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A B S T R A C T   

Background: The practical experiences of active pharmacists involved in managing critically ill patients with 
coronavirus disease 2019 (COVID-19) have been rarely reported. 
Objective: This work aimed to share professional experiences on medication optimization and provide a feasible 
reference for the pharmaceutical care of critically ill patients with COVID-19. 
Methods: This study was conducted in a COVID-19-designated hospital in China. A group of dedicated clinical 
pharmacists participated in multidisciplinary rounds to optimize the treatments for critically ill patients with 
COVID-19. Consensus on medication recommendations was reached by a multidisciplinary team through bi-daily 
discussion. Related drug, classification, cause, and adjustment content for recommendations were recorded and 
reviewed. 
Results: A total of 111 medication recommendations were supplied for 22 out of 33 (56.7%) critically ill patients 
from 1 February 2020 to 18 March 2020, and 106 (95.5%) of these were accepted. Among these recommen-
dations, 64 (67.7%), 32 (28.8%), and 15 (13.5%) were related to antibiotics and antifungals, antiviral agents, 
and other drugs, respectively. Recommendation types significantly differed for different anti-infectives (p <
0.05). For antibiotics and antifungals, treatment effectiveness accounted for 60.9% of recommendation types, 
with 15 (38.5%) cases related to untreated infections. For antiviral agents, adverse drug events were the most 
common recommendation types (84.4%), with 20 (74.1%) cases related to liver function dysfunction. Discon-
tinuation of suspected antiviral agents (66.7%) was usually recommended after the occurrence of adverse events 
that may progress and bring poor outcomes. 
Conclusion: Forceful and extensive on-ward participation is recommended for clinical pharmacists in managing 
critically ill patients. Our experiences highlight the need for special attention toward untreated infections and 
adverse events related to antiviral agents.   

Introduction 

Since December 2019, severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) has globally spread and accounted for a consider-
able number of human morbidity and mortality in over 200 countries, 
areas, or territories worldwide.1,2 The disease caused by this virus was 
named as coronavirus disease 2019 (COVID-19) by the World Health 
Organization.3 Patients developing severe COVID-19 require hospitali-
zation and approximately 5%–10% of patients need intensive care unit 
(ICU) admission.4 Critically ill patients generally have an advanced age 
and a high prevalence of comorbidities such as acute hypoxemic 

respiratory failure, liver function injury, and secondary infection.5 As an 
exceptional circumstance, repurposed and experimental therapies 
without strong evidence are offered to these patients.6 Multiple symp-
tomatic medications, such as antibiotics, corticosteroids, and antifungal 
drugs, are also commonly used in ICUs.7 Owing to the complex patho-
physiology of these patients, the limited experience of antiviral treat-
ments, and the frequent changes in drug therapy, health care providers 
must deal with complex drug-related problems originating from either 
treatment effectiveness or potential adverse events. 

Clinical pharmacists can monitor and evaluate medication therapy, 
provide dose adjustments, reduce multiple medical errors, and therefore 
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have gradually been an essential part of health care teams in ICUs.8–10 

However, their practical experiences in managing of critically ill pa-
tients with COVID-19 have been rarely reported. Most of the available 
guidelines didn’t include detailed recommendations for pharmacist 
service on this particular population.1,11,12 As a rapid response to the 
pandemic, a multidisciplinary team was organized in a designated 
hospital in Zhejiang Province, China. As important members of this 
team, dedicated clinical pharmacists participated in daily multidisci-
plinary rounds to optimize the treatments for critically ill patients with 
COVID-19. In this work, medication recommendations supplied by 
clinical pharmacists, including related drug, classification, cause, and 
detailed adjustment content, were reviewed to share experiences on 
pharmacological optimization and provide a feasible reference for 
clinical pharmacists in other medical institutions. 

