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Abstract 

Background: COVID-19 is a disease associated with an intense systemic inflammation that 

could induce severe acute respiratory distress syndrome (ARDS), with life-threatening 

hypoxia and hypercapnia. We present a case where mild therapeutic hypothermia was 

associated with improved gas exchange, facing other therapies' unavailability due to the 

pandemic. 

Case report: A healthy 38-year-old male admitted for COVID-19 pneumonia developed 

extreme hypoxia (PaO2/FiO2 ratio 42 mmHg), respiratory acidosis, and hyperthermia, 

refractory to usual treatment (mechanical ventilation, neuromuscular blockade, and prone 

position), and advanced therapies were not available. Mild therapeutic hypothermia 

management (target 33-34°C) was maintained for five days, with progressive gas exchange 

improvement, which allowed his recovery over the following weeks. He was discharged 

home after 68 days without significant ICU associated morbidity. 

Conclusions: Mild hypothermia is a widely available therapy, that given some specific 

characteristics of COVID-19, may be explored as adjunctive therapy for life-threatening 

ARDS, especially during a shortage of other rescue therapies. 
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Background 

Some patients with COVID-19 pneumonia develop severe acute respiratory distress 

syndrome (ARDS). In this setting, the profound alteration of gas exchange refractory to 

mechanical ventilation (MV) leads to multiorgan failure, ultimately responsible for the high 

mortality observed. Rescue therapies for severe hypoxia, like Extra Corporeal Membrane 

Oxygenation (ECMO), have been limited due to the surge of cases during the COVID-19 

pandemic, that exceeded the response capacity of most health systems [1]. 

COVID-19 frequently triggers a hyperinflammatory state that has been associated with the 

escalation of care and mortality [2]. Systemic hyperinflammation in COVID-19 produces a 

severe derangement of metabolism, with high energy expenditure, oxygen consumption, 

and protein catabolism, among others [3]. In the respiratory system, this dramatic shift 

causes an increase in minute ventilation and work of breathing, being one of the 

mechanisms proposed to explain the progression of lung injury in this entity [4]. 

Induced hypothermia is the controlled lowering of body temperature for therapeutic 

purposes. Hypothermia has many effects on homeostasis, mainly due to a nonspecific 

hypometabolic state, although many other mechanisms have been described. On this basis, 

therapeutic hypothermia has been extended to several clinical situations where tissue 

dysoxia is an important issue, like management after cardiac arrest, during 

cardiopulmonary bypass, and preservation of organ grafts [5-10]. 

We report the use of mild therapeutic hypothermia as rescue therapy in a patient with 

ARDS due to COVID-19, who developed catastrophic respiratory system dysfunction with 

severe hypoxemia and hypercapnia refractory to MV, prone position, and neuromuscular 

blockers, facing the unavailability of extracorporeal support therapies. 

 

Case Report 

A previously healthy eutrophic (BMI 24 kg/m
2
), 38 years-old male of native south-

american ethnicity (Mapuche) was admitted due to COVID-19 pneumonia. Initial 
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respiratory support was a high-flow nasal cannula, but he developed severe hypoxemia and 

dyspnea ten days after admission. He required emergency intubation, and he was 

transferred to the pediatric intensive care unit due to the allocation of critical beds during 

the pandemic. A Chest CT scan ruled out pulmonary embolism and showed large bilateral 

consolidations and a moderate pneumomediastinum (Figure 1). 

During the first week of MV, he had persistent hypoxemia, PaO2/FIO2 between 71-118 

mmHg, and respiratory acidosis, PaCO2 between 65-84 mmHg. In this period, respiratory 

management included low tidal volume (VT) strategy, prone position, and neuromuscular 

blockade. Compliance of respiratory system (CRS) remained about 23 mL/cmH2O and MV 

parameters were: VT 350 mL (VT 4.7 ml/kg IBW), Plateau pressure (PPL) 26 cmH2O, total 

PEEP 11 cmH2O and driving pressure (DP) 15 cmH2O. He received empirical wide-

spectrum antibiotics and steroids. 

On the 17th day of MV, his condition progressively deteriorated, developing over 48h 

profound hypoxemia and severe respiratory acidosis (PaO2/FIO2 42 mmHg, PaCO2 128 

mmHg, and pH 7.0). His core body temperature was persistently higher than 39°C, and he 

also had severe hemodynamic alterations, tachycardia between 150–175 bpm, profound 

hypotension that required norepinephrine up to 0.7 mcg·kg
-1

·min
-1

. Remarkably, during 

that 48 h, his inflammatory markers spiked, D-Dimer 1093 mg/mL, ferritin 3652 ng/mL, 

and C-reactive protein 332 mg/L. 

