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Abstract

Medical specialty usage of COVID-19 survivors after hospital discharge is poorly understood. This study investigated medical
specialty usage at 1-12 and 13-24 months post-hospital discharge in critically ill and non-critically ill COVID-19 survivors.
This retrospective study followed ICU (N=289) and non-ICU (N=205) COVID-19 survivors who returned for follow-up
within the Stony Brook Health System post-hospital discharge. Follow-up data including survival, hospital readmission,
ongoing symptoms, medical specialty care use, and ICU status were examined 1-12 and 13-24 months after COVID-19
discharge. “New” (not previously seen) medical specialty usage was also identified. Essentially all (98%) patients survived.
Hospital readmission was 34%, but functional status scores at discharge were not associated with hospital readmission. Many
patients reported ongoing [neuromuscular (50%) respiratory (39%), chronic fatigue (35%), cardiovascular (30%), gastrointes-
tinal (28%), neurocognitive (22%), genitourinary (22%), and mood-related (13%)] symptoms at least once 1-24 months after
discharge. Common specialty follow-ups included cardiology (25%), vascular medicine (17%), urology (17%), neurology
(16%), and pulmonology (14%), with some associated with pre-existing comorbidities and with COVID-19. Common new
specialty visits were vascular medicine (11%), pulmonology (11%), and neurology (9%). ICU patients had more symptoms
and follow-ups compared to the non-ICU patients. This study reported high incidence of persistent symptoms and medical
specialty care needs in hospitalized COVID-19 survivors 1-24 months post-discharge. Some specialty care needs were
COVID-109 related or exacerbated by COVID-19 disease while others were associated with pre-existing medical conditions.
Longer follow-up studies of COVID-19 survivor medical care needs are necessary.
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Introduction

Many COVID-19 survivors exhibit persistent symptoms
months after SARS-CoV-2 infection [1-6]. Respiratory dif-
ficulty, fatigue, headache, dyspnea, sweating, chest tight-
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more evident. It is thus important to study care utilization
for long COVID-19 sequela.

In this study, we investigated medical referrals and health
care usage of a group of ICU and non-ICU COVID-19 survi-
vors [17, 18] to provide further insights into potential long-
term COVID-19 medical issues and sequelae. Our approach
attempts to demonstrate actual patient behavior and sympto-
mology as documented during healthcare visits. Health-care
provider referrals were those given at hospital discharge.
Medical specialty care usage was tabulated at 1-12, and
13-24 months after COVID-19 hospital discharge. Com-
parisons were made with medical specialty care usage prior
to COVID-19 to identify “new” COVID-19 related medical
care usage.

Methods

This study was approved by the Stony Brook University
Institutional Review Board with an exemption for informed
consent. It followed the Strengthening of Reporting of
Observational Studies in Epidemiology (STROBE) report-
ing guidelines for observational studies.

This is a retrospective follow-up study of two previously
reported cohorts [17, 18] of ICU (N=118) and non-ICU
(N=317) COVID-19 patients using chart reviews of the
Electronic Medical Records (EMR), which also include
uploaded paper charts and clinical notes. Patients were not
specifically invited for post-discharge evaluation. SARS-
CoV-2 infection, defined by a real-time polymerase chain
reaction test, occurred between March 27, 2020 and August
11, 2020. The last day of follow-up was on June 30th, 2022.
Follow-up time frame was 1-12 and 13-24 months after
discharge. Data from 0—1 month was excluded to assess
long-haul COVID-19, consistent with the definition by the
Center for Disease Control and Prevent [19]. Chart review
was performed by RJ, SP, and RK and was subsequently
validated by BM and MB. Data were then analyzed by BM
and MB. A consensus was reached among all members after
data extraction and analysis.

