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A B S T R A C T

Case: Serious complications of severe coronavirus disease 2019 (COVID-19) include subcutaneous emphysema
(SE) and pneumomediastinum, which are complicated to treat with conventional Western medicine. We report
how combining Chinese herbal medicine (CHM) with Western medicine quickly resolved a patient’s COVID-19-
associated pulmonary complications, shortened hospital stay and improved quality of life.
Clinical features and outcome: A 59-year-old male with a history of smoking and tumors was diagnosed with
COVID-19 in May 2021. At hospitalization, his oxygen saturation (SpO2) was 80%, he had a continuous severe
cough, rapid shallow breathing, spontaneous SE and pneumomediastinum. By Day 4 of hospitalization, his
condition was worsening despite standard care, so CHM was added. After 3�5 days, his coughing had less-
ened and supplementary oxygen therapy was de-escalated. Nine days after starting CHM, the SE had
completely resolved and the patient avoided intubation. His WHO OS 10-point Scale score had fallen from 6
to 3 points and the modified Medical Research Council Dyspnea Scale score from 4 to 2 points. He was hospi-
talized for 19 days. At 1 week post-discharge, the patient could handle most of his daily activities and experi-
enced minor shortness of breath only when performing labor-intensive tasks. At 1 month, his work output
was restored to pre-COVID-19 levels.
Conclusion: CHM combined with standard Western medicine improved pulmonary function, respiratory rate,
blood oxygen saturation and shortened the hospital stay of a patient with severe COVID-19 complicated by
SE and pneumomediastinum.

© 2021 Elsevier Inc. All rights reserved.
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Introduction

In December 2019, viral pneumonia with an unknown cause was
detected in patients in Wuhan City, Hubei Province, China (Wu et al.,
2020b).1 By late October 2021, over 243 million confirmed cases of
COVID-19 had been reported worldwide since the start of the pan-
demic.2 COVID-19 is highly contagious and is classified by traditional
Chinese medicine (TCM) theory as “pestilent Qi”. The clinical presen-
tation includes fever, dyspnea and pulmonary infiltrates observable
in both lungs by a chest radiograph. Risk factors for death of patients
with COVID-19 include age over 65 years, cardiovascular diseases
(e.g., diabetes and hypertension), a history of cancer, and male sex.3

By the end of October 2021, the Central Epidemic Command Cen-
ter (CECC) of Taiwan reported that infection with COVID-19 had been
laboratory-confirmed in 16,412 cases and a cumulative total of 847
COVID-19 deaths had occurred since 2020. In July 2021, Taiwan’s
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Centers for Disease Control reported that amongst people who had
died in Taiwan of COVID-19, 90% were aged 60 years or more. The
development of acute respiratory distress syndrome (ARDS) in
patients with COVID-19 is also a fatal complication.4 Moreover,
patients with ARDS and COVID-19 have a 7-fold risk of developing
subcutaneous emphysema (SE) and pneumomediastinum.5 SE is
associated with worse outcome in critically ill COVID-19 ARDS
patients.6 The duration of hospital stay, a patient’s survival, and ther-
apeutic approaches that enable rapid hospital discharge to avoid col-
lapse of the healthcare system are important topics worldwide.

We report a case study of a hospitalized patient initially adminis-
tered standard therapy for COVID-19 consisting remdesivir,7 dexa-
methasone and tocilizumab.8 These drugs help to reduce the
mortality rate, but have minimal impact on hospital stay and pulmo-
nary complications after hospital discharge.9,10 In this case, COVID-19
symptoms complicated by SE and pneumomediastinum worsened on
standard treatment. CHM was added to the regimen in an attempt to
ameliorate the clinical respiratory symptoms, shorten the hospital
stay and improve quality of life.