He was presented to the national program of extracorporeal therapies for ECMO or 

Interventional Lung Assist Device (i.e., Novalung®) for emergency cannulation due to 

progressive deterioration of gas exchange, and eventually, as a bridge to lung 

transplantation. Their final decision was that he was not suitable for extracorporeal 

therapies due to hemodynamic instability, MV greater than eight days, and poor prognosis. 

This decision was taken even considering our case's characteristics, like the patient's age, 

no previous comorbidities, no renal replacement therapy during ICU stay, and neurologic 

function assessment without signs of severe injury (normal cerebral CT scan and only 

sedation-induced changes in electroencephalography). Mild therapeutic hypothermia (33-

34°C) was proposed as a compassionate treatment given our patient's particular clinical 

characteristics, and the patient's spouse consented to its use. Mild therapeutic hypothermia 

was induced by Blanketrol® III (Cincinnati Sub-Zero) automated surface cooling device, 
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aiming 33.5°C servo-controlled core body temperature. The temperature was measured 

using an esophageal probe, and the gas exchange measurements were corrected to the 

patient's core body temperature at the time of blood sampling. 

The patient was cooled to the target temperature in less than 1 hour. Hemodynamics 

quickly improved, decreasing norepinephrine to 0.3 mcg·kg
-1

·min
-1

 and heart rate to 120 

bpm (Table 1). Gas exchange improved slowly and steadily over 72h of therapeutic 

hypothermia (Figure 2), maintaining FIO2 1, deep sedation, and neuromuscular blockers 

and MV within safety thresholds. We planned a rewarming of 1°C over 24h till 

normothermia (36°C). Rewarming speed was reduced due to the deterioration of gas 

exchange during the third day. The patient completed five days of servo-controlled 

hypothermia between 33 and 34°C. During the whole period of mild hypothermia, the 

patient maintained normal central venous saturation, normal arterial lactate, and venous-to-

arterial CO2 gradient (Table 1). Oxygen extraction was 30% at baseline, decreasing to 

less than 20% during hypothermia, and then increasing to normal values. All improvements 

were sustained after full rewarming. CRS did not change during hypothermia and rewarming. 

No complications, including bleeding or alteration in coagulation tests, were identified. 

Pseudomona aeruginosa and Klebsiella pneumoniae were obtained in tracheal culture, and 

antibiotics were adjusted accordingly. 

He required a tracheostomy due to prolonged MV, weaning, and rehabilitation. MV was 

discontinued at day 49 after admission, the artificial airway was removed at day 52 after 

admission, and supplementary oxygen was discontinued at day 61. He was discharged 

home for ambulatory rehabilitation on day 68 after admission. He did not require 

supplemental oxygen, feeding per mouth with normal swallowing, and without significant 

neurologic sequelae. 

 

Discussion 

We report a case of compassionate use of mild therapeutic hypothermia for extreme 

hypoxemia and hypercapnia in a patient with COVID-19 ARDS and persistent 

hyperthermia. No rescue therapies for severe ARDS, including extracorporeal therapies, 

were available because of the overwhelmed health system during the SARS-CoV-2 

pandemic peak. Mild therapeutic hypothermia followed by servo-controlled normothermia 
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resulted in sustained improvement of the patient's clinical condition and gas exchange. 

Despite the high predicted mortality, the patient survived hospital discharge, with no 

significant ICU- acquired morbidity. 

The protectives effects of hypothermia have been largely studied in preclinical studies 

[11-23]. From the clinical standpoint, Villar J. and Slutsky A. conducted a small, non-

randomized, controlled study in 19 moribund adults with severe ARDS almost 30 years ago 

[24]. They reported improved lung function and lower mortality in patients who received 

mild hypothermia (32-35°C) for 70 ± 15 h compared to normothermia. It is important to 

recall that we cannot directly extrapolate the results of the study of Villar J. and Slutsky A. 

to current clinical practice because it was done before the contemporary use of protective 

MV. 

Oxygen uptake (VO2) and CO2 production (VCO2) also decrease during hypothermia, 

which could explain the sustained improvement in gas exchange in this patient [3,23]. 

Hypothermia can also reduce pulmonary shunt, improve oxygen alveolar partial pressure 

and arterial–mixed venous oxygen content, improving arterial oxygen partial pressure, 

coupling DO2 to VO2, thus reducing oxygen extraction [24-26]. The reduction of veno-

arterial PCO2 gradient in our patient reflects the same physiologic effect. These effects 

might be more pronounced in the described case since the temperature was reduced 

by 5°C from hyperthermia to mild hypothermia. 