Materials and methods 

Study design and participants 

This study was conducted in the ICU of the First Affiliated Hospital of 
Zhejiang University (FAHZU), a designated hospital to treat patients 
with COVID-19 in Zhejiang Province, China. FAHZU is a university- 
affiliated tertiary hospital with 2500 beds and over 100,000 dis-
charged patients each year. Laboratory confirmation of SARS-CoV-2 
infection was performed using polymerase chain reaction testing. A 
multidisciplinary team, including senior experts in infection, respiratory 
diseases, laboratory department, Chinese medicine, psychiatry, imag-
ing, and nursing, was organized to provide comprehensive and optimal 
treatment for these critically ill patients. In addition, a group of dedi-
cated clinical pharmacists participated in daily multidisciplinary rounds 
to optimize the treatments for critically ill patients with COVID-19 
(Fig. 1) through (1) comprehensive medical history and clinical evalu-
ations, (2) identification of drug-related problems, (3) medication rec-
ommendations and discussion in multidisciplinary rounds, and (4) daily 
follow-up of every critically ill patient. Consensus on medication rec-
ommendations was reached by the multidisciplinary team through bi- 
daily discussion. 

This study was conducted in accordance with the Helsinki Declara-
tion of 1975. Ethical approval was obtained from the authorized ethics 
committee of FAHZJ. 

Data collection 

From 1 February 2020 to 18 March 2020, medication recommen-
dations by clinical pharmacists were collected and reviewed, and their 
classification (Fig. 1) was drawn on the concept the Pharmaceutical Care 
Network Europe Foundation Classification V 9.0.13 Related drug, clas-
sification, cause, and adjustment contents were recorded for each 
medication recommendation. The baseline characteristics of critically ill 
patients admitted to the ICU and the details for treatments and labora-
tory testing were collected from the electronic information system. 

Statistical analysis 

Categorical data were expressed as numbers and percentages, and 
continuous data were presented as mean (standard deviation [SD]) or 
the medians (interquartile range [IQR]). Classification of medication 
recommendation among different drugs were compared using Pearson 
χ2 of Fisher exact test (cell size<5). Data were analyzed through 
SPSS19.0 (www.spss.com). A value of p < 0.05 was considered statis-
tically significant. 

Results 

Baseline and treatments of patients with medication recommendation 

From 1 February 2020 to 18 March 2020, 33 patients diagnosed with 
COVID-19 were admitted to the ICU. Medication recommendations were 
supplied for 22 of these patients (66.7%). The baseline characteristics 
and treatments for patients with medication recommendations are 
shown in Table 1. Their mean age was 66.3 (range, 36–91) years, and 17 
(77.3%) patients were male. Hypertension was the most common 
coexisting condition (n ¼ 16, 72.7%), followed by diabetes, cardiac 
disease, nephropathy, and liver disease. All these patients received an-
tibiotics, 21 (95.5%) received antiviral agents, 21 (95.5%) received 
corticosteroids, and 15 (68.2%) received antifungal drugs. For organ 
support, 14 (63.6%) patients received invasive mechanical ventilation, 
12 (54.5%) received continuous renal replacement therapy, and 8 
(36.4%) received artificial liver support therapy. 

Fig. 1. Study flow diagram and classification of medication recommendations.  
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Characteristics of medication recommendation 

The characteristics of medication recommendations are shown in 
Table 2. Clinical pharmacists supplied 111 medication recommenda-
tions, and 106 (95.5%) of which were accepted. The median number of 
recommendations per patient was 5 (IQR: 1–8). Most recommendations 
were related to anti-infectives. Among these recommendations, 64 
(57.5%) were related to antibiotics, and 32 (28.8%) were related to 

antiviral agents against SARS-CoV-2. For recommendation classifica-
tions, 53 (47.7%) were advised for treatment effectiveness, and 58 
(52.3%) were advised for adverse drug events (potential or existing). 

Medication recommendations for different anti-infectives 

Significant difference (p < 0.05) in the classification of medication 
recommendation was observed among different anti-infectives (Fig. 2). 
Among the 64 recommendations related to antibiotics and antifungal 
drugs, 39 (60.9%) were advised for treatment effectiveness, and 25 
(39.1%) were supplied for adverse drug events (Fig. 2A). For treatment 
effectiveness, untreated indications were the most common cause, fol-
lowed by inappropriate drugs, adequate treatment duration, and under- 
dosage (Fig. 2C). Both drug discontinuation and dose adjustment were 
commonly advised after the identification of adverse events (Fig. 2D) 
involving liver and renal function dysfunction, irregular heart rate, and 
potential risks caused by over-high drug concentration (Fig. 2B). Ex-
amples of medication recommendations about antibiotics and antifungal 
agents are shown in Table Supplement 1. 

