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Objective: The ongoing coronavirus 2019 (COVID-19) pandemic is disproportionally impacting the adult population. This study describes the experiences after repurposing a PICU and its staff for adult critical care within a state mandated COVID-19 hospital and compares the outcomes to adult patients admitted to the institution's MICU during the same period.

Design: A retrospective chart review was performed to analyze outcomes for the adults admitted to the PICU and MICU during the 27-day period the PICU was incorporated into the institution's adult critical care surge plan.

Setting: Tertiary care state University hospital.

Patients: Critically ill adult patients with proven or suspected COVID-19.

Interventions: To select the most ideal adult patients for PICU admission a tiered approach that incorporated older patients with more comorbidities at each stage was implemented.

Measurements and Main Results: There were 140 patients admitted to the MICU and 9 patients admitted to the PICU during this period. The mean age of the adult patients admitted to the PICU was lower (49.1 vs. 63.2 p = 0.017). There was no statistically significant difference in the number of comorbidities, intubation rates, days of ventilation, dialysis or LOS. Patients selected for PICU care did not have coronary artery disease, CHF, cerebrovascular disease or COPD. Mean admission Sequential Organ Failure Assessment (SOFA) score was lower in patients admitted to the PICU (4 vs. 6.4, p = 0.017) with similar rates of survival to discharge (66.7 vs. 44.4%, p = 0.64).

Conclusion: Outcomes for the adult patients who received care in the PICU did not appear to be worse than those who were admitted to the MICU during this time. While limited by a small sample size, this single center cohort study revealed that careful assessment of critical illness considering age and type of co-morbidities may be a safe and effective approach in determining which critically ill adult patients with known or suspected COVID-19 are the most appropriate for PICU admission in general hospitals with primary management by its physicians and nurses.
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INTRODUCTION

The ongoing coronavirus 2019 (COVID-19) pandemic, unlike previous respiratory pandemics, is disproportionally impacting adults as compared to children (1–3). Many jurisdictions throughout the United States have implemented crisis standards of care due to the tremendous surge of adults with COVID-19 requiring Intensive Care Unit (ICU) admission This is concerning because crisis standards limit the ability to provide every therapeutic option and may result in increased mortality (2, 4). Given the dire situation, attention is directed to the use of Pediatric Intensive Care Unit (PICU) beds, which comprise roughly 7.5% of all ICU beds. (5, 6) Since children represent 1–2% of COVID-19 cases, with only 0.58–2% of those requiring critical care, PICU assets may be best utilized to augment adult ICU capacity (7).

While there are guidelines on admissions, dispositions, transfers, and level of care for both pediatric (usually <18 or 21 years of age) and adult ICU settings, there is no clear evidence on when or how to care for adults in PICUs (8). However, there is an ethical imperative to offer this support if PICUs have adequate capacity to care for adult patients safely and effectively without denying these services to children. Almost half of PICU beds in the United States are in 63 large, specialized children's centers with >15 PICU beds. The remaining 281 facilities, housing 3,131 PICU beds, have <15 beds and many are in general hospitals housing both adults and children (9). The logistics in preparing a PICU for adult care will differ for general and free-standing children's hospitals. PICUs in areas enacting crisis standards of care have already started to support adult patients using a variety of novel patient care models (10–16).

On March 7, 2020, New York State Governor Andrew Cuomo declared a state of emergency due to the COVID-19 pandemic (17). To augment the state's response, the governor directed The University Hospital of Brooklyn located at The State University of New York (SUNY) Downstate Health Sciences University to become a “COVID-19 only facility” on March 28, 2020 (18). The subsequent surge in adult patients quickly overwhelmed traditional and surge critical care areas. As a result, the PICU was asked to assist in the response. This manuscript describes the experience of repurposing a PICU and its staff for adult critical care within a state mandated COVID-19 general hospital and compares the outcomes to adult patients admitted to the institution's medical ICU (MICU) during the same period.



METHODS AND MATERIALS


Repurposing the PICU

The SUNY Downstate Health Sciences University campus is the only Academic Medical Center in Brooklyn, New York and has a 376-bed tertiary care hospital known as The University Hospital of Brooklyn. The institution has pediatric units within the adult hospital. The usual adult critical care capacity is 26 beds, with surge capacity up to 55 beds. In addition, 71 beds on the regular adult inpatient units have ventilator capability. Usual pediatric critical care capacity includes five critical care beds and seven step-down beds. Nursing staff in the adult and pediatric areas are not cross-trained and the intensivists are not dual-trained specialists.

Once the institution was designated a “COVID-19 only facility,” the pediatric emergency department was placed on diversion. To ensure continuity of care, inpatient pediatric services were diverted to local hospitals with which affiliation agreements were previously established. General and subspecialty pediatricians provided outpatient care through telemedicine. These factors caused the PICU census to dwindle, making it available to support the adult COVID-19 surge.

