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Background: We present a case study of a man with coronavirus disease 2019 (COVID-19) who developed cardiac arrest as a result of hyperkalemia following administration of chlororsuccinylcholine during endotracheal intubation.

Case Summary: A patient with a severe course of COVID-19, hospitalized in the Intensive Care Unit, underwent reintubation on day 16. The applied scheme was rapid sequence induction and intubation with administration of chlororsuccinylcholine. Immediately after intubation, there was a sudden cardiac arrest due to hyperkalemia (cK + 10.2 meq/L). Treatment was initiated as per guidelines, which resulted in a return to spontaneous circulation after 6 min.

Conclusion: Chlorsucynylcholine may cause life-threatening hyperkalemia. We recommend using rocuronium as a neuromuscular blocking agent in critically ill COVID-19 patients due to its more optimal safety profile.
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INTRODUCTION

Succinylcholine chloride is an agent commonly used to facilitate endotracheal intubation. It also remains a major drug in rapid sequence induction and intubation in many countries (1–3). Nevertheless, the British Guidelines for the management of tracheal intubation in critical ill adults recommend rocuronium as the first-line muscle relaxant for endotracheal intubation in critical condition (4). However, it is succinylcholine, as a depolarizing agent with a fast (40–60 s) and short (6–10 min) duration of action, that is more eagerly chosen in emergency conditions due to its pharmacokinetic profile compared to rocuronium, whose duration of action is about 37–72 min depending on dose (5, 6). However, it should be remembered that this drug may cause side effects such as malignant hyperthermia, rhabdomyolysis, or hyperkalemia. There are also more and more reports of sudden cardiac arrest (SCA) following the supply of succinylcholine (7, 8). Our case report is further evidence of serious complications following the administration of this drug for endotracheal intubation in a patient with a severe course of coronavirus disease 2019 (COVID-19).



CASE REPORT

A 57-year-old patient with COVID-19 was admitted to the Anesthesiology and Intensive Care Unit after being transferred from another hospital for further treatment due to increasing respiratory failure. Patient transported by medical transport team was intubated, in critical general condition, in analgosedation, mechanically ventilated in the SIMV (synchronized intermittent mandatory ventilation) mode with Fi02 (fraction of inspired oxygen) 0.5 at PEEP (positive end-expiratory pressure) 14 cmH2O. After admission, multidisciplinary and integrated treatment, empiric antibiotic therapy were implemented in accordance with the local protocol, taking into account the drug-susceptibility phenotypes of potential bacterial pathogens, antithrombotic and antiedematous prophylaxis was applied, and water-electrolyte imbalance was corrected. Mechanical ventilation mode was changed to VC/AC (Volume Control/Assist Control) with Fi02 0.4 reduction and PEEP 15 cmH2O. During hospitalization, the patient was placed in the prone position several times in order to improve ventilation parameters. On day 8 from admission, renal replacement therapy was administered in the mode of continuous venous-venous hemodiafiltration (CVVHDF) with an Oxiris and CytoSorb filter. On day 16, the ventilation mode was changed to pressure support ventilation and the settings were modified based on arterial blood gas test. Due to the long time since changing the previous tracheal tube, a decision was also made to reintubate the patient. Mouth opening of about 3 cm, Mallampati score III and arterial blood gas results from 2 h ago (pH 7.43, PO2 75 mmHg, kPa, PCO2 35 mmHg, cK + 4.5 meq/L, cLac 0.9 mmol/L, and SBE 0.0 mmol/L) were assessed. Immediately prior to intubation, the patient was under continuous infusion of noradrenaline (Levonor) and dexmedetomidine (Dexdor) and CVVHDF renal replacement therapy. The classic RSI regimen was used: fentanyl (1.5 μg kg–1), propofol (1 mg kg–1), and succinylcholine (Chlorsuccillin, 200 mg, Bausch Health Ireland Limited) at a dose of 1 mg kg–1. After that, the tracheal tube was replaced using a Bougie type guide in about 20 s. Immediately after replacement of the endotracheal tube, cardiac arrhythmias in the form of bradycardia 50 bpm with wide QRS complexes and a sudden drop in invasive blood pressure were noticed on the cardiomonitor. The carotid pulse was assessed, and upon finding its absence, cardiopulmonary resuscitation was started immediately and adrenaline 1 mg was administered iv due to the non-shockable rhythm. Due to the unexpected onset of SCA in this situation, it was suspected that hyperkalemia may have occured after administration of chlorsuccinylcholine. In the next minute of CPR, arterial blood gas test was obtained and acidosis was found with severe hyperkalemia (cK + 10.2 meq/L; Figure 1). 10 ml of 10% calcium chloride were administered immediately, insulin (10U) with glucose (25 g) was infused and 60 meq of Natrium bicarbonicum 8.4% was administered. Subsequent evaluation of the rhythm, however, did not return the spontaneous circulation, and the rhythm was still non-shockable. At approximately 6 min of CPR, the spontaneous circulation was restored and the heart rate normalized to approximately 70 bpm with narrow QRS complexes. Arterial blood gas was again taken, showing a decrease in potassium ions to 4.1 meq/L (Figure 2). After this incident, the patient stayed in our ward for 22 days. He was discharged in a stable state, conscious in logical verbal contact, from another ward in order to continue the treatment. The co-author and supervisor of this publication is the Head Physician of our Department, who gave his written permission to describe this case.
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FIGURE 1. Arterial blood gas obtained during cardiopulmonary resuscitation, time of the result 4:11 PM.
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FIGURE 2. Arterial blood gas obtained after recovery of spontaneous circulation, time of the result 4:22 PM.




