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Abstract
BACKGROUND
The coronavirus disease 2019 (COVID-19) pandemic has become an immense
public health burden, first in China and subsequently worldwide. Developing
effective control measures for COVID-19, especially measures that can halt the
worsening of severe cases to a critical status is of urgent importance.

CASE SUMMARY
A 52-year-old woman presented with a high fever (38.8 °C), chills, dizziness, and
weakness. Epidemiologically, she had not been to Wuhan where COVID-19
emerged and did not have a family history of a disease cluster. A blood test
yielded a white blood cell count of 4.41 × 109/L (60.6 ± 2.67% neutrophils and 30.4
± 1.34% lymphocytes). Chest imaging revealed bilateral ground-glass lung
changes. Based on a positive nasopharyngeal swab nucleic acid test result and
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clinical characteristics, the patient was diagnosed with COVID-19. Following
treatment with early non-invasive ventilation and a bundle pharmacotherapy,
she recovered with a good outcome.

CONCLUSION
Early non-invasive ventilation with a bundle pharmacotherapy may be an
effective treatment regimen for the broader population of patients with COVID-
19.

Key words: COVID-19; Non-invasive ventilation; Bundle pharmacotherapy; Case report;
Pneumonia; Coronavirus

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: The coronavirus disease 2019 (COVID-19) outbreak has become a public
health emergency of international concern. Establishing effective control measures is of
urgent importance. We here report a case of severe COVID-19. The patient was treated
successfully with early non-invasive ventilation when her arterial oxygen partial
pressure/fractional inspired oxygen ratio dropped below 200 mmHg, and a bundle
pharmacotherapy which included an antiviral cocktail (lopinavir/ritonavir plus α-
interferon), an immunity enhancer (thymosin), a corticosteroid to reduce pulmonary
exudation (methylprednisolone), a traditional Chinese medicine-derived anti-
inflammatory prescription (Xuebijing), and an anti-coagulant to prevent deep vein
thrombosis (heparin). Early non-invasive ventilation with a bundle pharmacotherapy
may be an effective regimen for patients with COVID-19.

Citation: Peng M, Ren D, Liu XY, Li JX, Chen RL, Yu BJ, Liu YF, Meng X, Lyu YS.
COVID-19 managed with early non-invasive ventilation and a bundle pharmacotherapy: A
case report. World J Clin Cases 2020; 8(9): 1705-1712
URL: https://www.wjgnet.com/2307-8960/full/v8/i9/1705.htm
DOI: https://dx.doi.org/10.12998/wjcc.v8.i9.1705

INTRODUCTION
Disease severity associated with the ongoing pandemic caused by infection with the
2019 novel coronavirus (2019-nCoV) varies substantially, with the primary symptoms
being fever, cough, and shortness of breath, and a potential for the development of
pneumonia and other sequelae. A cluster of cases occurred in the Huanan seafood
market in the Jianghan District of Wuhan, Hubei Province, China in December 2019[1].
Although the source, route, and extent of transmission of the 2019-nCoV were not
fully clear, a panel of experts assigned by the National Health Commission of China
believed that it could be transmitted from person to person[2].

Most patients with confirmed 2019-nCoV infection and consequent coronavirus
disease 2019 (COVID-19) exhibit fever, radiographic ground-glass lung changes, a
normal (or low) white blood cell count (WCC), and hypoxemia. Meanwhile, some
people have tested positive for 2019-nCoV without developing a fever or other serious
symptoms[3,4]. So far, there is no standard treatment for COVID-19, especially effective
measures that can prevent worsening of the illness. Here, we report a case of a patient
who had severe COVID-19 with fever and was treated successfully.

CASE PRESENTATION

Chief complaints
On admission to our department, she complained of persistent body aches that had
begun 10 d previously, a sporadic cough with white sputum, and 1 d of fever.