The initial admission triage approach was to admit any adult under the age of 30; however, this did not relieve any burden on the MICU because most patients were much older. In collaboration with the adult intensivists, the model evolved to a tiered approach that incorporated older patients with more comorbidities at each stage. Stage I allowed patients up to 40 years of age with one co-morbidity and stage 2 allowed patients up to 60 years of age with two co-morbidities. Stage 3 involved admitting any age patient regardless of comorbidities assuming other surge options had been exhausted. The hope was to allow the PICU to function with relative independence by first admitting less complex patients and gradually increasing the complexity as comfort improved and the need increased.

The pediatric intensivists served as the physicians of record and conducted morning rounds followed by brief afternoon rounds with the adult critical care consult service. Adult subspecialists performed consults as requested by the pediatric team. Nurses experienced with inpatient adult care were paired with a PICU nurse and as a team, they were assigned patients. The institution established additional code teams as well as procedure teams for intubation, prone positioning, vascular access, and chest tube placement. These teams were comprised of residents and attendings mostly from the anesthesia, surgery, and internal medicine departments. The PICU was incorporated into the institution's COVID-19 surge plan from March 31, 2020 to April 27, 2021, at which point the pediatric inpatient units were gradually decompressed and prepared to resume caring for children.
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Data Analysis

To obtain study data, SUNY Downstate study team members retrospectively examined the electronic medical records (EMR) of all adult patients admitted to the PICU and MICU between March 31st and April 21st, 2020. Nasal swabs were used to obtain samples for SARS-CoV-2 testing (Hologic Panther test, Lenco Reference Lab; GeneXprt Xpress SARS-CoV-2 RNA, Cepheid). Demographics including age, sex and race were collected. Other endpoints included: ICU length of stay (LOS), ICU admission Sequential Organ Failure Assessment (SOFA) score, non-invasive and invasive mechanical ventilation requirements, ventilator days, acute dialysis requirement, chronic comorbidities present at admission, and survival to discharge. SaO2/FiO2 ratios were utilized in lieu of PaO2/FiO2 ratios when an admission blood gas was not obtained (19). Data on vasopressor/ionotropic requirements and disposition were collected for the PICU patients.

Outcomes were analyzed using the Mann–Whitney Wilcoxon test for continuous variables and the Pearson Chi-square test for categorical variables. Propensity scores were calculated using a logistic regression model. Covariate variables used for the propensity score were age and comorbidities. Standardized means were tested to ensure balance of the two patient groups after propensity score matching. All tests were two-sided, with statistical significance defined as p < 0.05. The tests were performed using programming language R version 4.0.1 and RStudio version 1.3.959 (Team R studio, Massachusetts, USA).




RESULTS

During the study period, 140 patients were admitted to the MICU and 9 patients were admitted to the PICU. All patients were above 21 years of age. The mean age of the PICU cohort was lower (49.1 vs. 63.2, p = 0.017). All patients in the PICU cohort were Black/African American compared to 87% in the MICU. Males were 66.7% of PICU patients and 59.5% of MICU patients. The PICU patients had a lower mean admission SOFA score (4 vs. 6.4, p = 0.017) (Table 1). While there was no statistically significant difference in the number of comorbidities; MICU patients had more adult-specific comorbidities (Table 2). There was no statistically significant difference in LOS, non-invasive or invasive mechanical ventilation requirement, ventilator days, or dialysis requirement. The PICU patients had a similar survival to discharge in the matched analysis (66.7 vs. 44.4%, p = 0.64) (Table 1).


Table 1. Patient demographics and outcomes in the PICU and MICU.
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Table 2. Comorbidity comparison between adult patients in the PICU and MICU.
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Five PICU patients tested positive for SARS-CoV-2. The remaining 4 were presumed positive due to the high pre-test probability during the peak of the pandemic within New York City (NYC) and the concern for false negative tests. There were no mortalities during any patents' course in the PICU; however, three (33%) died after transfer to other units or hospitals. These deaths were among the five SARS-CoV-2 positive patients, giving a case fatality rate of 60% (Table 3).


Table 3. Characteristics of adult patients managed in the PICU.
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DISCUSSION

There are published descriptive reports, retrospective studies, and expert opinions pertaining to the care of adults in pediatric settings during the COVID-19 pandemic (10–16). This study differs in that it describes experiences of a PICU serving as the primary team for a cohort of critically ill adult patients within a state-designated “COVID-19 only facility” and compares the outcomes to adult patients who received care in the institution's MICU during the same period.

