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Neuroleptics used in critical COVID
associated with moderate-severe
dyspnea after hospital discharge
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Dyspnea is a prominent symptom in patients with long COVID due to its high prevalence and
significant clinical impact. However, the influence of commonly used medications in critically ill
patients on long-term dyspnea remains unclear. This study aimed to identify risk factors and assess
the impacts associated with moderate to severe dyspnea in COVID-19 survivors. This study evaluated
patients admitted to a university hospital between April 2020 and April 2021. Data were collected

on clinical preconditions, hospital and ICU stays, and the use of corticosteroids, neuroleptics,
neuromuscular blockers, midazolam, fentanyl, and noradrenaline. Post-discharge evaluations were
conducted at 1 and 12 months, assessing dyspnea, frailty, quality of life, functional capacity, anxiety,
and depression. Descriptive statistics, including frequencies and percentages, were used, and logistic
regression analysis was performed to identify factors associated with moderate to severe dyspnea

at 1 and 12 months post-discharge. Statistical significance was defined as P<0.05. A total of 100
patients were prospectively included in the study; all underwent the 1-month evaluation, and 63
completed the 12-month evaluation. Limiting dyspnea, defined as an mMRC score >1, was observed
in 56.6% of patients at 1 month and 33.9% at 12 months post-discharge. Independent factors
associated with limiting dyspnea at 1 month included the total dose of neuroleptics administered
during hospitalization and the presence of pre-existing comorbidities. The use of corticosteroids,
neuromuscular blockers, midazolam, fentanyl, and noradrenaline showed no significant association
with limiting dyspnea. Dyspnea at 1 month post-discharge was an independent risk factor for the
persistence of limiting dyspnea at 12 months. Patients with limiting dyspnea at 12 months exhibited
higher levels of depression, anxiety, and frailty, alongside reduced quality of life and functionality.
Patients with severe COVID-19 exhibit a high prevalence of limiting dyspnea in the long term. The
total dose of neuroleptics administered during hospitalization and the presence of comorbidities
were independently associated with limiting dyspnea after discharge. At 12 months post-discharge,
individuals with persistent limiting dyspnea frequently demonstrated additional physical and mental
health impairments, underscoring the need for comprehensive evaluation and management to
mitigate the burden of long-term disabilities.
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mMRC Modified British Medical Research Council

WHO World Health Organization

ARDS Acute respiratory distress syndrome

HCFMUSP  Hospital das clinicas da Faculdade de Medicina da Universidade de Sao Paulo
HADS Hospital Anxiety and Depression Scale

SpO2 Peripheral oxygen saturation

IQR Interquartile range

HRQoL Health-related quality of life

ICU Intensive care unit
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OR Odds ratio

CFS Clinical frailty scale
VAS Visual analogue scale
FVC Forced Vital Capacity
Background

First identified in China in late 2019 and declared a pandemic in March 2020, COVID-19 has resulted in millions
of deaths globally, including in Brazil, and has caused high rates of dysfunction among recovering patients. The
World Health Organization (WHO) recommends that patients with confirmed or suspected COVID-19 have
access to follow-up care if persistent symptoms are present'.

Long COVID, defined as symptoms persisting or emerging more than four weeks after acute COVID-19,
has been associated with a range of dysfunctions®. Dyspnea, one of the most prevalent long-term symptoms, is a
multifactorial and patient-centered concern. It has been observed in high proportions during early evaluations
after hospital discharge and remains persistent in some patients even after two years of follow-up?.

The mechanisms underlying long-term complications of COVID-19 may include direct viral tissue damage
to the respiratory system, central nervous system, and other organs®S, as well as the severity of the inflammatory
response’. In patients with acute respiratory distress syndrome (ARDS), respiratory mechanics have been
associated with respiratory dysfunction and mortality in both the acute phase” and the long term?®. Similarly,
in COVID-19, respiratory mechanics have been linked to acute outcomes’. During the critical care of severely
ill patients, medications are often administered at high doses and for prolonged durations, but their long-term
effects remain unclear.