DISCUSSION

The presented case study is further evidence of the risk of severe hyperkalemia following the administration of succinylcholine. In a review by Hovgaard et al. on suxamethonium-induced hyperkalemia and the Cochrane review regarding rocuronium versus sucinylcholine in the rapid intubation sequence not only explained the causes of the succamethonium-induced potassium upsurge, but also identified a group of patients at particular risk of this complication. Patients with severe burns, trauma, immobilized and prolonged critical illness have been shown to be at high risk of developing life-threatening hyperkalemia following administration of this drug (5, 9). It cannot be ruled out that the SARS-CoV-2 virus infection itself is another risk factor for this complication. The coronavirus infection itself can change the pharmacokinetic parameters of many drugs (10). Electrolyte disorders particularly potassium abnormalities have been repeatedly reported as common clinical manifestations of COVID-19. SARS-CoV-2 cell entry through angiotensin-converting enzyme 2 may enhance the activity of renin–angiotensin–aldosterone system classical axis and further leading to over production of aldosterone. Aldosterone is capable of enhancing the activity of epithelial sodium channels and resulting in potassium loss from epithelial cells. Damage to the renal tubules caused by ischemia and nephrotoxic effects caused by inflammation in the body is also not without significance for the disturbance of potassium homeostasis. The SARS-CoV-2 virus also influences the regulatory mechanism of the renin-angiotensin-aldosterone system. SARS-CoV-2 can lead to both decreases and increases in serum potassium levels (11).

Hyperkalemia occurs in a small subset of patients after succinylcholine (SCh) administration and can be severe and fatal. In a review of cases and the pathophysiology of succinylcholine hyperkalemia, Gerald et al. describes 2 mechanisms that lead to the disorder: upregulation of acetylcholine receptors and rhabdomyolysis. Upregulation is caused by a change in the subunit type of acetylcholine receptors and by an increase in their density as they spread over the muscle surface outside the motor endplate area. Causes of upregulation include burns, severe muscle trauma, upper or lower motor neuron denervation (e.g., stroke or spinal cord injury, respectively), and prolonged ICU care (bed rest, steroids, prolonged neuromuscular blockade). Both succinylcholine and acetylcholine are agonists of the acetylcholine receptor. This channel-related agonist-triggered potassium release is magnified by the number of involved muscles (12).

Unfortunately, the global disease pandemic caused by the SARS-CoV2 virus has resulted in a significant increase in people hospitalized in Intensive Care Units due to severe respiratory failure. The constant deterioration of ventilation parameters results in an urgent need for endotracheal intubation and the implementation of assisted or mechanical ventilation. Post-intubation cardiac arrest is a rare complication of intubation, but it should be noted that the number of such cases increased 1.5 times during the COVID-19 pandemic (13).

When choosing a drug regimen for RSI, one should take into account the risk of serious complications. An alternative to succinylcholine is rocuronium administered at a dose (up to RSI) of 1.2 mg/kg bw. Its main advantage is the lack of potassium ion surge, which eliminates the occurrence of hyperkalemia, but the duration of action is much longer, which may be a potential problem. There is indeed an antagonist for rocuronium (i.e., sugammadex), however, large doses of this drug, i.e., 16 mg/kg bw are needed to reverse the neuromuscular blockage, and the time to fully reverse the muscle blockage may take as long as 3 min (14, 15). Rocuronium also has a longer apneic window without desaturating oxygen level (“Safe Apnea Time”) which allows for a change in airway management in the event of in the event unanticipated complications arise in obese patients (16).

Blanié et al. studies have shown that the risk of hyperkalemia after the administration of succinylcholine is also strongly correlated with the length of stay in the ICU. After 16 days of hospitalization, the risk of this complication is very high (17).

Sigurdsson et al. describe a similar case of cardiac arrest after administration of succinylcholine in a patient with COVID-19, but the patient showed hypoxemia and respiratory acidosis before intubation (pH 7.28, P O2 63.0 mmHg, Pco2 67.5 mmHg, and potassium 4.7 meq/L). About 60 s after drug administration, circulatory arrest occurred in a defibrillation rhythm (wide complex polymorphic ventricular tachycardia), and the hyperkalemia recorded by the authors was 6.4 meq/L of potassium (7). The patient described in our report had no acid-base imbalance prior to intubation and additionally remained on venous-venous hemodiafiltration (CVVHDF). After administration of the drug, there was also a typical hyperkalemic arrhythmia in the form of broad QRS bradycardia, and the recorded potassium level was 10.2 meq/L (18). Another factor that should be taken into account in the case described by Sigurdsson et al. is hypercapnia. It is important to realize that during an apnea following administration of a muscle relaxant, severe acidosis may occur due to an increase in PaCO2, leading to cardiac arrest (16).