Clinical data extracted by manual chart reviews
included: (1) demographics: age, gender, ethnicity, and
race; (2) comorbidities: obesity, hypertension, diabetes,
smoking history, coronary artery disease (CAD), chronic
obstructive pulmonary disorder (COPD), heart failure
(HF) and chronic kidney disease (CKD); (3) longitudinal
characteristics: survival, hospital readmission, ongoing
symptoms (fatigue or neuromuscular, respiratory, cardio-
vascular, gastrointestinal, neurocognitive, genitourinary,
and mood-related symptoms), and outpatient specialty
visits (cardiology, vascular medicine, urology, neurology,
pulmonology, gastroenterology, nephrology, orthopedics,
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and endocrinology pre- and post-COVID-19); (4) func-
tional status scores: ICU Mobility Scale and Barthel Index
as available from previous publications [20-28].

Survival was defined as evidence that a patient is alive
over the 24-month period. Patients who returned beyond
24 months or confirmed alive via alternative documenta-
tion (phone call, non-medical visit records, etc.) were con-
sidered alive. Mortality was defined by confirmed EMR
documentation. Patients discharged on comfort care meas-
ures or to hospice care were considered survivors unless
otherwise documented. Symptoms were obtained only by
chart review of outpatient EMR, excluding emergency
room and inpatient symptoms. Criteria and definitions for
these symptoms are listed in Supplemental Table 1.

Specialty referrals were made by discharging physicians
and tabulated from patient discharge paperwork. Outpa-
tient specialty follow-up was defined as any office visit or
telehealth encounter with a medical specialist. Scanned
records from outside medical systems were also included.
Additionally, some specialty visits were discerned from
primary care or other specialty notes that mentioned out-
side specialist follow-up. Some specialties (namely vas-
cular medicine) were routinely seen within 1 month of
hospital discharge. These were tabulated as an exception
to the 1-month cutoff criteria. Symptoms reported during
those visits (0O—1 month) were not included in analysis.

The ICU Mobility Scale (range: 0-10) is an 11-item cat-
egorical scale that measures the highest level of functional
mobility of patients. The Barthel Index (modified range:
0-75) is an ordinal scale used to measure performance in
activities of daily living (ADL), consisting of ten variables
describing ADL and functional mobility. Higher scores
indicate higher functioning for both scores.

Statistical analysis

Statistical analysis was performed using SPSS v26 (IBM,
Armonk, NY) and SAS v9.4 (SAS Institute, Cary, NC).
Demographics, comorbidities/risk factors, and symp-
toms at admission were compared between patients who
returned and those who did not return using Chi-square
tests and 7-tests were used to compare age and functional
status scores. Rates of hospital readmissions, ongoing
symptoms, outpatient follow-up, and new specialty visits
were compared among two time points (i.e., 1-12 months
and 13-24 months) using generalized estimating equa-
tions (GEE) models. For the ICU vs non-ICU group, these
same variables were compared using Chi-square tests. A
p <0.05 was considered statistically significant. Analy-
sis was not adjusted for covariates due to the exploratory
nature of this study and limited sample sizes.
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Results

The return rate to our health system 1-24 months after
COVID-19 hospitalization discharge was 68% (294/435).
Ten additional patients either returned beyond 24 months
or were confirmed alive by alternative methods without
returning. Characteristics of patients who returned to our
health system and those who did not were similar with
a few exceptions (Supplemental Table 2). Patients who
returned had higher proportions of non-Hispanics and
Caucasians and had higher rates of hypertension, diabe-
tes, CAD, COPD, HF, CKD, and smoking (all p <0.05).

The return rates were 98% (IN=288) at 1-12 months
and 62% (N =182) at 13-24 months, with 60% (N =176)
returning more than once. Thirty percent (30%) of those
who returned 1-24 months were ICU patients. ICU
patients were significantly more likely to return than non-
ICU patients (p < 0.05).

Mortality and hospital readmission

Over 98% (298/304) of patients survived. About one-third
(N=100/294) of patients were readmitted to the hospital,
52% of which were readmitted more than once. Six survi-
vors received comfort care/hospice care after discharge.