A critical need exists to better understand the risk factors and mechanisms underlying post-COVID dyspnea.
While inconsistent findings have been reported for several risk factors, no studies have specifically focused on
the role of medications used during hospitalization'’.

This study aimed to investigate factors associated with limiting dyspnea after hospital discharge, with a
particular focus on the use of medications in the context of severe COVID-19. Additionally, it sought to identify
the potential long-term impacts of limiting dyspnea.

Methods

We conducted a one-year follow-up study among patients admitted to referral hospitals for SARS-CoV-2
infection between April 2020 and April 2021'!. Following hospital discharge, the patients were evaluated at two
time points: one month and twelve months post-discharge. The study was approved by the Ethics Committee for
the Analysis of Research Projects of HCFMUSP (approval number: 31942020.0.0000.0068). We confirm that all
methods were performed in accordance with relevant guidelines and regulations.

Eligibility criteria for participation included being at least 18 years of age, agreeing to participate in the study,
and signing the informed consent form. Additionally, patients must have been admitted to the hospital with a
confirmed diagnosis of COVID-19. Pregnant patients were excluded.

Participants underwent an initial evaluation, which included an interview to collect personal and
sociodemographic data (e.g., name, age, date of birth, sex, race, marital status, education level, telephone, and
address), medical history (Charlson Comorbidity Index, prior frailty, and EQ-5D-3 L questionnaire), and
disease progression details (e.g., symptom onset, initial symptoms, history of hospitalization, and the need for
respiratory support and oxygen therapy).

Dyspnea was assessed using the modified British Medical Research Council (mMRC) Dyspnea Scale'?. This
scale allows patients to report the extent to which breathlessness affects their mobility. It is graded on a 0-4 scale
to establish clinical levels of breathlessness. Patients who scored 2, 3, or 4 were classified as having moderate to
severely disabling post-COVID dyspnea.

Frailty was evaluated using the Clinical Frailty Scale, which comprises nine clinical criteria. Patients were
classified as frail, pre-frail, or non-frail based on observations made by healthcare professionals and patient-
reported information'®. Anxiety and depressive symptoms were assessed using the Hospital Anxiety and
Depression Scale (HADS). The HADS-Anxiety and HADS-Depression subscales each contain seven items
scored on a 4-point Likert scale (0-3), with a maximum score of 21 per subscale. A cut-off score of >8 was
applied to identify anxiety or depressive symptoms, based on established sensitivity and specificity thresholds'.

Quality of life was measured using the EQ-5D, a standardized and simple health instrument. The EQ-5D-3 L
descriptive system evaluates five dimensions of health: mobility, self-care, usual activities, pain/discomfort, and
anxiety/depression. Each dimension is rated using a 3-level verbal scale (1=no problems, 2=some problems,
3 =extreme problems), generating a single-digit score per dimension'>.

The Medical Research Council (MRC) Sum Score was used to evaluate global muscle strength. Strength in
six muscle groups (shoulder abduction, elbow flexion, wrist extension, hip flexion, knee extension, and ankle
dorsiflexion) was assessed bilaterally using the MRC scale. The total score ranges from 0 to 60, with scores below
48 indicating significant weakness and scores below 36 identifying severe weakness!®.

The one-minute sit-to-stand test was also conducted, recording baseline heart rate, blood pressure, respiratory
rate, and SpO2 using a standard-height chair positioned next to a wall, as previously described!’. Participants
were instructed to stand and sit as many times as possible within one minute at a comfortable pace without using
their arms for support. Desaturation nadirs, post-exercise heart rate, and respiratory rate were monitored until
values returned to baseline.

Pulmonary function testing (PFT) was performed 1 month after discharge using the MedGraphics
Cardiorespiratory Diagnostic System (Medical Graphics Corporation, USA). All tests were done according
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to Brazilian guidelines and reference ranges were calculated based on statistics formulated from the Brazilian
population.