For antiviral agents, the most common recommendations were 
related to adverse drug events, with 27 (84.4%) out of 32, and the 
remaining five (15.6%) were advised for treatment effectiveness. Among 
the 27 recommendations about adverse events, 20 (74.1%), two 
(11.1%), and three (5.3%) were related to liver function dysfunction, 
adverse event in cardiovascular system, and potential adverse events 
(Fig. 2B), respectively. After possible adverse events were identified, 
discontinuation of suspected antiviral agents was advised in 18 out of 27 
(66.7%, Fig. 2F) recommendations. Darunavir/cobicistat, arbidol, and 
lopinavir/ritonavir were the antiviral agents constituting the majority of 
adverse event-related recommendations (Fig. 2E). Examples of medi-
cation recommendations about antiviral agents are shown in Table 3. 

Discussion 

The prevalence of COVID-19 and the high proportion of critically ill 
patients with this illness pose a global challenge for healthcare workers 
and increase the requirements for proper pharmacy care services.13–16 In 
addition to the recognized difficulties for critically ill patients, such as 
multiple organ failure, severe infection, and complex medication ther-
apy, the limited knowledge of COVID-19 and unproven interventions 
being used in practice bring additional uncertainty.5,6 Therefore, the 
pharmacy care services for such a special population must be adjusted 
and improved through clinical practice. To our knowledge, this study is 
the first to describe the specific classification of medication recom-
mendations in critically ill patients with COVID-19. The sharing of 
drug-related problems, cause, and recommendation contents in detail 
may provide new insights into the management of critically ill patients 
with COVID-19. 

The acceptance rate of medication recommendations was 95.5%, 
which was relatively high compared with that in previous studies.8,17–19 

This finding indicates that our medication recommendations satisfy the 
clinical needs. The high acceptance rate may be related to the active 
pharmacists’ involvement. During the treatment period for patients with 
COVID-19, the dedicated pharmacist team in multidiscipline rounds 
conducted bi-daily discussion for 1.5 h each. Medical history, medica-
tion safety and efficacy, and possible drug-drug interactions were 
comprehensively assessed for every critically ill patient prior to dis-
cussion to guarantee the quality of medication recommendations. Var-
iations on any treatment therapy were recorded and analyzed carefully. 
Medication recommendations were generated with the explicit, consci-
entious, and judicious use of best available evidence. Basing on our 
experience, we would recommend a forceful and extensive on-ward 
participation of clinical pharmacists in managing of critically ill 
patients. 

Most recommendations were advised for anti-infectives. Different 
from previous studies,10,18,20 untreated indications, either inappropriate 

Table 1 
Baseline characteristics and treatments.  

Baseline characteristics (n ¼ 22)   

Age 
Mean, SD, y 66.3 15.1 
Range, y 36–91  
Gender 

Female, n, % 5 22.7% 
Male, n, % 17 77.3% 

Chronic medical illness   
Hypertension, n, % 16 72.7% 
Diabetes, n, % 5 22.7% 
Cardiac disease, n, % 3 13.6% 
Others, n, % 4 18,2% 

Laboratory results 
ALT, mean, SD, U/L 48.2 55.3 
AST, mean, SD, U/L 41.9 25.6 
TBIL, mean, SD, μmol/L 22.9 27.0 
Serum creatinine (μmol/L) 176.3 244.7 
C-reactive protein (mg/L) 75.2 58.6 
Leucocytes ( � 109/L) 11.0 5.9 
Neutrophils (%) 89.2 7.8 
Lymphocytes ( � 109/L) 0.8 1.3 

Treatments (n¼22) 
Organ support 

Invasive mechanical ventilation, n, % 14 63.6% 
Continuous renal replacement therapy, n, % 12 54.5% 
Artificial liver support therapy, n, % 8 36.4% 

Medicines 
Antibiotics, n, % 22 100% 
Antiviral treatment, n, % 21 95.5% 
Corticosteroids, n, % 21 95.5% 
Antifungal drugs, n, % 15 68.2% 
Intravenous immunoglobin, n, % 14 63.6% 
Cardiovascular drugs, n, % 12 54.5% 
Psychotropic medication, n, % 11 50.0% 
Parenteral nutritional support, n, % 8 36.4%  

Table 2 
Characteristics of medication recommendations.  