A) Ongoing Symptoms

Fig.1 A Most common ongoing symptoms 1-24 months post-
COVID-19 B Percentage of patients with ongoing symptoms at 1-12
and 13-24 months post-COVID-19. Some patients returned more
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Neuromuscular (50%), respiratory (39%), fatigue (35%),
cardiovascular (30%), gastrointestinal (28%), neurocognitive
(22%), genitourinary (22%), and mood-related (13%) symp-
toms were common 1-24 months after discharge (Fig. 1A).
Respiratory and mood-related symptoms were the only ones
to decrease at 13-24 months (p=0.04 and p=0.01 respec-
tively); all other symptoms persisted (Fig. 1B).

Specialty medical care needs

Common follow-up outpatient specialty visits included car-
diology (25%), vascular medicine (17%), urology (17%),
neurology (16%), pulmonology (14%), gastroenterology
(13%), nephrology (12%), and orthopedics (12%) (Fig. 2A).
Many outpatient specialty visits were associated with medi-
cal conditions prior to COVID-19 (ongoing specialty). Com-
mon new specialty visits were cardiology (10%), vascular
medicine (11%), pulmonology (11%), and neurology (9%).
Cardiology, urology, and gastroenterology visits were pre-
dominantly with ongoing specialists while most vascular
medicine and pulmonology visits were new specialty visits
(p <0.01 for all). Neurology, nephrology, orthopedics, and
endocrinology visits had similar proportions of new and
ongoing specialty visits.

Fewer patients went to see cardiology specialty com-
pared to referrals at hospital discharge (p < 0.01), whereas
more patients went to see neurology (p < 0.001), nephrology
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than once and thus percentages may not sum up those in 1A. *Indi-
cates respiratory and mood-related symptoms significantly decreased
at 13-24 months (p=0.04 and p=0.01 respectively)
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A Outpatient Specialty Follow-Up
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Fig.2 A Common ongoing and new outpatient specialty visits. B Outpatient follow-up visits compared to referrals at hospital discharge. *
p<0.05, ** p<0.01, *** p<0.001 between ongoing and new specialty visits, or between referral at discharge and specialty follow-up

(p <0.05), and orthopedics (p < 0.001) specialties compared
to referrals at hospital discharge (Fig. 2B).

Vascular medicine follow-up visit rate at 1-12 months
was higher than that at 13-24 months (p <0.001, Fig. 3A).
Other specialty visits had similar rates across the two time
periods. Cardiology, vascular medicine, and neurology had

more ‘“new” specialty visits at 1-12 months compared to
those at 13—24 months (p < 0.05 for all, Fig. 3B). New
pulmonology visits were trending more at 1-12 months
compared to those at 13—-24 months (p =0.06). All other
new specialty visits were similar across both time periods

(> 0.05).
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Fig. 3 A Most common outpatient follow-up specialty seen at both time periods post-COVID-19. B Most common new (not associated with pre-
existing comorbidities) outpatient follow-up specialty seen at both time periods post-COVID-19. * p <0.05, ** p<0.01, *** p <0.001
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ICU vs non-ICU

Compared to the ICU group (N=289), the non-ICU group
(N=205) was older (64.6+1.2, 57.6+ 1.3 years old,
p <0.001), consisted of more non-Hispanic’s (71% vs 56%,
p <0.05) and more Caucasian’s (64% vs 47%, p <0.01), had
fewer males (48% vs 65%, p <0.01), and had higher preva-
lence of HF, asthma, CKD, and smoking (all p < 0.05, Sup-
plemental Table 3). Hypertension, diabetes, obesity, CAD,
and COPD across both periods were not different between
groups (p > 0.05). Surprisingly, more non-ICU patients were
readmitted to the hospital than ICU patients (42% vs 15%,
p <0.001). Hospital readmission was not associated with
functional status at hospital discharge as measured by ICU
mobility scores and Barthel indices for both ICU and non-
ICU group (p>0.05, t test, Fig. 4).

