICU exit: 124/210 (59%) vs. 9/14 (64%) (P = 0.78)
by Fisher’s exact test. The most common ward complications
noted in the 14 patients who returned to the ICU were: 1) new
electrocardiographic disturbance (29%); 2) new troponemia
(29%); 3) documented or suspected infection (29%); and 4)
persistent alteration of sensorium (21%).

In aggregate, 50% of patients in the complicated course
group experienced at least one of the adverse cardiac events
listed in item 1 or item 2 above.

Discussion

COVID-19 survivorship studies have so far focused primarily
on readmission following hospital discharge [13, 14]. The cur-
rent study, to our knowledge, is the first to report the patient
characteristics, clinical parameters, and notable ward events
associated with a complicated post-ICU course in the hos-
pital, defined as ward death or return to ICU, in critically ill
COVID-19 patients downgraded to the regular floor from the
ICU. Supporting our hypothesis, the complicated course rate
of 18% in our population was higher than similar pre-COVID
numbers from mixed ICUs in France (6.6%) [7] and a medical
ICU in the United States of America (9.3%) [1]. Noteworthy
findings emerged when the composite outcome was separated
into its two components. The 4% ward death rate among ICU
downgrades in our study was identical to that measured in a
consortium of busy US ICUs in the pre-COVID era [8]. Our
ICU readmission numbers, however, turned out to be higher
than the estimates derived from heterogencous non-COVID
critically ill populations. Few studies have reported such num-
bers among purely medical ICU patients, which would be the
most telling comparison with our results. Jo et al [4] reported
a9.6% overall readmission rate in a pre-COVID South Korean
study restricted to the medically critically ill, higher than typi-
cal mixed ICU range of 4-6% [9] but still lower than the 14%
in our sample. The same disparity holds true in comparison to
a prior medical ICU study from the United States of America,
in which 8.8% of patients were readmitted [1]. Our remarkably
high ICU readmission rate may be a function of unprecedented
ICU strain experienced during the study period by institutions
located in the first COVID-19 epicenter in the United States
of America. Under conditions of increased strain, which are
a risk factor for ICU readmissions [8], the desire to maintain
maximal ICU throughput could prompt premature downgrades
to the ward. Corroborating this theory is the trend toward a
shorter initial ICU stay in patients with a complicated post-
ICU course. At least one prior study not limited to a high-
strain environment found the opposite: a longer initial ICU
stay among downgrades who subsequently returned to the ICU
[2]. An additional factor to consider when juxtaposing our ICU
population with COVID-19 pneumonia to prior ICU cohorts
with respect to rates of ICU return is that the critically ill pa-
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Figure 3. Tukey box plots comparing median biomarker levels in the two groups on day of ICU exit. The central rectangle
spans the interquartile range (IQR), and the line within the rectangle marks the median. The square symbol marks the mean.
The “whiskers” above and below the box are drawn to the furthest point within 1.5 x IQR from the box (the non-outlier range).
Asterisks outside the whiskers are outliers. P-values are from the Mann-Whitney nonparametric test. ICU: intensive care unit.

tients in this study all had catastrophic respiratory failure ful-
filling criteria for at least moderate, and in many cases severe,
acute respiratory distress syndrome at some point during their
ICU course. COVID-19 pneumonia carried a 41% mortality
rate during the initial ICU stay in our population, commensu-
rate with the magnitude of associated respiratory failure. In the
study by Jo et al limited to a medical ICU contingent, the same
figure was 31%, whereas in mixed ICU readmission studies,
this rate is quoted to be dramatically lower at approximately
7-9% [2, 3].

Similar to pre-COVID studies, we found the patient factor

of higher comorbidity burden and the disease severity factor
of higher APACHE 1V score on ICU admission to be inde-
pendently associated with greater odds of a complicated post-
ICU course. Several studies have proposed clinical prediction
scores for ICU readmission [1, 6, 7]. These have tended to be
cumbersome, limiting their widespread adoption. A unique
feature of ICU survivors of COVID-19 pneumonia is the avail-
ability of serum biomarker levels (CRP, LDH, ferritin, and D-
dimer) in the days preceding ICU exit and on day of departure
that have historically not been followed with such regularity
or assessed as predictors of readmission prior to COVID-19.