In our opinion, the supply of chlorsuccinylcholine was the main cause of cardiac arrest in this patient. We recommend that prior to selecting muscle relaxants for endotracheal intubation in the intensive care unit, one should assess not only serum potassium levels, but also hospitalization time, and use rocuronium as a neuromuscular blocking agent in critically ill patients with COVID-19 due to its more optimal safety profile.
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Background: For pregnant women transferred to emergency cesarean section after receiving epidural labor analgesia, there is still a debate over the effective and safe means of rapidly delivering surgical anesthesia. Alkalized lidocaine is often adopted for fast onset time; however, crystallization of the anesthetic may cause severe neurologic symptoms.

Case Presentation: We report a case of a pregnant woman who underwent emergency cesarean section with satisfied analgesia but experienced severe weakness and paranaesthesia in the lower limb. After excluding lumbar disc herniation, obstetric nerve injury, and anesthesia technique causes by symptoms signs and magnetic resonance imaging, drug-related injury became the most likely cause. Our in vitro testing confirmed the obvious precipitation of additional anesthetic-concentrated ropivacaine (0.5–1%) with pretreated alkalized lidocaine. With trophic neurotherapy, the parturient attained prompt relief of weakness by day four, but delayed recovery of numbness, which lasted for 4 weeks.

Conclusion: To date, this is the first case reporting neurologic complication possibly due to drug crystallization in cesarean section. Our study confirmed the rapid onset of alkalized lidocaine and its safety to pretreated routine labor dose of ropivacaine (0.09%). However, additional anesthetic-concentrated ropivacaine (0.5–1%) to maintain the anesthesia and analgesia level is not suggested.

Keywords: emergency cesarean section, epidural labor analgesia, delayed neurologic recovery, alkalized lidocaine, ropivacaine crystallization


INTRODUCTION

Standard monitoring protocols for effective and safe anesthesia are important for parturients transferred for emergency cesarean section upon receiving epidural labor analgesia, even critical to the implementation of the three-child policy in China. Sodium bicarbonate was added to lidocaine mainly to adjust the pH for faster onset of action and enhance the depth of block (1, 2), which makes it an available choice for rapid anesthesia. However, the most commonly used drug in labor analgesia, ropivacaine can easily crystalize with pH elevation (3). We report a case of a pregnant woman who experienced severe weakness and paranaesthesia post-operatively, potentially due to ropivacaine crystallization. Differential diagnosis and various mixtures of alkalized lidocaine and ropivacaine are discussed.



CASE DESCRIPTION

A 33-year-old female, 168 cm height/100 kg weight, G1P0, at 40 weeks 6 days gestational age was admitted in latent labor with an uncomplicated pregnancy. She underwent labor epidural placement at L2–3 level smoothly, and attained satisfactory analgesia with 0.09% ropivacaine and sufentanil (5 mcg/mL) at 6 mL/h for labor. For intrauterine fetal distress, decision to proceed with emergency cesarean section was undertaken 6 h after labor analgesia. With a test dose of 3 mL 2% lidocaine after 3 min, 12 mL fresh 0.83% alkalized lidocaine (Lalk) (15 mL 2% lidocaine plus 3 mL 5% sodium bicarbonate) was administered, followed by 7.5 mL 0.75% ropivacaine 10 min later to raise the anesthesia level from T9 to T6. Another 7.5 mL 0.75% ropivacaine was added 40 min later when closing the peritoneal. The parturient underwent cesarean section comfortably, and the epidural catheter was removed at the end of surgery. An infant with 3,990 g was delivered with right occipital transeverse position, and her Apgar score was 10 at 1, 5, and 10 min.

On the second postpartum day, the patient noted numbness and weakness in the knee when bearing weight on the right lower limb and fell when she stood, with no back or leg pain. Neurological pinprick examination identified decreased sensation in the lateral-middle lower-third of the thigh, lateral crus, and dorsum pedis, with muscle strength grade-2 and a weak knee reflex, no pathological signs elicited and negative straight leg elevation test. Magnetic resonance imaging (MRI) revealed minor expansion of the L2/L3 disc but no other abnormalities. The weakness and paresthesia improved by day three and four, respectively. She was discharged home on day five with mecobalamin and vitamin B1 for trophic neurotherapy, and the numbness persisted for 4 weeks.

Generally, the parturient received smooth labor analgesia and cesarean section, but presented with obvious weakness of the right lower limb. Although relief was observed by day four, she experienced slow recovery of numbness lasting 4 weeks, with negative magnetic resonance imaging or pathological signs.



DISCUSSION

Lumbar disc herniation often presents with low-back pain and lower limb pain; a positive straight leg elevation test and imaging performance is consistent with the symptoms. For this parturient, symptoms including weakness and numbness of the thigh seem to support herniation. However, the MRI showed no evidence of compression at the nerve root, namely herniation could not be responsible for her symptoms.