While the PICU cohort examined here is small, some of the observed trends are consistent with ones reported in the literature. Most of the group and all patients who died were males, which is a known risk factor for ICU admission and mortality. As reported by a large adult ICU in NYC, hypertension and diabetes mellitus were the most common co-morbidities in the PICU patients (20). The case-fatality rate for the SARS-CoV-2 positive patients requiring mechanical ventilation is similar to published outcomes (53 vs. 60%). (21) This case-fatality amongst five of the nine patients who tested positive for SARS CoV-2 should be contextualized as there is a high-likelihood for false negatives given the high prevalence in the community at the time.

There were several noteworthy differences in the characteristics and outcomes between this cohort and others described in the literature. Age ≥65 and having ≥3 co-morbidities were reported to be the strongest predictors for ICU admission and mortality (20). However, within the SUNY PICU cohort, only 22% were ≥65 and only 33% had ≥3 co-morbidities. In the aforementioned report of a large ICU in NYC, 29% had coronary artery disease and 24% had congestive heart failure. Additionally, 94 and 12% of their patients required vasopressor and ionotropic support, respectively. No patient in the SUNY PICU cohort had either of these conditions nor did any require vasopressor/ionotropic support. Fewer patients in the SUNY PICU cohort required mechanical ventilation (66 vs. 93%) and hemodialysis (22.7 vs. 35.2%) (21). These differences reflect the success of the triage process in selecting less complex adult patients for admission to the PICU than are normally managed in adult ICUs.

Comparing outcomes of the SUNY Downstate PICU and MICU cohorts also demonstrates the effectiveness of the triage methodology. The low admission SOFA scores and mortality rate for the PICU cohort are matched given historical controls. However, SOFA scores alone should not be used to determine mortality risk for COVID-19 patients as the mortalities in the PICU cohort had low SOFA scores (22, 23). While the original triage approach involved an informal discussion of the patient's acuity, it did not include calculation of SOFA scores. The patients in PICU cohort also had conditions more within the scope of routine practice for a pediatric intensivist, while those with more adult-specific conditions were triaged to the MICU. The propensity scores matching analysis revealed a similar need for mechanical ventilation, length of stay and survival, which suggests that outcomes in the PICU were no worse than those in the MICU. Perhaps a formal assessment of critical illness along with age and co-morbidities (both quantity and quality) may constitute a wholistic approach in selecting the most appropriate adult patient for PICU admission during the COVID-19 surge. Developing this process was crucial in allowing the PICU team to function with autonomy, while the MICU managed the sicker patients, who would benefit from their expertise the most.

As a PICU within a general hospital where supplies and support staff needed for adult care are easily accessible, the unit was well-positioned to take on this role, perhaps more-so than a PICU within a free-standing children's hospital. Respiratory therapists from the adult services were available to support the pediatric respiratory therapists. Invasive and non-invasive ventilators in the PICU had pediatric and adult capabilities. The EMR had the capacity to order any medication needed due to the existence of an adult formulary. The pharmacy staff was accustomed to adult dosing, preparation, medication interactions, and safety profiles. The hospital laboratories were set up for adult tests with integration of critical values within the EMR. The radiology department has adult screening protocols for imaging and interventional procedures. The central sterile processing department was able to provide all necessary equipment for adult care. Implementing procedure and additional code teams anecdotally relieved the anxiety and apprehension amongst the pediatric team members.

While there were no institution-specific steps taken for medicolegal protections, on April 7, 2020 New York State enacted the Emergency or Disaster Treatment Protection Act, which provided retroactive and ongoing immunity to healthcare facilities and providers treating patients with known or suspected COVID-19 (24).

Our study had several limitations. This is an observational study with a small number of patients admitted to a single PICU, which limits the study's power and the ability to draw generalizable conclusions. Despite the similar outcomes in the matched cohorts, these results should be interpreted with understanding of the biases that arise from balancing cohorts. The conclusions reached in this study should be further investigated with a larger number of patients.



CONCLUSIONS

PICUs can support mass critical care during the COVID-19 pandemic once the safety and care of critically ill pediatric patients is first ensured through regional coordination and partnerships with near-by facilities. Regional delineation of care based on epidemiologic nuances may facilitate efficient care delivery when intensive care becomes a limited resource. The ideal institutional system-based approach should include logistic support, training on adult treatment protocols, formal consultative relationships, and medico-legal protections for staff and facilities. This single center cohort study revealed that careful assessment of critical illness considering age and type of co-morbidities may be a safe and effective approach in determining which critically ill adult patients with known or suspected COVID-19 are the most appropriate for PICU admission in general hospitals with primary management by its physicians and nurses. Outcomes for the adult patients who received care in the PICU did not appear to be worse than those who were admitted to the MICU during this time.
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