ICU patients exhibited significantly more ongoing chronic
fatigue (p < 0.001), respiratory (p <0.001), and cardiovascu-
lar symptoms (p < 0.05, Fig. 5A), but similar gastrointestinal
and neurocognitive, genitourinary, and mood-related symp-
toms (p > 0.05) compared to the non-ICU group. Neuromus-
cular symptoms trended higher in ICU patients (p =0.06).
The ICU group made significantly more visits to vascular
medicine, neurology, and pulmonology (p <0.05, Fig. 5B),
but a similar number of urology, gastroenterology, nephrol-
ogy, orthopedics, and endocrinology visits (p > 0.05) com-
pared to the non-ICU group. Cardiology visits were higher
in ICU patients but did not reach statistical significance
(p=0.054). The ICU group made significantly more new
specialty visits to cardiology, vascular medicine, neurol-
ogy, pulmonology, nephrology, and orthopedics (p <0.05,

A)  ICU Mobility Scale vs Hospital Readmission
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Fig. 5C), but a similar number of new urology, gastroenterol-
ogy, orthopedics, and endocrinology visits compared to the
non-ICU group (p > 0.05).

Discussion

This study followed hospitalized COVID-19 patients with
respect to medical referrals and specialty care usage at
1-24 months after discharge. The major findings were: (i)
for those who returned, essentially all patients survived; (ii)
hospital readmission was 34% but functional status scores
at discharge were not associated with hospital readmission;
(iii) between 13 and 50% of patients reported at least one
ongoing symptoms (respiratory, gastrointestinal, neuromus-
cular, chronic fatigue symptoms) at follow-up which, other
than respiratory and mood-related symptoms, persisted over
time; (iv) common follow-up visits included to cardiology,
vascular medicine, urology, and neurology; some of which
were associated with pre-existing medical conditions while
others appeared COVID-19 related; (v) there was good fol-
low-up compliance of discharge referrals; (vi) most specialty
follow-ups, other than vascular medicine, remained stable
over time; and notably “new” vascular medicine follow-
ups decreased over time; and (vii) the ICU group had more
symptoms and follow-up medical visits compared to the
non-ICU group. In this cohort, most hospitalized COVID-
19 patients during the early pandemic survived 1-24 months
post-discharge but many patients experienced persistent
symptoms and sought new subspecialty care.

B) Barthel Index vs Hospital Readmission
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Fig.4 A ICU mobility scores of patients with 0 hospital readmissions and>1 hospital readmissions. B Barthel Index scores of patients with 0

hospital readmissions and > 1 hospital readmissions
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Fig.5 A Ongoing symptoms in ICU and non-ICU cohorts. B Most common outpatient follow-ups in ICU and non-ICU cohorts. C Most com-
mon new specialty in ICU and non-ICU cohorts. *p <0.05, **p <0.01, ***p <0.001

Mortality, major medical events, and readmission

The post-COVID-19 mortality rate has been reported to
be 0% to 37% at about 6 months post-infection in a meta-
analysis study [29]. The mortality rate of our hospitalized
COVID-19 patients at 24 months follow-up was <2%.
Although it is possible that patients who did not return
to our health system might have a higher mortality rate, it
is unlikely as the no-return group had lower rates of pre-
existing comorbidities and fewer ICU patients compared to
the return group. Differences in findings among different
studies are likely multifactorial, which include, but are
not limited to, differences in patient profiles, geographical
regions affected, duration of the pandemic, and follow-
up time. It is likely that our cohorts were comparatively
healthier because most of our patients were functionally
independent prior to COVID-19 hospitalization [17, 18].
Nonetheless, about one-third of patients were readmitted
to the hospital within 24 months of COVID-19 hospital
discharge. The reasons for hospital readmission are mul-
tifactorial and heterogenous, making it difficult to summa-
rize as a cohort summary. A previous study reported a 30%
readmission rate among COVID-19 survivors 140 days
(mean follow-up time) post-infection [30].
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Symptomatic resolution