Lower extremity mononeuropathies and radiculopathies occur during delivery with an incidence as high as 0.92%, with the following nerves mostly affected: lateral femoral cutaneous nerve of the thigh, femoral, common peroneal, lumbosacral plexus, sciatic, obturator and lumbar or sacral root (4). Pregnancy-induced hormone, weight increase, articular ligament changes, and posture contribute to these. For posture, most parturients experienced trial of vaginal delivery and compression from fetal head especially during the second stage of labor. For this parturient, emergency cesarean section decision was made at three fingers-open, and she did not experience semi-Fowler lithotomy position, active force, and trial of vaginal delivery. In regard to childbirth factors, for one hand, the symptoms caused by fetal posture-related lumbosacral plexus or femoral injury are often foot drop, unable to stretch the leg or reduced knee flex, and the recovery of muscle force often takes few weeks or months. For another hand, the parturient's labor stagnated in the first stage, and her sensory and motor functions were normal before cesarean section.

Hence, factors from the parturient (herniation) and delivery (obstetric nerve injury) were not considered, and the MRI examination excluded epidural haematoma related compression. Could this abnormity be anesthetic-related? To test this hypothesis, in vitro testing was performed to assess the stability of the Lalk and ropivacaine mixture. We mixed sodium bicarbonate with lidocaine to adjust the pH for faster onset of action (~10 min). Despite its widespread use, ropivacaine has been reported to rapidly crystallize with pH elevation (3, 5–7). To verify crystallization, we mixed various doses of 0.83% Lalk with 0.09% or 0.5–1% ropivacaine at 37°C. Routine ropivacaine for labor analgesia is 0.09% with 6 mL as bolus dose and 6 mL/h as maintenance dose; thus, the selected doses of ropivacaine were 6 and 12 mL. A dose of 0.83% Lalk is recommended for cesarean section from 10 to 20 mL; and ropivacaine for cesarean section is 0.5% with 5 or 10 mL. Therefore, we designed two tests with different concentrations of ropivacaine and various doses to detect the mixed effects. All the medicine and materials were kept in a 37°C incubator 30 min prior to use, and each mixture was prepared freshly. The pH of each medicine and mixture were recorded within 10 min, and observed with 1 h. For the short-term stability of pH-buffering (8), this test was repeated six times in all. The pH values of each medicine and mixture are presented in Figure 1A, and the values of Lalk with ropivacaine ranged from 7.03 to 7.36. Both macroscopic and microscopic visualization observed within 1 h detected no crystals in the Lalk −0.09% ropivacaine mixture (Figure 1D). However, very slight crystallization could be observed under the microscope after mixing over 1 h (Figure 1B). Upon increasing ropivacaine from 0.5 to 1% (routine concentration for cesarean section), larger volumes and number of rod-shaped crystals were detected; when increasing the volume of ropivacaine from 5 to 10 mL, while decreasing the volume of Lalk from 20 to 10 mL, the rod-shaped crystals became much larger (Figure 1C). The macroscopic visualization revealed more precipitation with ropivacaine increasing from 0.5 to 1%, presented as a cloudy appearance (Figure 1E). With higher volume of ropivacaine and smaller volume of Lalk, the occurrence of crystallization was easy with increase precipitation (Figure 1E). Collectively, we observed a ropivacaine concentration- not pH-dependent relationship precipitation. Milner et al. showed that ropivacaine (0.75 and 1%) was unsuitable for alkalization signals at pH of 6.0 (3). Actually, even at pH value of 5.8, crystals were visible under the microscope immediately in Colsoul et al.'s study who evaluated the physical stability of the mixture of ropivacaine, clonidine, and adrenaline tartrate (5). Adding corticosteroid to local anesthetics could also increase the pH of the mixture and may cause crystallization, which has been verified in Watkins et al.'s (6) and Hwang et al.'s (7) studies. Watkins et al. observed ropivacaine crystal formation when mixed with dexamethasone, and showed a positive correlation of crystallization with higher pH (7.0 vs. 6.8) and with higher concentrations of dexamethasone (10 vs. 4 mg/mL). In Hwang et al.'s study, when ropivacaine was mixed with dexamethasone or betamethasone, crystals larger than an arteriole at physiologic pH levels (7.0 and 7.5, respectively) were observed. All these studies suggested that we should pay attention to alkalized ropivacaine for its potential hazards. For this case, with factors from the parturient, delivery and anesthesia technique excluded, and the rapid and large precipitation of high concentration of ropivacaine with Lalk in vitro, the patient's paresthesia could potentially, but not certain, be explained by drug crystallization. Elimination via macrophage phagocytosis could help explain her symptom relief (9). However, this hypothesis warrants pathological examination for further confirmation.


[image: Figure 1]
FIGURE 1. Crystallization of medicine. (A) The pH values of each medicine (mean ± SEM) detected by Sartorius PB-10 within 10 min (n = 3–6). (B) Microscopic image (10X) of the 6 mL 0.09% ropivacaine + 20 mL 0.83% Lalk group after mixing over 1 h. (C) Microscopic image (10X) of the 0.83% Lalk – ropivacaine (0.5–1.0%) mixture. (D) Macroscopic appearance of the 0.09% ropivacaine (routine labor analgesia) – 0.83% Lalk (routine doses). (E) Macroscopic appearance of the 0.83% Lalk – ropivacaine (0.5–1.0%) mixture. Lalk, alkalized lidocaine.