Potential risk factors for dyspnea at one and twelve months post-discharge were evaluated, including sex,
age, pre-COVID frailty, Charlson Comorbidity Index, ICU and hospital length of stay, total corticosteroid doses
(converted to dexamethasone equivalents and categorized into quartiles)'®, total neuroleptic doses (converted to
quetiapine equivalents and categorized into quartiles)”, and duration of midazolam, fentanyl, muscle relaxant,
and norepinephrine use. For dyspnea at twelve months, additional factors included frailty and dyspnea status at
one month post-discharge.

Demographic characteristics and long-term COVID-19 outcomes were presented as medians (interquartile
ranges) for continuous variables and as absolute values with percentages for categorical variables. The Wilcoxon
signed-rank test was used to compare frailty, health-related quality of life (HRQoL), clinical functionality, muscle
weakness, and HADS scores for anxiety and depression between patients with and without limiting dyspnea.
Associations between moderate to severe dyspnea and pre-selected risk factors—including sex, age, Charlson
Comorbidity Index, pre-COVID frailty, cumulative corticosteroid dose (quartiles), cumulative neuroleptic dose,
duration of neuromuscular blockade, fentanyl days, midazolam days, noradrenaline days, duration of mechanical
ventilation, length of ICU stay, length of hospital stay, forced vital capacity (FVC, % of predicted) one month
post-discharge, dyspnea one month post-discharge, and frailty one month post-discharge—were analyzed at one
and twelve months post-discharge. Initially, a univariate analysis was conducted for all the specified parameters,
followed by a multivariate logistic regression model incorporating only those parameters that demonstrated
statistical significance in the univariate analysis.

All significance tests were two-sided, with a p-value <0.05 considered statistically significant. Missing data
were not imputed. All statistical analyses were performed using R, version 4.2.2.

Results

During the recruitment period (April 2020-July 2021), 108 patients were referred to the post-COVID service
following hospital discharge. Of these, 100 patients were evaluated one month after discharge, and 63 patients
were followed up 12 months after discharge (Fig. 1). No significant differences were observed between patients
who completed the 12-month follow-up and those lost to follow-up in terms of sex, age, comorbidities, length of
stay in the intensive care unit (ICU) or hospital, or use of mechanical ventilation.

Among the enrolled patients, 50 were male, and the median age was 59 years. A total of 89 patients had ICU
stays exceeding 24 h, and 67 patients required mechanical ventilation for more than 24 h. Only three patients
reported pre-existing pulmonary conditions: two had asthma, and one had bronchiectasis.

In terms of corticosteroid use, 46 patients received dexamethasone, 39 received methylprednisolone, and 48
received prednisone. After conversion to dexamethasone-equivalent doses, the median total dose of hospital-
administered corticosteroids was 60 mg (range: 0-130.8 mg). Regarding neuroleptics, 60 patients received
quetiapine, 9 received risperidone, and 23 received haloperidol. After conversion to quetiapine-equivalent doses,
the median total dose of hospital-administered neuroleptics was 225 mg (range: 0-1158 mg). Midazolam was
used for a median of 4 days (range: 0-7 days), fentanyl for 5 days (range: 0-10 days), muscle relaxants for 2 days
(range: 0-5 days), and norepinephrine for 3 days (range: 0-7.5 days).

Dyspnea was assessed in 83 patients at 1 month and in 56 patients at 12 months. The prevalence of limiting
dyspnea, defined as an mMRC score > 1, was 56.6% (47/83) at 1 month and 33.9% (19/56) at 12 months.

Baseline and hospitalization data for all patients, as well as for those who experienced limiting dyspnea at 1
and 12 months post-discharge, are summarized in Table 1.

Risk factors for dyspnea
At 1 month post-discharge, univariate analysis identified the Charlson Comorbidity Index, ICU length of stay,
hospital length of stay, cumulative corticosteroid dose, and cumulative neuroleptic dose as potential risk factors
for dyspnea (Table 2). In multivariate analysis, significant risk factors included the Charlson Comorbidity Index
(OR 1.27, 95% CI 1.02-1.63) and cumulative neuroleptic dose (OR 1.82, 95% CI 1.10-3.14) (Fig. 2).