Table 2. Patient and ICU Factors Associated With a Complicated Post-ICU Course Based on Univariate and Multivariable Logistic

Regression
Variable Crude OR (95% CI) P-value Adjusted OR (95% CI) P-value
CCI 1.39 (1.12 - 1.72) 0.003 1.94 (1.22-3.09) 0.005
APACHE IV*b 1.27 (1.05 - 1.53) 0.013 1.39 (1.05 - 1.82) 0.020
D-dimer® ¢ 1.11 (1.03 - 1.19) 0.008 1.10 (1.00 - 1.22) 0.057
CRP¢© 1.07 (1.00 - 1.13) 0.043 1.16 (1.04 - 1.30) 0.009
Anticoagulation receipt 0.18 (0.06 - 0.53) 0.002 0.07 (0.01 - 0.50) 0.008
Convalescent plasma receipt 0.13 (0.03 - 0.59) 0.009 0.09 (0.01 - 0.62) 0.015

aValues missing for 12/99 patients. PResult from day of ICU entry. °Result from day of ICU exit. 9Values missing for 26/99 patients. ¢Values missing for
24/99 patients. APACHE: Acute Physiology and Chronic Health Evaluation; CCI: Charlson Comorbidity Index; CRP: C-reactive protein; ICU: intensive
care unit; OR: odds ratio; Cl: confidence interval.
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Table 3. Descriptive Summary of Notable Ward Stay Characteristics of the Patients With a Complicated Post-ICU Course

Patient Days on ward Death Return — IMV upon Final disposition Notable ward events
on ward to ICU return
12 Y NA NA NA Died as DNR/DNI
e Y NA NA NA New atrial flutter; new elevated
troponin; QTc = 500 ms; bacteremia
3a Y NA NA NA Persistent AMS; new bradycardia
42 Y NA NA NA New atrial fibrillation; new
bradycardia; QTc > 600 ms
1 N Y Y ICU death New elevated troponin
2 5 N Y Y Facility discharge Persistent AMS
N Y Y Facility discharge Persistent AMS; respiratory
distress after swallow evaluation
4 1 N Y Y ICU death New atrial fibrillation; new
elevated troponin; QTc = 500 ms;
new fever with leukocytosis
N Y Y Facility discharge New episodes of SVT
6 2 N Y Y Facility discharge New episode of SVT; new elevated
troponin; QTc > 500 ms
12 N Y N Facility discharge Fever and worsening infiltrates
1 N Y Y Ward death? Empyema; PEA arrest
1 N Y Y ICU death None identified
10 2 N Y Y Facility discharge None identified
11 1 N Y Y ICU death None identified
12 16 N Y Y ICU death Bacteremia
13 8 N Y Y Facility discharge Persistent AMS; new
sinus pauses > 30 s
14 11 N Y Y Facility discharge New elevated troponin
ICU return, N 2.5 (1 - 8.75) None All 13 (93%) Hospital mortality 6 (43%)
=14 (78%)
Total, N=18 2.5(1.25-6.76) 4(22%) 14 (78%) 13 (72%)  Hospital mortality: 10 (56%)

aWard deaths after initial ICU downgrade. PPatient died on the ward after repeat ICU downgrade. AMS: altered mental status; DNI: do not reintubate;
DNR: do not resuscitate; ICU: intensive care unit; IMV: invasive mechanical ventilation; NA: not applicable; PEA: pulseless electrical activity; SVT:

superventricular tachycardia.