In summary, adding Lalk to pretreated 0.09% ropivacaine (routine labor analgesia) was safe and efficient. We advise avoiding further high concentration of ropivacaine (0.5–1%) administration; additional dilution of lidocaine with low concentration and high volume may provide safe maintenance of anesthesia and analgesia. This finding also supports the pharmacological principle that a combination of drugs should be considered incompatible, until proven compatible.
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Case Report: Complex Treatment Using Vibroacoustic Therapy in a Patient With Co-Infection and COVID-19
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The present report highlights a case of successful treatment of a 59-year-old patient who experienced pain, swelling, hyperemia, the presence of a wound of the right knee joint, impaired function of the right lower limb, weakness, fatigue, and labored breathing. Sepsis was detected in the patient as a result of periprosthetic infection with concomitant severe COVID-19. The patient was admitted to the hospital for 59 days, with 57 days of treatment of the patient at the intensive care unit. A therapy of multiple organ failure involved complex treatment using antiviral and combined antibiotic therapy, taking into account the sensitivity of the pathogen to antibiotics; glucocorticoid therapy; anticoagulant therapy; the concept of non-invasive ventilation; and vibroacoustic pulmonary therapy as a method of physiotherapy as well. An integrated approach using a vibroacoustic device in the therapy of the patient with sepsis due to periprosthetic infection with concomitant coronavirus infection had a positive effect despite the lack of etiological treatment against the COVID-19.
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INTRODUCTION

During the pandemic caused by the COVID-19, humankind has faced difficulties in all areas of their lives. Particularly this pandemic situation affected workers in the field of medicine and health. For example, surgeons had to perform surgical procedures for patients with confirmed coronavirus infection who needed immediate treatment (1–3).

Periprosthetic joint infection (PJI) is a severe sequel that occurs in 1–2% of patients with primary arthroplasties. This condition is associated with a high sickness rate and requires complex therapy strategies (4, 5). Patients with the diagnosis of PJI complicated by coronavirus or bacterial co-infection in most cases face an unfavorable outcome of the treatment (6–8).

Vibroacoustic therapy (VAT) is a kind of sound treatment that implicates transiting pure low frequency sine wave vibrancies into the body using an apparatus with coupled speakers (9). VAT has been endorsed for relieving a pain, increasing a circulation and movability of a patient (10). It also has been examined in therapy of such diseases as fibromyalgia (11), cerebral palsy, and Alzheimer’s disease (12).

Both, the present epidemiological situation and the high mortality due to coronavirus infection throughout the world and particularly in Kazakhstan puzzled all medical workers in search of a solution for this issue. The method of vibroacoustic lung therapy is actively used by our Center for treating many respiratory diseases. Based on the results of the treatment, this method has shown a positive effect in patients with coronavirus infection.

However, the effect of VAT in the treatment of various conditions has not been sufficiently studied (13, 14). Hence, the need for studying this method of therapy is crucial in order to get a more efficient treatment of patients with the comorbid background. The present clinical case describes the complex therapy of a patient with the PJI complicated by the COVID-19 viral infection by VAT using a vibroacoustic pulmonary device.

The clinical case deserves close attention because the patient presented in this study had been identified with coronavirus infection, with a Charlson comorbidity index of three points, which is associated with a high risk of mortality (15). Moreover, the patient was also diagnosed with sepsis, multiple organ failure, and disseminated intravascular coagulation as well, which are associated with a high risk of adverse outcomes.



CASE DESCRIPTION


Patient Information

A 59-year-old male patient was urgently admitted to the intensive care unit of the hospital. At the time of admission, the patient experienced pain, swelling, hyperemia, the presence of a wound on the right knee joint, dysfunction of the right lower limb, weakness, fatigue, as well as labored breathing at the moment of his admission to the hospital. According to the patient, his appetite was reduced with a repeated occurrence of vomiting. Heredity of the patient does not have any hereditary diseases. The patient was disabled due to a knee injury in 1990. Constantly, before the hospitalization the patient took drugs internally: acetylsalicylic acid 75 mg, bisoprolol 5 mg, clopidogrel 75 mg.

From 09.18.2020 to 09.29.2020, the patient was treated at the surgery department of a private clinic with a diagnosis of right-sided post-traumatic gonarthrosis of stage 3. Mixed contracture and pronounced pain syndrome of the right knee joint were also revealed in the patient. Moreover, the main diagnosis of the patient was complicated by hematoma of the postoperative wound of the right knee joint, and contact dermatitis. The echocardiography had indicated a minimal mitral tricuspid regurgitation.