Neuromuscular, respiratory, fatigue, and cardiovascular
symptoms were the most common in our cohort, consistent
with previous long COVID studies [31-38]. Some COVID-
19 symptoms, specifically respiratory and fatigue, have been
reported to persist 1 year post-COVID-19 [39, 40], justifying
the need for longer-term follow-ups. We found that respira-
tory and mood-related symptoms decreased over time up to
24 months, indicative of partial symptom resolution. Most
symptoms however, had not completely resolved even at
24 months, suggesting persistent COVID-19 sequela. It is
possible that some symptoms might be related to ongoing
medical needs that predated SARS-CoV-2 infection or might
be exacerbated by COVID-19 illness. Additionally, some
symptoms might have been due to newly developed medical
conditions unrelated to COVID-19 illness or hospitalization.
It is difficult to discern the sources of these symptoms. Addi-
tional and longer-term follow-up studies are needed.
Another consideration is the role of anxiety in post-
COVID-19 symptomology as uncertainty, social media
hype, and misinformation during the pandemic may have
led patients to develop psychosomatic rather than true
physiological symptoms. It is possible that anxiety was
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underreported or unrealized by patients and instead reported
as physical symptoms. The psychological reaction to the
symptoms is difficult to discern.

Specialty follow-ups

A novelty of our study is the longitudinal assessment of med-
ical subspecialty care received by COVID-19 survivors at
follow-up. The high rates of pulmonologist, cardiologist, and
nephrologist, neurologist, and vascular medicine visits are
consistent with commonly reported organ system involve-
ment in acute COVID-19 [41-46]. Some of these medical
usages could be associated with ongoing medical needs
which might have been exacerbated by COVID-19, while
others were associated with new subspecialist needs due to
new problems caused by COVID-19. The high proportion
of new vascular medicine and pulmonology specialty visits
suggests the latter. This likely reflects high rates of persistent
respiratory symptoms as well as increased concerns for post-
COVID thrombotic events. Conversely, cardiology, urology,
and gastroenterology visits were predominantly associated
with pre-existing comorbidities. The exact reasons for new
specialty visits and re-hospitalizations after illness is not
known. Reasons for seeking medical care could be associ-
ated with COVID-19, exacerbated by COVID-19, or pre-
existing or new medical conditions unrelated to COVID-19.
We separated new visits and visits due to existing conditions
to provide insight. However, additional studies are needed.
Comparison with other acute infections such as influenza
could provide additional insight.

Akin to symptom persistence, it is not surprising that
most outpatient specialty visits continued into the second
year. Decreased vascular medicine visits likely reflect less
concern for thromboembolic events beyond 1 year after
hospital discharge and is consistent with medical guidelines
[47]. Tt is also possible that continued follow-up was pre-
cautionary to ensure patient recovery into the second year.
Furthermore, more new cardiology, vascular, neurology, and
pulmonology visits during the first 12 months may reflect
immediate post-COVID concerns, likely related to high rates
of neuromuscular, respiratory, fatigue, and cardiovascular
symptoms. The persistence of these symptoms and medical
specialty visits suggests they are associated with COVID-19
infection although exacerbation of pre-existing conditions
cannot be ruled out. Post-discharge rehabilitation measures
may help to reduce symptoms and medical specialty care
usage.

Interestingly, there were some mismatches between
specialist visits and specialist referral rates, which could
indicate unanticipated patient needs. When taken together
with ongoing symptom complaints, this mismatch may
serve as an objective measure of symptom-driven behav-
ior and highlights which sequelae need additional attention.

For example, more neurology, nephrology, and orthopedic
follow-ups compared to referrals could suggest that these
sequelae were relatively unforeseen during the acute phase
of COVID-19 and were at least partially driven by ongoing
symptoms. Conversely, less cardiology follow-ups compared
to referrals might suggest that cardiovascular sequalae were
not as severe as discharge physicians suspect or might have
a delayed onset. Thus, patient would likely benefit from
targeted rehabilitation therapy that addresses these unan-
ticipated needs. These findings need to be independently
verified using larger and multiple institutional data.