Characteristics   

Number of recommendations (n, range) 111 1–12 
Number of recommendations per patient (median, IQR) 5 1–8 
Drugs 

Antibiotics and antifungal drugs, n, % 64 57.7% 
Antiviral treatment, n, % 32 28.8% 
Drugs for digestive symptoms, n, % 6 5.4% 
Others, n, % 9 8.1% 

Acceptance 
Recommendations accepted, n, % 106 95.5% 

Recommendation type 
Treatment effectiveness, n, % 53 47.7% 
Adverse drug event occurring, n, % 58 52.3% 

Cause for recommendation 
Drug selection, n, % 79 71.2% 
Dose selection, n, % 20 18.0% 
Treatment duration, n, % 12 10.8% 

Recommendations at drug level 
Drug discontinuation, n, % 35 31.5% 
Switched to other drugs, n, % 27 24.3% 
Adding a new drug, n, % 22 19.8% 
Dose adjustment, n, % 17 15.3% 
Suspected ADR monitoring, n, % 9 8.1% 
Drug concentration monitoring, n, % 1 0.9% 

ADR: adverse drug reactions. 
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drugs or dose, were the most common cause of recommendations related 
to antibiotics and antifungal drugs. This finding indicates the active 
participation of pharmacists in clinical can expand the conventional 
scope of ICU pharmacists’ activities,9,17,19 such as drug information 
consultation, drug interactions identification, and adverse drug event 
monitoring, to more positive decision-making. Given that COVID-19 is 

an emerging pandemic with profound consequences, experimental and 
repurposed antiviral agents without strong evidence are used to improve 
patient outcomes.5,6,11,12 Recommendations on adverse drug events 
were most common for antiviral agents, with the majority related to 
liver function dysfunction. Antiviral agents that potentially induce liver 
injury in our center involved lopinavir/ritonavir,21,22 arbidol,23 dar-
unavir/cobicistat,24 favipiravir,25 and baloxavir.26 High proportion of 
liver injury was also found in other studies, and hepatotoxic drugs were 
inferred as one of the potential risk factors.27 A latest study showed that 
lopinavir/ritonavir is a risk factor of liver injury in patients with 
COVID-19.28 Serum aminotransferase elevations or jaundice was 
observed in patients who received these antiviral agents in some reports 
about other diseases, which may be induced by either hepatotoxic ef-
fects or extensive drug to drug interactions related to antiviral agents, 
such as lopinavir/ritonavir29 and darunavir/cobicistat.30 After the un-
proven clinical benefits from these drugs and the potential risks from 
adverse effects were balanced out, the discontinuation of suspected 
antiviral agents was commonly recommended after the occurrence of 
adverse events that may progress and bring poor outcomes. 

Our study has some limitations, which are mainly its retrospective 
design and lack of a control group. The effects of the active participation 
of clinical pharmacists cannot be accurately measured; however, the 
high acceptance of the medication recommendations may reflect the 
clinical value of our work to some extent. In addition, this study is the 
first to share the experience gained form real-world pharmacy care 
practice and provides a viable reference for clinical pharmacists in other 
medical institutions. Experimental and repurposed antiviral agents 
without strong evidence have been widely used in our center due to the 
urgent condition of COVID-19 pandemic and the lack of effective 
treatments. With the emergence of new treatments and evidence, the 
medication strategy for patients with COVID-19 should be adjusted and 

Fig. 2. Characteristics of medication recommenda-
tions for different drugs. A: Classification and cause of 
recommendations for different drugs. B: Adverse drug 
event-related recommendations for different drugs. C: 
Treatment effectiveness related-recommendations for 
antibiotics and antifungal drugs. D: Therapy adjust-
ment recommendations for antibiotics and antifungal 
drugs after identifying adverse drug events. E: 
Adverse drug event related-recommendations for 
different antiviral agents. F: Therapy adjustment rec-
ommendations for antiviral agents after identifying 
adverse drug events. P1: treatment effectiveness; P2: 
adverse drug event occurring; CVS: cardiovascular 
system; GI: gastrointestinal; Dar/C: darunavir/cobici-
stat; Lop/r, lopinavir/ritonavir.   