Clinical Findings

According to the initial checkup, the patient’s visible skin areas were pale gray in color with mild icteric phenomena. Pastosity of the lateral abdominal surfaces and edema of the operated limb were also observed in the patient. The patient’s body temperature at the time of the examination was 38°C. Breathing of the patient was substantive, frequent (up to 24–25 per minute), shallow, and noisy. Blood pressure reached 130/90 mmHg with a pulse of 105–110 beats per minute. Furthermore, the patient’s lips were dry and the tongue was covered with a brown plaque; the abdomen was not swollen and soft on palpation; peristalsis was bugged and weakened at the time of the checkup. In line with the initial checkup, the SOFA quick test was also performed on the patient that had indicated three points and focused on infection. Therefore, sepsis was not excluded from the diagnosis.



Timeline

Chronology of the patient’s medical history from the moment of surgical procedure at a private clinic to the discharge from the hospital is highlighted in Figure 1.
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FIGURE 1. Chronology of the patient’s medical history from the moment of surgery at the private clinic to discharge from the hospital.




Diagnostic Assessment

As a result of routine laboratory tests at the time of the patient’s admission to the hospital, changes in the form of increased markers of inflammation, thrombocytosis, and anemia were revealed. The biochemical blood analysis had detected hypoproteinemia, hypokalemia, hypocalcemia, and hyperbilirubinemia. Hypocoagulation was also indicated in the analysis of the coagulogram. Blood gas analysis also showed a low oxygenation index in the patient’s blood (274.8 mmHg). Additionally, the patient was diagnosed with bilateral pneumonia according to computed tomography (CT) results. Coronavirus infection was not detected by express method COVID-19 – IgM, IgG. CT picture had also indicated moderate hepatomegaly with diffuse fatty hepatosis.

At the time of the admission to the hospital, the patient was diagnosed with bilateral pneumonia, pneumosclerosis, chronic bronchitis, and pneumosclerosis as a condition after coronary artery bypass grafting (CABG; Figure 2A). On the 5th day, the dynamics of the X-ray had shown weakly positive changes in the condition mentioned above (Figure 2B). On the 12th day, X-ray dynamics on bilateral pneumonia were negative (Figure 2C). Furthermore, on the 26th day of the hospital stay, an X-ray picture revealed bilateral polysegmental pneumonia in the stage of incomplete resolution (Figure 2D) with no changes in the X-ray dynamics on the 33rd day (Figure 2E).
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FIGURE 2. Dynamics of X-ray after the application of VALT: CXR on the 1st day (A), CXR after 18 sessions of VALT (B), CXR on the 16th day (BiPAP: FiO2 – 60%, f-18, I/E – 1/2, Pinsp – 25, PEEP – 14) (C), CXR on the 25th day (BiPAP: FiO2-40%, f-18, I/E – 1/2, Pinsp-17, PEEP-12) (D), CXR on the 32nd day (BiPAP: FiO2-40%, f-20, I/E – 1/2, Pins-20, PEEP 13) (E).


The next CT scan of the patient was performed on the 17th day after the hospitalization, and revealed focal darkening as the type of frosted glass with areas of consolidation, involving more than 75% of parenchyma. Pleural effusion had been also noted as a result of the CT. There was also a severe decline in hemodynamics and respiration of the patient, as the oxygenation index at that moment had constituted 108.6 mmHg.

The PCR test results taken from the patient for SARS-CoV-2 detection was positive. A bacteriological study of the material from the tracheostomy tube was also carried out. Pseudomonas aeruginosa was detected as a result of the study. Thereafter, such microorganisms as Morganella morganii, Pseudomonas aeruginosa, Enterobacter aerogenes, Proteus vulgaris were found in the intubation tube of the intensive care unit on different days of the patient’s stay. In addition, the following types of bacteria were seeded from the area of the patient’s surgical wound: Escherichia coli and Staphylococcus epidermidis which are the most common pathogens of periprosthetic infections.

Postoperative anemia of moderate severity was also detected in the patient. Sepsis was diagnosed as a condition of the postoperative wound of the right knee joint. Moreover, disseminated intravascular coagulation of blood, and bilateral exudative and interstitial pleurisy was additionally revealed in the patient.

Based on the above mentioned, the preliminary diagnosis of infection and inflammatory reaction caused by endoprosthetics of the right knee joint after the total endoprosthetics of the right knee joint on 09.18.2020 and necrectomy of a postoperative wound on 09.25.2020 was made. In addition, such complications as sepsis, disseminated intravascular coagulation, bilateral pneumonia, bilateral exudative pleurisy, and anemia of moderate severity were also presented in the patient.

Except for the mentioned postoperative complications the following concomitant diseases were revealed in the patient: coronary heart disease, heart failure followed by coronary artery bypass grafting (CABG, surgical procedure was performed on 07.11.2019), as well as chronic bronchitis in remission.



Therapeutic Intervention

The surgical procedure of total endoprosthetics of the right knee joint was performed on 18.09.2020.

Surgical and postoperative treatment of the wound was carried out on 25.09.2020. The patient received a course of antibacterial therapy, including Vancomycin, hemocorrection (fresh frozen plasma), parenteral nutrition (OliClinomel), and diuretics (Spironolactone, Furosemide).