At 12 months post-discharge, frailty at 1 month (P<0.01) and dyspnea at 1 month (P<0.01) were identified
as significant risk factors in univariate analysis (Table 2). In multivariate analysis, dyspnea at 1 month post-
discharge (OR 3.65, 95% CI 1.63-9.68) was the sole independent risk factor for dyspnea at 12 months (Fig. 3).

Impact of dyspnea at 12 months
Patients with dyspnea at 12 months exhibited greater frailty, poorer quality oflife, increased mobility dysfunction,
and higher levels of depression and anxiety compared to those without dyspnea (Table 3; Fig. 4).

Discussion

In evaluating limiting breathlessness among survivors of severe COVID-19 hospitalization, our study is the first
to identify an independent association between the total dose of neuroleptics administered during hospitalization
and the development of post-COVID dyspnea. This association persisted even after adjusting for other well-
known risk factors for COVID-19 severity, including duration of mechanical ventilation, norepinephrine use,
and length of ICU or hospital stay.

Dyspnea is a complex, multifactorial, and subjective experience of breathing discomfort influenced by
physiological, psychological, and environmental factors?® 2. It is inconsistently correlated with traditional
measures of lung function or imaging findings?»?>. Consistent with prior studies, we observed a high prevalence
of dyspnea following severe COVID-19*4, suggesting that its etiology likely involves a combination of
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Fig. 1. Flow chart of the patients evaluated to the study.

interrelated factors. By identifying neuroleptic use as a risk factor, our findings add an important dimension to
this multifactorial puzzle.

Delirium rates in mechanically ventilated COVID-19 patients are notably high, comparable to those observed
in patients with similar critical illness unrelated to COVID-19%*. ICU admission, prolonged mechanical
ventilation, and high sedation doses are key contributors to delirium, with possible additional contributions
from direct neuronal injury caused by SARS-CoV-2%. Our patient cohort was at high risk for delirium, as 89%
had ICU stays and 67% required mechanical ventilation.

In this context, neuroleptics were frequently used, often at high doses, primarily during ICU stays. The
adverse effects of anticholinergic medications in critically ill patients include short-term sedation, respiratory
depression, QTc prolongation, and daytime sedation, all of which could contribute to the observed association
with post-COVID dyspnea?®?”. While further studies are needed to clarify this relationship, our findings support
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Parameter All patients | Patients with dyspnea after 1 month | Patients with dyspnea after 12 months
Female sex N (%) 50 (50) 24 (51) 13 (68.4)

Age 59.5 (49-67) | 63 (53-71.5) 63 (50-73)
Charlson index 4(2-5) 4 (2-6.25) 4.5 (3-6.75)
Frailty pré-COVID 3(2-3) 3(2-3) 3(2.25-4)

Time symptoms to hospital admission 9 (7-12) 9(7-12) 9(6.5-11.5)
Muscle blocker days 2(0-5) 2 (0-5.5) 1(0-3.5)
Fentanyl days 5(0-10) 5(0-12) 4(0-8.5)
Midazolam days 4(0-7) 4(0-7.5) 3(0-6.5)
Noradrenaline days 3(0-7.5) 5(0-7.5) 2(0-4.5)
Cumulative corticoid dose (after conversion to dexamethasone - mg) | 60 (0-130.8) | 85 (50-186.5) 66 (26.5-143.5)
Cumulative neuroleptic dose (after conversion to quetiapine - mg) 225(0-1158) | 725 (175-1838) 475 (12.5-2648.5)
Time in mechanical ventilation 6 (0-12.25) 7 (0-14) 11 (2-19)

Length of stay in ICU 12 (6-21) 17 (7.5-24) 11 (2-19)

Length of stay in hospital 23 (15-34.25) | 30 (20-41) 23 (14.5-36.5)
FVC (% of predicted) after 1 month from discharge 71 (62-78.5) | 67.5(52.25-76.0) 69.5 (59.25-78.0)

Table 1. Caracteristicas of all patients (100 patients), patients with moderate-severe dyspnea after 1 month (47
patients) and after 12 months (19 patients) from hospital discharge. ICU: Intensive care unit; FVC: Forced vital
capacity.