History of present illness
One day before being admitted to our hospital (7 pm, January 25, 2020), a 52-year-old
woman (body mass index, 24.4) presented at Shenzhen People’s Hospital with a high
fever (38.8 °C), chills, dizziness, and weakness. As an outpatient there, she underwent
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a  chest  computed  tomography  scan  (CT)  that  showed  signs  of  possible  viral
pneumonia (Figure 1). Consequently, she was isolated immediately and transferred
within a day by a negative pressure ambulance to our institution, the Third People’s
Hospital of Shenzhen, which is a designated hospital for COVID-19 .

Besides the chief  complaints  mentioned above,  she indicated that  she had not
experienced shortness of breath, chest tightness, or chest pain. She reported that she
had taken an antibiotic (potassium amoxicillin clavulinate dispersible tablets) and
golden lotus (traditional Chinese medicine soft capsules) but achieved no relief.

History of past illness
Her medical history included hypertension and gout, but she was not taking any
medications on regular basis.

Personal and family history
Epidemiologically, she had not been to Wuhan in the past year and did not have a
family history of a disease cluster.

Physical examination upon admission
At  the  time  of  admission,  she  had  a  fever  of  38  °C,  a  respiratory  rate  of  24
breaths/min, a heart rate of 87 beats/min, and a blood pressure of 154/79 mmHg. No
other abnormal findings were revealed by physical examination.

Laboratory examinations
A blood test yielded a WCC of 4.41 × 109/L (60.6% ± 2.67% neutrophils and 30.4% ±
1.34% lymphocytes). Arterial blood gas testing showed an arterial oxygen partial
pressure (PaO2) of 52.8 mmHg with 21% of fractional inspired oxygen (FiO2), yielding
a PaO2/FiO2 ratio (P/F ratio) of 251 mmHg. Renal and liver function test results were
unremarkable.

Imaging examinations
A chest CT showed bilateral ground-glass lung changes (Figure 2).

FINAL DIAGNOSIS
We diagnosed this patient with suspected COVID-19 based on the symptoms of fever
and cough, lung changes on CT, and a normal WCC and lymphocyte percentage.
After admission, a diagnosis of COVID-19 was confirmed with a positive 19-nCoV
nasopharyngeal swab nucleic acid test. Her COVID-19 presentation was classified as a
severe type because her P/F ratio was less than 300 mmHg[2].

The final diagnosis of the presented case is  severe COVID-19 with respiratory
failure.

TREATMENT
The  patient  was  given  supplemental  inhaled  oxygen  (5  L/min,  FiO2  41%)  and
prescribed a bundle therapy including: Lopinavir/ritonavir antiviral tablets (500
mg/12 h) with α-interferon (5.0 × 106 U/12 h, atomized inhalation), thymosin (1.6
mg/d,  subcutaneous  injection),  methylprednisolone  (40  mg/d for  the  first  3  d),
Xuebijing (100-mL injection/12 h), and low-molecular-weight heparin (4.0 kIU/d,
subcutaneous injection).

Following medium-flow nasal oxygen (5 L/min, FiO2 41%) for 2 h, the patient’s
condition had not improve. She complained of shortness of breath and her respiratory
rate was about 26 breaths/min. Therefore, she was started on high-flow nasal cannula
oxygen (HFNC) with 50 L/min of flow and a 60% FiO2. In the first 2 d after admission,
the patient’s fever came down gradually and her P/F ratio was sustained in the range
of 209-246 mmHg. However, during the night of the 3rd d after admission (January 28),
she coughed badly without sputum, and experienced dyspnea, even on HFNC. She
was transferred to the intensive care unit (ICU) at 00:08 on January 29. Immediately
upon her admission to the ICU, she had a P/F ratio of 127 mmHg and was thus
placed on non-invasive ventilation (NIV; inspired positive airway pressure 12 cmH2O,
expiratory positive airway pressure, 6 cmH2O, FiO2 60%). Subsequently, we observed
a gradual improvement in her P/F ratio, which reached 320 mmHg on February 4,
2020 when the patient was able to breathe effortlessly and reported feeling well.
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Figure 1

Figure 1  Chest computed tomographic findings before treatment (Shenzhen People’s Hospital, January 25, 2020).