Mechanical Ventilation and Oxygen Therapy

On the 5th day of the hospitalization, the progression of hypoxemia to 58.2 mmHg was transferred to a ventilator in Biphasic positive airway pressure mode with FiO2 – 40%, Tinsp – 1.6 s, Fr – 14 per minute, Pinsp – 18 mbar, Pasb – 8 mbar, PEEP – 8 mbar. With these parameters, Exhaled Tidal Volume was provided in 520–540 ml, minute volume – 9.7 l/min. According to the acid-base state analysis, normalization of the level of raO2 constituted 95.8 mmHg, raSO2 – 45.8 mmHg, pH – 7.403. On the 6th day, the patient was transferred to the constant positive airway pressure mode with FiO2 – 35%.

Thereafter, the patient was transferred to non-invasive ventilation on the 8th day after a successful spontaneous breathing test, where active respiratory therapy was performed in the form of non-invasive ventilation and inhalation. Taking into account the increasing tachypnea, changes in the gas composition of the blood, and decrease in the saturation to 76%, it was decided to admit the patient to artificial lung ventilation. On the 21st day, the patient underwent a tracheostomy. Thereafter, on the 37th day, decannulation of the tracheostomy tube was performed. The patient’s breathing was substantive, oxygen dependence, using NIV. Vibroacoustic pulmonary therapy was also performed on the patient every 4 h during the entire stay at the intensive care unit.



Antiviral Therapy

After positive results of the PCR test for SARS-CoV-2 detection, Remdesivir was prescribed at 100 mg on the first day of the treatment, followed by 200 mg of I/v h/w dispenser 1 time a day. Remdesivir was subsequently discontinued due to the long QT syndrome according to the electrocardiogram, as the drug’s metabolism and effects are unknown.



Anti-infection Therapy

On the first day after the patient’s admission to the hospital, the patient was empirically prescribed an intravenous drip of meropenem 1 g/v through a dispenser, and 20 ml of 0.9% sodium chloride solution at a rate of 40 ml/h, 2 times a day. The next day, this preparation was replaced with 30% lincomycin 600 mg/m intramuscularly. After receiving the results of the analysis of the microbiological study and determining the sensitivity of the isolated cultures of microorganisms, amikacin was added at the dosage of 0.5 g 2 times a day for 3 days. However, after the subsequent microbiological analyses, antibiotics were replaced in the following sequence, depending on the sensitivity of microorganisms: ciprofloxacin 1 g, 2 times a day + ceftazidime 1 g, 2 times a day; moxifloxacin 400 mg, 2 times a day + ertapenem intravenously through a dispenser 1 g, 2 times a day; cefepime intravenously 3 g, 2 times a day. Additionally, the patient received 100 mg of fluconazole daily, enterally 2 times a day.



Glucocorticoid Therapy

There also was the administration by the patient of dexamethasone at the dose of 4 mg 2 times a day with the length of administration of 17 days.



Anticoagulant Therapy

Enoxaparin at 40 mg 2 times a day and acetylsalicylic acid at 100 mg orally were also administered by the patient.



Liquid Volume Management

Transfusion with blood preparations was performed in the patient as well using fresh frozen plasma, washed erythrocytes, and albumin 10% to correct hypoproteinemia.

The assessment of the volemic status was carried out by measuring central venous pressure of the patient, and if necessary, was stimulated with furosemide intravenously at 20 mg 2 times a day. In the case of necessity, up to 100 mg of the preparation was administered using a medication dispenser during the day, under the control of central venous pressure.



Nutritional Support

The patient also received nutritional support at the rate of 25–30 kcal/kg/day, and protein provision of 1.2–1.5 g/kg/day.



Other

As additional measures, correction of metabolic and electrolyte disorders of the patient was carried out. The patient was prescribed to receive sedation, analgesia, humanistic care, antiarrhythmic, hypotensive drugs, and adrenomimetics under control of blood pressure. Moreover, early-stage physical therapy, including vibroacoustic pulmonary therapy was performed every 4 h.




Follow-Up and Outcomes

The patient had no contraindications for the conduction of vibroacoustic pulmonary therapy, and no undesirable consequences after the procedure. The tolerance test was carried out with the help of a short application of the device for the vibroacoustic pulmonary therapy for up to 1 min, with the evaluation of parameters of hemodynamics, saturation, and the patient’s sensation. The dynamics of the effect of the vibroacoustic pulmonary therapy were assessed according to the data of peripheral oximetry, blood gas composition, oxygenation index, and radiography of the chest organs. There was a short-term decrease in saturation up to 30 s, associated with active sputum discharge. Clinically, when using the apparatus, we observed an improvement in the drainage function of the bronchi. The drainage effect was also visually recorded during bronchoscopy. The positive dynamics from the treatment were assessed according to the data of peripheral oximetry, blood gas composition, oxygenation index, and radiography of the chest organs dynamics. The implementation of vibroacoustic therapy in the complex treatment of the patient contributed to faster rehabilitation and activation, and as a result, the length of the stay in the intensive care unit was significantly reduced. The dynamics of the patient’s respiratory function indicators are shown in Figure 3. Additionally, the dynamics of tests from the moment of the admission to the hospital to the discharge of the patient are highlighted in Figure 4.
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FIGURE 3. The dynamics of the patient’s respiratory function indicators.
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FIGURE 4. The dynamics of tests from the moment of the patient’s admission to the discharge.