Parameters 1 month 12 months
P OR (CI95%) P OR (CI95%)

Female sex 0.39 1.47 (0.62-3.51) | 0.16 2.40 (0.77-8.10)
Age 0.05 1.03 (1.00-1.08) | 0.29 1.02 (0.97-1.08)
Charlson index 0.04 1.20 (1.01-1.47) | 0.11 | 1.19 (0.96-1.49)
Frailty pre-COVID 0.52 1.13 (0.76-1.72) | 0.14 1.48 (0.88-2.60)
Corticoids (quartiles) <0.01 1.80 (1.18-2.82) | 0.47 1.18 (0.72-1.98)
Neuroleptics (quartiles) <0.01 1.94 (1.33-2.92) | 0.48 1.20 (0.76-1.89)
Muscle blocker days 0.28 1.10 (0.96-1.28) | 0.19 0.90 (0.73-1.07)
Fentanyl days 0.13 1.06 (0.99-1.15) | 0.36 0.96 (0.86-1.05)
Midazolam days 0.36 1.04 (0.96-1.14) | 0.46 | 0.96 (0.85-1.07)
Noradrenaline days 0.14 1.07 (1.00-1.17) | 0.87 | 0.99 (0.88-1.10)
Time in mechanical ventilation 0.24 1.03 (0.99-1.08) | 0.81 0.99 (0.93-1.05)
Length of stay in ICU 0.01 1.05 (1.01-1.10) | 0.73 | 0.99 (0.94-1.03)
Length of stay in hospital <0.01 1.05 (1.02-1.09) | 0.50 1.01 (0.97-1.04)
FVC (% of predicted) after 1 month from discharge | 0.09 0.97 (0.94-1.01) | 0,16 0.97 (0.93-1.01)
Dyspnea 1 month after discharge Not applicable | Not applicable | <0.01 | 4.19 (2.07-10.2)
Frailty 1 month after discharge Not applicable | Not applicable | <0.01 | 2.27 (1.29-4.42)

Table 2. Univariate and multivariate analysis for risk factors to moderate-severe dyspnea after 1 month and
12 months (P value). ICU: Intensive care unit; OR: odds ratio; CI95%: Confidence intervals 95%; FVC: Forced
vital capacity.

the growing evidence that alternative approaches to managing ICU delirium should be prioritized, given the
limited efficacy of neuroleptics and their potential for adverse effects®.

The absence of an association between corticosteroid use and dyspnea in our study aligns with previous
findings%. Similarly, no relationships were observed between dyspnea and the duration of medications typically
used during critical illness, such as fentanyl, midazolam, norepinephrine, or neuromuscular blockers, which are
commonly associated with COVID-19 severity.

Our findings suggest a potential link between neuroleptic use during COVID-19 hospitalization and
dyspnea, as measured by the mMRC Scale. Future research should include additional assessments, such as
diffusion capacity tests, imaging studies, and exercise tests, to evaluate the multidimensional nature of dyspnea
and further investigate its underlying mechanisms.

Patients experiencing dyspnea 12 months post-COVID exhibit significant physical and mental health
dysfunctions, which may contribute to and exacerbate their breathlessness. Reduced quality of life in post-
COVID patients has been well-documented*, and our results suggest that dyspnea plays a significant role
in this impairment. These findings underscore the importance of a patient-centered approach to identifying
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Fig. 2. Multivariate analysis of moderate-severe dyspnea after 1 month post discharge from hospital.

and treating comorbidities, such as anxiety, depression, and muscle weakness, that may alleviate dyspnea and
improve overall outcomes. However, addressing these comorbidities was beyond the scope of this study.