OUTCOME AND FOLLOW-UP
A follow-up chest CT performed on February 20, 25 d after admission, showed that
the patient’s bilateral ground-glass lung changes had been mostly absorbed (Figure 3).
Concurrently, the patient met the criteria for post-COVID-19 discharge: A normal
body temperature for > 3 d, alleviation of respiratory symptoms, majority resolution
of radiological lung changes, and two consecutive negative respiratory nucleic acid
tests with a sampling interval of ≥ 1 d. She was discharged on March 3.

DISCUSSION
COVID-19 outbreaks, which started on December 12, 2019, had already caused 2794
laboratory-confirmed infections with 80 fatal cases by January 26, 2020[5]. Initially,
2019-nCoV  infections  spread  to  several  provinces  in  China,  and  then  to  other
countries, developing into a worldwide pandemic with over a million cases, and over
80 000 deaths, as of the time of the wiring of this report. In response, the Chinese
government and medical institutions have mobilized substantial resources and have
undertaken a variety of measures to treat patients proactively and limit the spread of
the COVID-19[6]. However, curbing the spread of 2019-nCoV infections has proven to
be extremely difficult given that it has been estimated to have a basic reproduction
rate of  2.2 (90% confidence interval,  1.4-3.8),  indicating a potential  for sustained
human-to-human transmission[7].
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Figure 2

Figure 2  Chest computed tomographic findings when the patient’ condition was deteriorating (the Third People’s Hospital of Shenzhen, January 28, 2020).

Characteristics of COVID-19 include exponential disease contagion, atypical clinical
symptoms that can lead to missed diagnosis and misdiagnosis, as well as difficult
detection and assessment during the early stages of infection. COVID-19 should be
suspected in patients exhibiting fever, cough, myalgia, weakness, and dyspnea. Chest
CT may enable  early  detection of  COVID-19,  and should be ordered in  patients
showing at least some of these symptoms[3,4]. In the present case, a clinical diagnosis
was based on the presence of fever with a normal WCC/lymphocyte percentage and
bilateral ground-glass lung changes on CT, and then confirmed with nucleic acid
testing.

Early appropriate respiratory support is critical for optimizing the prognosis of
patients with COVID-19. In a study of 138 hospitalized patients with COVID-19 in
Wuhan, China[8], it was determined that, from the appearance of the first symptoms of
infection, it may take 5 d for dyspnea to develop, and only 8 d for progression to acute
respiratory distress syndrome. In a study of 36 patients with COVID-19 requiring
intensive care, Wang et al[8] reported that 4 patients (11.1%) received high-flow oxygen
therapy, 15 (41.7%) received NIV, and 17 (47.2%) received invasive ventilation (4 were
switched  to  extracorporeal  membrane  oxygenation).  They  observed  an  overall
mortality rate of 4.3%[8]. The present case highlights the importance of early detection
of disease severity and appropriate selection of respiratory support for COVID-19
patients  with respiratory failure.  Our patient  received early appropriate  oxygen
therapy that  enabled her  to  overcome an oxygen deficit,  allowing her  organs to
continue to function normally. We applied, sequentially, medium-flow nasal oxygen,
HFNC, and finally NIV when the patient’s P/F ratio dropped below 200 mmHg. We
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Figure 3

Figure 3  Chest computed tomographic findings when the patient was on recovery (the Third People’s Hospital of Shenzhen, February 20, 2020).

determined  the  choice  of  oxygen  therapy  based  on  each  patient’s  respiratory
condition, in particular the P/F ratio, and proceed from low to high support, starting
from medium-flow nasal oxygen to HFNC and NIV under close clinical monitoring.