Case presentation

Case

The patient was a 59-year-old male (body mass index 25.59) with
prostate cancer who had undergone cryotherapy 10 years previously
and he was a smoker (0.5 packs per day for 3 years). The patient was
diagnosed with COVID-19 on May 20, 2021, with associated symp-
toms of fever, headache, and a rapid-shallow respiration pattern
(33�36 breaths per minute). As the patient’s condition continued to
worsen, he was hospitalized on May 26, 2021 (Day 1) for further
management in an isolation room of China Medical University Hospi-
tal (CMUH). The patient’s blood oxygen saturation (SpO2) was 80%
under room air, with a respiratory rate of over 30 breaths per minute
associated with respiratory distress, which necessitated oxygen ther-
apy and satisfied the clinical definition of a severe illness.11 During
his hospitalization, the patient’s fever subsided. However, his cough-
ing was severe with blood-tinged sputum and his mouth was dry.
The patient was diagnosed with acute respiratory failure and he was
Fig. 1. The study timeline shows the sequential changes in sympto
given oxygen via a non-rebreathing mask at 15 L/min. Medications
including remdesivir, dexamethasone, tocilizumab, empirical antibi-
otics, and mesenchymal stem cell therapies12 were prescribed. Other
test findings were as follows: PCR cycle threshold (Ct) 32; D-Dimer
levels 661.2 ng/mL (<0.4 mg/mL fibrinogen equivalent units); serum
high-sensitivity C-reactive protein (hsCRP) 10.8 mg/dL; serum lactate
dehydrogenase (LDH) 506 m/L; serum myoglobulin 75 ng/mL; and
fibrinogen 301.4 mg/dL. Chest radiography revealed severe infiltrates
in both lungs. On Day 4, the patient experienced severe shortness of
breath; the Chinese Medicine Outpatient Department was consulted
for CHM treatment. Dyspnea was assessed with the Modified Medical
Research Council (mMRC) Dyspnea Scale13 and graded as 4. The
patient scored 6 points on the World Health Organization Clinical
Progression 10-point Scale,14 necessitating continuous high-flow
oxygen therapy. On Day 7, the patient had SE and pneumomediasti-
num in the lower neck and chest wall. The timeline of sequential
changes in symptoms of the patient and the treatments administered
during the CMUH stay are shown in Fig. 1. Chest X-ray results are pre-
sented in Fig. 2.

Treatment and intervention

Other symptoms included a dry mouth with a thick yellow coating
on the tongue, a change in taste sensation, a bitter taste in the mouth,
diarrhea, and loss of appetite. Within four days of hospitalization, the
patient had lost over 3 kg of body weight (falling from 82 to 78.8 kg).
A TCM prescription, mainly consisting of a modified Ganlu Xiaodu
Decoction,15 was administered to this patient until hospital
discharge. The modified Ganlu Xiaodu Decoction contains Pogoste-
mon cablin, Scutellaria baicalensis, Artemisia capillaris, Houttuynia
cordata,16 Aconitum carmichaelii,17 Plantago asiatica, Lepidium apeta-
lum, Salvia miltiorrhiza, Carthamus tinctorius L., Prunus persica,18

Atractylodes lancea, Rhodiola crenulata, and Codonopsis pilosula.19 The
herbal materials were decocted with water. The patient ingested one
pack three times a day.

During hospitalization, the WHO OS 10-point scale and the mMRC
Dyspnea Scale determined the severity of clinical symptoms. The
WHO OS 10-point scale assessed whether the patient needed to
be hospitalized and measured oxygen use. The mMRC Dyspnea Scale
ms and treatment of the patient during CMUH hospitalization.



Fig. 2. Changes in chest radiographs during hospitalization. (a) Infiltration in the bilateral lung fields on Day 1. (b) Pneumomediastinum and emphysema in the left side of the neck
on Day 7. (c) Pneumomediastinum and emphysema in the bilateral lower sides of the neck and bilateral chest walls on Day 8. (d) Pneumomediastinum and emphysema had disap-
peared gradually in the bilateral lower neck area and bilateral chest walls by Day 17.
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assesses dyspnea severity during daily activities on a scale of 0 (no
breathlessness) to 4 (breathless when dressing or not able to leave
the house). Higher scores in both scales indicate higher severity of
clinical symptoms.