ICU vs non-ICU

The ICU cohort had a higher incidence of ongoing symp-
toms and subspecialty visits compared to the non-ICU group
as expected. Greater neuromuscular and fatigue symptoms,
along with greater neurology and orthopedic specialists
visits is likely suggestive of post-Intensive Care Syndrome
(PICS) [48]. Surprisingly, despite greater ongoing symptoms
and specialist visits, all our ICU patients survived whereas
only 97% of our non-ICU patients survived at 24-month
follow-up. Surprisingly, more non-ICU patients were read-
mitted to the hospital than ICU patients. There might be a
few reasons for this unexpected finding. First, it might be
that in-hospital mortality selected for a healthier returning
ICU cohort who were less susceptible to long-term mor-
bidity and mortality after hospital discharge. This is sup-
ported by the fact that returning ICU patients were signifi-
cantly younger and more functionally independent prior to
COVID-19 than the non-ICU patients [17, 18]. Second, ICU
patients received significantly more supplemental oxygen,
durable medical equipment (DME), and medical follow-up
recommendations than non-ICU patients [17, 18]. Thus, ICU
patients might have received more vigilant, hands-on health
management and rehabilitation that was protective against
long-term mortality. Indeed, despite having greater ongoing
symptoms, the ICU patients were not more likely to die sug-
gesting that they might healthier and able to better withstand
illnesses and/or they might receive better ongoing treatment.

Functional status scores

We found post-COVID-19 hospital readmission was not
associated with ICU mobility and Barthel Index scores at
hospital discharge, which is somewhat surprising as it has
been shown that low scores on functional status at discharge
is linked to longitudinally worse outcomes and increased
morbidity [49, 50]. It is possible that patients with worse
functional status received greater rehabilitation services,
thus reducing the difference in morbidity that would be
otherwise expected between ICU and non-ICU patients.
The small sample size did not allow for adjustment for
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confounding covariates, such as age, pre-COVID status,
comorbidity.

Limitations

This study has several limitations. This is a single site
with a small sample size. This study is limited to patients
who returned to our health system for any medical reason.
Demographics of the patients who did and did not return
were similar which minimized some unintentional biases.
Nonetheless, it is possible that some patients who did not
return had milder COVID-19 disease, and some might have
died. Some symptoms were not well defined in the EMR
and were difficult to classify into discrete categories. Thus,
we relied on broad symptom categorization which might
have considerable overlap that was difficult to differentiate.
It is challenging to discern whether specialty follow-ups
were related to pre-existing conditions, COVID-19 disease,
or unrelated new medical conditions. Further prospective
studies are needed to distinguish medical care need due to
COVID-19 and pre-existing conditions.

Some COVID-19 symptoms might be over-reported or
exaggerated due to heightened media attention, sensitivity,
and anxiety around COVID-19 disease. Conversely, other
symptoms might be underreported due to anti-anxiety med-
ication use or by patients reporting only specialty-related
complaints and not others. Objective measures are needed
to assess long COVID-19 symptoms.

Analysis with respect to vaccination status was not per-
formed because vaccination status was not consistently
reported in EMR data. For example, patients who received
vaccination from other healthcare providers were not con-
sistently documented in our EMR. This is an inherent limi-
tation of our healthcare system. Finally, the retrospective
nature of this study could result in unintentional patient
selection bias and confounds. Future studies need to include
larger multiple site prospective studies.

Conclusions

This study reported high incidence of persistent symp-
toms and medical specialty care utilization in hospitalized
COVID-19 survivors 1-24 months post-discharge. Com-
mon follow-up visits were cardiology, vascular medicine,
urology, neurology, nephrology, gastroenterology and pul-
monology, some were COVID-19 related or exacerbated by
COVID-19 disease while others were associated with pre-
existing medical conditions. Additional follow-up studies
are needed to evaluate the long-term medical care needs of
COVD-19 survivors.
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