We advocate that NIV be initiated without hesitation when the P/F ratio drops
below 200 mmHg. Safe and effective NIV requires a proficient (1 + 1):1 team [i.e., (1
doctor + 1 nurse):1 patient] adhering to the provision of strict protective clothing. If
the patient’s condition does not improve and his or her P/F ratio remains persistently
below 200 mmHg after 2 h of NIV, invasive mechanical ventilation should be applied
immediately.  For  our  present  patient,  after  NIV,  her  respiratory  and  P/F  ratio
improved gradually.  Because NIV provided enough oxygen for  her,  she did not
require a higher level of respiratory support.

Pharmacologically,  we applied  a  bundle  therapy which  included an antiviral
cocktail (lopinavir/ritonavir plus α-interferon), an immunity enhancer (thymosin), a
corticosteroid to reduce pulmonary exudation (methylprednisolone), a traditional
Chinese medicine-derived anti-inflammatory prescription (Xuebijing), and an anti-
coagulant to prevent deep vein thrombosis (heparin). No randomized controlled trials
with a specific anti-coronavirus agent have been conducted with respect to COVID-19
therapy or prophylaxis. Reports using historically matched controls have suggested
that treatment with α-interferon combined with a steroid and protease inhibitors
could be useful[9]. The antiviral cocktail (lopinavir/ritonavir plus α-interferon) given
to this patient was consistent with the national guidelines for COVID-19 treatment in
China[2]. Lopinavir/ritonavir acts mainly on the replication phase of virus invasion.
Lopinavir  is  an  HIV  protease  inhibitor  that  blocks  the  division  of  the  Gag-Pol
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polyprotein, leading to the production of immature, noninfectious viral particles.
Ritonavir, an active mimicry inhibitor of HIV-1/2 aspartic protease, can inhibit HIV
protease,  generate  immature  HIV  particles,  and  interrupt  the  infection  cycle.
Additionally, it inhibits cyp3a-mediated metabolism of lopinavir, leading to higher
systemic lopinavir concentrations.

Adjuvant steroid therapy has been reported to be useful for coronavirus- infected
patients[9]. However, it has been reported that large dose glucocorticoids in the early
stage may disrupt patients’ metabolism and modify immunosuppression of severe
acute  respiratory  syndrome in  a  manner  that  leaves  patients  at  risk  of  a  severe
secondary  infection[10].  Moreover,  compared  to  patients  who  received  lower
cumulative doses over a shorter period of time, severe acute respiratory syndrome
patients who received higher cumulative doses and longer treatment durations of
steroids have been reported to be more likely to later develop osteonecrosis[11]. Thus,
to  curtail  these  risks,  it  would  be  prudent  to  reduce  the  risk  of  steroid  use  by
minimizing steroid dose and duration of administration in COVID-19. The present
patient  received  40  mg/d  methylprednisolone  for  3  d,  during  an  early  disease
progression phase characterized by dyspnea development and rapid worsening of
signs of lung pathology, in accordance with the guidelines for the diagnosis and
treatment of COVID-19 released by the National Health Commission of China (Trial
Version 5)[2].

Injection of  Xuebijing,  the dominant  components  of  which are  hydroxysafflor
yellow A, oxy-paeoniflorin, senkyunolide I,  and benzoylpaeoniflorin[12],  has been
reported to lead to improved pneumonia severity, and reduced ICU stay duration,
mechanical ventilation duration, and mortality in critically ill patients with severe
pneumonia[13] through modulation of the production of cytokines, particularly tumor
necrosis factor-α and interleukin-6[14].  For our patient, we used Xuebijing (100-mL
injection/12 h) to counter patient’s inflammatory response in accordance with the
national guidelines for COVID-19 management[2].

CONCLUSION
Our  patient  responded  well  to  a  combination  of  early  NIV  with  a  bundle
pharmacotherapy and had a good outcome. We recommend that this treatment plan
be considered for patients with severe COVID-19.
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