When CHM was combined with conventional medicine for the
patient’s treatment, his clinical symptoms began to improve. Respira-
tory rate was less than 24 breaths per minute and saturation of
peripheral oxygen was stable for 3 consecutive days, as shown in
Fig. 3. The crackling sensation on palpation of the affected area of
subcutaneous emphysema improved gradually. The respiratory sup-
portive system was de-escalated after 3�5 days of CHM treatment.
After 9 days of combination treatment with CHM, the subcutane-
ous emphysema subsided completely; the WHO OS 10-point scale
score was reduced from 6 to 3 points and the mMRC Dyspnea
Scale score was reduced from 4 to 2 points. After a total hospital-
ization of 19 days, the patient was discharged on Day 25, with a
score on the WHO OS 10-point scale of 1 and an mMRC Dyspnea
Scale score of 1.

Post-discharge, the patient could independently manage most of
his daily activities and experienced only mild shortness of breath
when performing labor-intensive tasks. At 1 month of follow-up by
telephone, he reported that he was able to work normally, at the
same level of output as he had prior to COVID-19 infection. Labora-
tory data during hospitalization are shown in Fig. 3. Fig. 4 presents
Fig. 3. Laboratory data durin
the patient’s blood oxygen variations, oxygen therapy requirements,
and clinical pulmonary function evaluations during hospitalization.
Discussion

This middle-aged patient was a smoker with a cancer history who
suffered from COVID-19 with spontaneous SE. A previous study has
reported that patients with COVID-19 complicated by SE have a poor
prognosis, a higher likelihood of intubation and mortality.6 In
patients with severe acute respiratory syndrome (SARS) or COVID-
19, those who develop spontaneous pneumomediastinum (SP) have
a prolonged median length of ICU stay (11 days; interquartile range
6-21) and take longer to completely recover (18 days; interquartile
range 12-28) compared with patients who do not develop SP.5,20 The
addition of CHM to the conventional treatment regimen of this
patient was associated with a shorter hospitalization, better pulmo-
nary function and improved quality of life after discharge, compared
with conventional treatment alone.

Increasingly, people worldwide are seeking complementary and
alternative medicine treatment modalities, due to more positive atti-
tudes towards health and self-care.21,22 An analysis of data from the
2017 Taiwan Survey of Family Income and Expenditure reported that
approximately 78.4% of the general population used TCM in that
g CMUH hospitalization.



Fig. 4. Symptom assessments with the WHO OS 10-point scale and mMRC Dyspnea Scale, with details of oxygen therapy during CMUH hospitalization. LPM: liters per minute.
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year.23 Evidence also shows that the general population has turned to
TCM during the COVID-19 pandemic, with one survey from Hong
Kong conducted from November to December 2020 revealing that
traditional, complementary and integrative medicine was commonly
used there for COVID-19 prevention and treatment.24 An animal
study has indicated that severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) causes hyperinflammation in senescent cells,
increases the expression of viral entry proteins and reduces antiviral
gene expression,25 which indirectly explains the high mortality rates
of older adults with chronic disease who contract SARS-CoV-2 infec-
tion. Fisetin and quercetin are commonly consumed botanical antiox-
idants found in various herbs and used as food supplements. Fisetin
may reverse age-related tissue damage, improve antibody production
and reduce the inflammatory reaction that occurs after infection.26,27

Quercetin has the potential to inhibit the extent of SARS-CoV-2 infec-
tion by binding with the active sites of 3CL and ACE2, the main pro-
teases of SARS-CoV-2, and thus inhibit viral propagation.28 Natural
products may therefore have potential as food supplements to pro-
tect older adults with multiple chronic diseases against bodily harm
caused by COVID-19 infection.

The Ganlu Xiaodu Decoction is amongst the top three most com-
monly prescribed prescriptions for patients with severe COVID-19.29

The formula is well-known for its ability to clear heat and resolve
toxins, based on TCM theory. A cytokine storm in a critically ill
patient may be life-threatening and contribute to multiple organ fail-
ure. We therefore adopted a modified Ganlu Xiaodu Decoction to
reduce extensive lung inflammation and inhibit viral replication. The
mixture of herbal materials in the modified Ganlu Xiaodu Decoction
is shown in Supplementary Table 1.