Table 3 
Example of recommendations for antiviral regiments.  

Antiviral treatment Recommendation examples 

Treatment effectiveness 
Drug selection A patient with positive SARS-CoV-2 RNA received 

arbidol alone. Lopinavir/ritonavir combined with arbidol 
was proposed (accepted). 

Adverse drug event occurring 
Drug selection 

Abnormal liver 
function risks 

A patient had elevated ALT (114 U/L) and AST (236 U/ 
L), which may be caused by darunavir/cobicistat. 
Discontinuation of darunavir/cobicistat was 
recommended (accepted). 

Cardiovascular system 
risks 

A patient had temporary sinus bradycardia, which may 
be caused by arbidol and should be closely monitored 
(accepted). 

Drug-drug 
interactions 

Serious drug-drug interaction exists between quetiapine 
and lopinavir/ritonavir. Discontinuation of darunavir/ 
cobicistat was recommended (accepted). 

Dose selection A patient had 33.34 μg/ml blood concentration of 
vancomycin and received hemodialysis treatment due to 
renal function failure. Discontinuation of vancomycin 
was recommended (accepted). 

Treatment duration Three consecutive negative results with qPCR detection 
over an interval of 24 h. Discontinuation of favipiravir 
and arbidol was recommended (accepted).  
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updated timely in practice. Due to these limitations, well-designed, 
controlled studies with a large sample size are required. 

Conclusion 

Clinical pharmacists in our center responded rapidly and imposed 
forceful and extensive on-ward participations for the management of 
critically ill patients to combat the COVID-19 pandemic. High accep-
tance rate was noted for medication recommendations provided by 
pharmacists, and most recommendations were advised for anti- 
infectives. The most common cause of recommendations for antibi-
otics and antifungal drugs was untreated indications, and that for anti-
viral agents was adverse drug events. Discontinuation of suspected 
antiviral agents was usually recommended after the occurrence of 
adverse events that may progress and bring poor outcomes. Our work 
serves as a feasible reference for clinical pharmacists in other medical 
institutions. 
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Supplement Table 1 
Example of recommendations for antibiotics and antifungal drugs  

Antibiotics and 
antifungal drugs 

Recommendation examples 

Treatment effectiveness 
Drug selection A patient had gram-positive bacteria isolated from 

throat swabs, rising CRP, and CRRT treatment. Linezolid 
(0.6g q12h) was recommended for with (accepted). 

Dose selection A patient had less than 0.5 μg/ml blood concentration of 
voriconazole. Increasing the dose of voriconazole to 
200 mg q8h was advised (accepted). 

Treatment duration A patient achieved near-normal indicators of bacterial 
infections. Considering the lack of evidence supporting 
infections caused by Gram positive bacteria, 
discontinuation of daptomycin was advised (accepted). 

Adverse drug event occurring 
Drug selection 

Liver function The blood concentration of voriconazole was 5.6 μg/ml 
for a patient whose TBL was 101.8 μmol/L. Adjustment 
of antifungal drugs was recommended (voriconazole ➝ 
micafungin 150 mg qd, accepted). 

Central nervous system A patient developed psychiatric symptoms, which may 
be caused by imipenem/cilastatin. Adjustment of 
antibiotics was recommended (imipenem/cilastatin ➝ 
cefoperazone/sulbactam 2g q8h, accepted). 

Cardiovascular system A patient with CRRT treatment developed arrhythmia 
and abnormal TBL, which may be caused by 
levofloxacin. Discontinuation of levofloxacin was 
recommended. 

Skin A patient developed skin rashes over the whole body, 
which may be caused by drugs. Discontinuation of 
caspofungin, linezolid, montelukast and olanzapine was 
recommended (accepted). 

Urinary system The Scr elevated to 143 μmol/L in a patient, which may 
be caused by teicoplanin. Discontinuation of teicoplanin 
was recommended. 

Dose selection The blood concentration of vancomycin was 33.34 μg/ 
ml in a patient with hemodialysis treatment due to renal 
function failure. Discontinuation of vancomycin was 
recommended (accepted). 

Treatment duration The Scr was 129 μmol/L for a patient with polymyxin B 
treated for 2 weeks. Discontinuation of polymyxin B was 
recommended.   
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