The strengths of our study include its longitudinal design with a long follow-up period, comprehensive data
collection during hospitalization, and a high proportion of patients admitted to the ICU.

However, several limitations must be acknowledged. First, the moderate response rate at 12 months could
introduce selection bias. Nonetheless, no significant differences were observed between follow-up participants
and those lost to follow-up in terms of key baseline and hospitalization parameters.

Second, delirium was not systematically measured during ICU stays, making it possible that the effect
attributed to neuroleptics could be confounded by delirium. However, the dose-response relationship observed
and the lack of association between dyspnea and other pharmacological risk factors for delirium, such as
midazolam, suggest an independent effect of neuroleptics.

Third, this single-center study focused on patients hospitalized during the early stages of the pandemic. Thus,
the findings may not fully extend to patients infected with later SARS-CoV-2 variants. Nonetheless, as the largest
university hospital in Brazil, our center serves a diverse population of approximately 21 million people in the Sao
Paulo metropolitan region, providing broad generalizability®.

Fourth, as with most post-COVID follow-up studies, self-reported comorbidities and health outcomes may
introduce information bias.
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Fig. 3. Multivariate analysis of moderate-severe dyspnea after 12 months post discharge from hospital.

Parameter No to mild dyspnea | Moderate-severe dyspnea | P Value
Frailty (CFS score) 3.00 (3.0-3.0) 5.0 (4.0-5.0) P<0.01
Muscle Weakness (MRC score) 56 (55-58.75) 53 (46.5-56.25) P=0.01
EQ-5D (VAS) 80 (80-90) 70 (50-78.75) P<0.01
Depression (HADS score) 8(8-10.2) 16 (14-18.35) P<0.01
Anxiety (HADS score) 9.5 (8-12) 14 (12-20) P<0.01
Repetitions during sit up 1 min test | 20 (18-22.5) 13.5(12-17.5) P<0.01

Table 3. Dysfunctions associated with moderate-severe dyspnea after 12 months from discharge by COVID.
CFS: Clinical frailty scale; MRC: Medical research council; VAS: Visual analogue scale; HADS: Hospital anxiety
and depression scale.

Scientific Reports | (2025) 15:6744 | https://doi.org/10.1038/s41598-025-91010-2 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Number
0 10 20 30 40 50 60
L | | | | | |
EEDO
0=
§ % a%g
S 33§
=z s § )
@
3
72
D
=
)
[}
®
c
o 2
3 =
z 2 >
[} <
— 3 =g
w (_D
w
o
o
-
>
2
g
Q
[1°]
o
@®
7]
o
-
Number
0 20 40 60 80 100
| | | ] |
mEOD
n=
= l gi 3
g 33%
@
a
W
[1°])
=
O
O
@®

yuswiq
Jo® [ensn

Fig. 4. EQ-5D-3 L dimensions in patients with dyspnea after 1 month (A) and 12 months (B).

Finally, we did not exclude patients with pre-existing pulmonary diseases, though only 3% of participants
reported such conditions. While undiagnosed pulmonary diseases could potentially influence the results, their
impact is likely negligible.

In conclusion, our study highlights an important association between neuroleptic use during COVID-19
hospitalization and the persistence of dyspnea in long-term survivors. These findings warrant further
investigation and emphasize the importance of considering alternative treatments for ICU delirium to minimize
potential adverse effects.
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Conclusions

Patients with long-term COVID exhibit a high prevalence of limiting dyspnea, which cannot be solely attributed
to the severity of the acute illness. The total dose of neuroleptics administered during hospitalization was
independently associated with the occurrence of dyspnea 1 month after discharge. At 12 months, patients who
continued to experience dyspnea also presented with multiple physical and mental health disorders. These
findings highlight the necessity of comprehensive evaluation and management strategies to address the burden
of symptoms associated with long-term COVID and improve patient outcomes.

Data availability
The datasets used and/or analyzed during the current study are available from the corresponding author on
reasonable request.
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