P. cablin, S. baicalensis and A. capillaris in the Ganlu Xiaodu Decoc-
tion are widely used herbal medicines for their antiviral effects.30�32

S. baicalensis is commonly used for upper respiratory tract infections
and in particular for its anti-influenza viral activities in H1N1 and
H3N2 infections. Moreover, the derivative S. barbata D. Don inhibits
the main proteases of SARS-CoV-2 infection (Mpro and TMPRSS2)
and replication protease activity.33 A. lancea and C. pilosula have been
used in patients with diarrhea to improve gastrointestinal function
and reduce the frequency of diarrhea.19,34 A. lancea has a high affinity
for ACE2 and has been shown to reduce viral reactions in vivo.35 A.
lancea can also attenuate virus-induced lung injury by downregulat-
ing the expression of proinflammatory cytokines interleukin (IL)�6,
IL-1b and tumor necrosis factor alpha (TNF-a) and promoting the
anti-inflammatory role of interferon beta (IFN-b) by upregulating
IFN-b expression.36 However, the underlying mechanisms of these
Chinese herbal medicines remain unclear. It has been proposed that
the active components of multiple herbs may act synergistically to
inhibit SARS-CoV-2 infection.37

COVID-19 infection can result in long-term lung damage. Up to
80% of patients with severe or critical COVID-19 infection will experi-
ence physical complications or mental impairment after ICU dis-
charge.38 Most patients with severe COVID-19 infection have a
persistent cough, shortness of breath and fatigue for some months
after hospital discharge.39,40 Advanced age, more severe illness, dura-
tion of ICU stay and smoking status are all risk factors for pulmonary
fibrosis.41 P. asiatica and L. apetalum have diuretic effects and can
improve pulmonary edema.42 R. crenulatamight act as an immunore-
gulator and prevent the cytokine storm induced by COVID-19.43 S.
miltiorrhiza and C. tinctorius have anti-inflammatory, antioxidant and
antiapoptotic properties; moreover, they slow the progress of irre-
versible pulmonary fibrosis.44,45 S. miltiorrhiza combined with R. cren-
ulatamay have protective effects against pulmonary fibrosis.46,47

We report the details of a patient with SE and pneumomediasti-
num associated with severe COVID-19 infection that occurred
12 days following symptom onset in the absence of mechanical venti-
lation. The patient suffered from painful swelling and palpable crepi-
tus that developed in the cheeks, neck and the chest wall, similar to
symptoms described in a previous report.48 SE is very rare in the gen-
eral population, with fewer than 10 cases per 100,000 annually.49

The prevalence of SE in COVID-19 is still unclear. One study noted
that 13.6% of patients on mechanical ventilation with ARDS and
COVID-19 suffered from SE.5 It is interesting that up to 36% of
patients with COVID-19 infection who were not on mechanical
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ventilation or who were not intubated were observed to have SE in
another study.48 Generally, spontaneous SE without other complica-
tions improves within 3�5 days and completely subsides within
7�10 days. However, mortality is reported to be as high as 30% in
patients with severe COVID-19 complicated by SE.48,50 In our case,
after receiving combination treatment with CHM and Western medi-
cine, the patient’s breathing and blood oxygen saturation improved
and remained stable. Respiratory support was de-escalated from a
non-rebreathing mask to a nasal cannula every 3�5 days. Serum LDH
concentrations continued to fall. SE resolved completely after 9 days,
which is much shorter than the time taken for it to completely sub-
side among patients with comparably severe COVID-19 infection.20,48

The total duration of hospitalization for the current case was 19 days,
shorter than that in a previous retrospective cohort report.51

Conclusion

We have described the case of a patient with severe COVID-19
complicated with SE and pneumomediastinum treated with the mod-
ified Ganlu Xiaodu Decoction. During hospitalization, liver and kid-
ney functions were normal. According to scores on the WHO OS 10-
point scale and mMRC Dyspnea Scale and clinical symptoms under
combination therapy continuously improved during hospitalization,
with noted improvements in the patient’s respiratory rate and blood
oxygen saturation, the short hospital stay and improved quality of
life after discharge.
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