Viewed retrospectively from day of ICU departure, our results
demonstrate opposing trends in D-dimer and CRP levels de-
pending on ultimate post-ICU course: an upward trajectory in
patients destined for a complicated course and a downward tra-
jectory in those destined for an uncomplicated course. While
similar between the groups at ICU entry, absolute values of
these two biomarkers were significantly higher on the day of
ICU exit in the complicated group, though only the CRP level
was independently associated with greater odds of experienc-
ing a complicated post-ICU course after multivariable analy-
sis. This component of our findings suggests that careful atten-
tion to the behavior of D-dimer and especially CRP levels may
be warranted when COVID-19 pneumonia patients in the ICU
are being considered for transfer to the ward. An upward trend
in either parameter should be viewed as a cautionary sign in a
candidate for ICU downgrade. Discerning the impact, if any,
of evolving superimposed infection on biomarker behavior
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was beyond the resolving power of this study. The exact role
of serum biomarkers as predictors of ICU readmission or death
on the floor merits further elucidation in dedicated studies.
Close examination of ward events surrounding death or
return to ICU listed in Table 3 revealed the common occur-
rence of acute electrocardiographic abnormalities, including
instances of profoundly prolonged QTc intervals. As seen in
Table 1, nearly 90% of the complicated course group received
hydroxychloroquine and azithromycin, which was a standard
COVID-19 treatment regimen in the early phase of the pan-
demic. Both medications are synergistic in causing QTc in-
terval prolongation and thus possibly cardiac instability [15].
However, the rate of receipt of these agents was similar in the
uncomplicated course group. New troponemia was another
cardiac disturbance frequently detected on the ward in those
with a complicated course. Troponin elevation has been well
described in COVID-19 and is a negative prognostic indica-
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tor [16]. While the mechanisms of troponemia in COVID-19
remain speculative, it is intriguing to consider whether the up-
ward trend in D-dimer and CRP levels observed in the com-
plicated course group at ICU exit presaged a wave of hyper-
coagulability and hyperinflammation, respectively, destined to
occur on the ward, both phenomena having been hypothesized
as contributors to troponin release in COVID-19 [17]. Rather
than the direct mediator of an adverse floor event, tropone-
mia on the ward may have been a marker of an evolving pro-
inflammatory and pro-thrombotic state that predisposed to
the index event. It is also noteworthy in the same context that
therapeutic anticoagulation use in the ICU was significantly
less frequent in the complicated course group, a measure that
could attenuate the onset of both in situ coronary thrombosis
and atherosclerotic plaque thrombosis in an inflammatory mi-
lieu, especially if continued during the subsequent ward stay.
The role of cardiac derangements in complicating the ward
course of ICU survivors of COVID-19 pneumonia warrants
separate investigation.

Our study suffers from a number of important limitations,
primary among them its single-center retrospective nature
and small sample size. As such, our results may have limited
generalizability. Because patient data were not collected in a
systematic, prospective fashion, there were missing biomarker
values and cases for which APACHE 1V scores at ICU entry
could not be calculated. Contrary to certain pre-COVID stud-
ies of ICU readmission, our investigation did not include phys-
iological parameters and illness severity metrics at the time of
ICU departure, so this report cannot provide all-encompassing
guidance for ICU downgrade decision-making in COVID-19
pneumonia. Finally, we reported the features of the post-ICU
ward course of the complicated group descriptively without
comparison to the uncomplicated group. This diminishes the
utility of observations made on the basis of that part of the
study, but a comparative analysis of ward course features be-
tween the two groups was felt to be beyond the scope of this
exploratory investigation. Such analysis would be best re-
served for a follow-up study with that as its primary focus.

Conclusions

The ward death rate we observed among patients with COV-
ID-19 pneumonia downgraded from the ICU was comparable
to that reported in pre-COVID medically critically ill popula-
tions, whereas the ICU readmission rate was higher than the
typically reported range. Caution should be exercised when
considering COVID-19 pneumonia patients with uptrending
D-dimer and CRP levels for floor transfer from ICU. The ward
course of ICU downgrades with COVID-19 pneumonia des-
tined for death on the floor or ICU return is frequently punctu-
ated by acute cardiac disturbances.
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