Preliminary data shows that energy expenditure is still high after the second week of severe 

COVID-19 cases, and a hyperinflammatory profile is associated with worse outcomes 

[27,28]. Some authors define a hyperinflammatory state as a C-reactive protein 

concentration greater than 150 mg/L, ferritin concentration of greater than 1500 μg/L, or D-

dimer concentration greater than 2500 mg/L [29,30]. Two of those criteria were present in 

our case, supporting a severe case of COVID-19 in the inflammatory phase [3,27,31,32]. In 

this stage of the disease, the physiologic effects of controlled hypothermia may play a role 

in improving gas exchange, being more intense in hyperthermic subjects [20]. More 

important, maintaining mechanical ventilation strategy within safety limits due to lower 

minute ventilation may lead to a decrease in the energy dissipated by the MV over the lung 

parenchyma [11], one of the leading causes of VILI and the decompartmentalization of 

lung injury and failure of distant organs [21,33,34]. 
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Regarding hemodynamics, mild hypothermia reduces cardiac output without evidence of 

increasing anaerobic oxygen consumption due to the decrease in VO2 proportional to the 

core body temperature and the coupling of DO2 and VO2. Our patient had an increased 

oxygen extraction ratio, up to 40%, that rapidly decreased to less than 20% during 

hypothermia. Mechanism not related to the metabolic rate can explain this observation, for 

example, the shift to the left of the dissociation curve of hemoglobin, increasing the 

diffusion of oxygen to tissues, regulation of microcirculation shunt in end-organ 

parenchyma, and improving oxygen utilization by tissues [23,24]. 

Rescue therapies for severe ARDS during the COVID-19 pandemic might become a scarce 

resource. Most indications and protocols need to adapt to widely available, not expensive, 

and easily applied therapies, and more importantly, interventions with less human resources 

needs. In this way, mild therapeutic hypothermia is a therapy that does not require 

expensive technology nor staffing, being an interesting intervention to explore in COVID-

19 catastrophic respiratory failure. 

Finally, we believe that the adequate selection of our patient (healthy young adult, 

eutrophic, without metabolic syndrome or comorbidities) was also a determining factor in 

its good outcome. 

In conclusion, our patient treated with mild therapeutic hypothermia survived COVID-19 

severe acute respiratory failure when other rescue therapies were unavailable due to the 

pandemic's stressed health system. Given our current understanding of COVID-19 as a 

trigger of an intense inflammatory response, mild therapeutic hypothermia might be a 

promising therapy due to its anti-inflammatory and hypometabolic effects. Future studies 

should better elucidate its effectiveness, timing, optimal target, use times, and rewarming 

speed, such as the new proposed clinical trial, the CHILL study [35]. 
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Figure 1. Thoracic computed tomographic scan showing extensive bilateral pulmonary 

consolidation and pneumomediastinum in a patient with severe ARDS associated with 

SARS-CoV-2. 

 

Figure 2. Effects of mild therapeutic hypothermia on gas exchange in a patient with severe 

ARDS associated with SARS-CoV-2. 

 

Table 1. Selected hemodynamic and respiratory parameters of the patient with severe 

COVID-19 associated acute respiratory index during the phases of mild therapeutic 

hypothermia treatment. Blood gas analysis was corrected by core body temperature of the 

patient.  

 Baseline Induction Maintenance Rewarming Normothermia 

Temperature (°C) 38.8 34.0-34.5 33.2-34.3 34.6-35.7 36.1-36.3 

Time (days)  -1 0-1 2-4 5-6 7 

pH 7.05 7.09-7.19 7.25-7.45 7.37-7.48 7.34-7.46 

ScvO2 (%) 46 72-75 76-77 78 74 

Lactate (mmol/L) 1.0 1.0-1.1 0.5-0.9 0.8-1.0 0.5-1.1 

Veno-arterial PCO2 gradient 

(mmHg) 

6 11 0 0 9 

Oxygen extraction ratio (%) 30.3 15.7 17.2-18.8 19.1 22.1 

Heart rate (bpm) 172 114-126 96-112 98-114 102-108 

Norepinephrine (mcg·kg
-1

·min
-1

) 0.7 0.2-0.4 0-0.2 0 0 

Abbreviations: ScvO2, central venous oxygen saturation; PCO2, carbon dioxide partial 

pressure. 
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