The patient with improved clinical and laboratory data, CT and X-ray diagnostics, negative PCR test for the COVID-19 was transferred to a specialized department in a satisfactory condition, and 2 days later, the patient was discharged from the hospital for rehabilitation treatment at the place of a residence.




DISCUSSION

As it is known, there is a tendency for unfavorable outcomes in a patient due to the presence of several disorders. Our patient had a comorbid background of the COVID-19 infection and the accompanying pathology of the cardiovascular system. Additionally, the patient had PJI, sepsis, disseminated intravascular coagulation, and multiple organ failures as well. Twenty-three days after the hospitalization, these conditions were complicated by infection with the severe infectious disease – COVID-19. We used complex treatment with vibroacoustic therapy. The treatment of coronavirus infection was carried out in accordance with the protocol “Coronavirus infection – COVID-19,” 10th edition with amendments from 15.07.2020 of the Kazakhstan from 15 July 2020 Protocol No. 106.

To date, with the active spread of coronavirus infection around the world, it is crucial to be wary of the atypical course of other infections, including PJI, since the symptoms of one infection can disguise themselves as symptoms of another infectious disease. The combination of the COVID-19 and PJI has a more severe course and, accordingly, the approach to treatment becomes more complex (4). For this purpose, a multi-system approach to the treatment of this category of patients is required.

One clinical case was found by authors as a result of the literature search on the topic in the PubMed and MEDLINE databases (16). This clinical case describes a patient with comorbid background with COVID-19 infection and PJI, and its management in the operating room.

As it is known, the treatment of patients with concomitant cardiovascular pathology with the background of COVID-19 has its own complications. Pathological processes in this case have a tendency of entangling one another according to the type of “vicious circle” (17).

Physiotherapy is an important and necessary stage in treating such comorbid backgrounds to improve and accelerate the outcomes of the disease (18–20). Vibroacoustic therapy, as one of the methods of physiotherapy, has a beneficial effect on vibration areas by improving blood circulation (9). The method was carried out by our department using the “VibroLUNG” device, which is specially designed for vibroacoustic “massage” of the chest. Due to the use of special emitters, intense exposure is perceived comfortably due to the large coverage area with vibroacoustic emitters. Besides, the effect is transmitted through the air due to the absence of direct contact between the movable membrane and the “irradiated” surface. The device can replace manual methods of percussion and vibration chest massage in the case of respiratory system diseases (21).

Although analysis of the literature found on vibroacoustic lung therapy had not provided extensive information on the following comorbidity, the practical application of the treatment demonstrates positive results in our patients. Conducting vibroacoustic therapy sessions every 3 h in the combination with the main treatment had had a significant effect on lung function and, as a consequence, the outcome of the disease. However, full mechanisms of action of the vibroacoustic apparatus on an organism, namely on lungs, have yet to be studied (9).

The present case shows, that an integral approach to the patient with a severe course of coronavirus infection on the background of comorbidity led to a favorable outcome. Since the COVID-19 is widespread all over the world nowadays, clinicians need to learn more about the treatment of patients with the COVID-19 along with other pathology. We hope that this clinical case will help in providing care to patients with COVID on the background of PJI.



PATIENT PERSPECTIVE

According to the patient, the hardware massage was more pleasant than the manual. Moreover, the vibroacoustic pulmonary therapy via the device had contributed to more relieving cough, and improved general condition and the health of the patient.
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Background: Osmotic demyelination syndrome (ODS) has a low incidence but is a life-threatening neurological disorder whose common cause is rapid overcorrection of chronic hyponatremia. Transcatheter aortic valve replacement (TAVR) is a new and important therapy for patients with aortic valve stenosis. In this article, we discuss the case of a 64-year-old woman who developed ODS after TAVR and provide a literature review.

Case Presentation: A 64-year-old female patient was admitted to the hospital with chest tightness, shortness of breath, and fatigue for 2 months, with worsening of symptoms for 3 days prior to presentation. Auscultation revealed crackles in the lung fields, and systolic murmurs could be easily heard in the aortic area. Echocardiography showed severe aortic stenosis. Chest X-ray showed pulmonary oedema. Laboratory examinations showed that her serum sodium was 135 mmol/L. The patient received a diuretic to relieve her symptoms but showed little benefit. Her symptoms worsened, and her blood pressure dropped. Then, she underwent emergency TAVR under extracorporeal membrane oxygenation (ECMO) support. After the operation, her urine output increased markedly, and serum sodium increased sharply from 140 to 172 mmol/L. An MRI scan showed multiple lesions in the pons suggestive of ODS.

Conclusion: To date, this is the first reported case of a patient who developed ODS after receiving TAVR. In current clinical practice, diuretics are often used in aortic stenosis patients because of pulmonary oedema. After a patient receives TAVR, kidney perfusion pressure quickly returns to normal, and with the residual effect of a high-dose diuretic, balances of fluid volume and electrolyte levels in this phase are quite fragile and must be carefully managed. If a patient has neurological symptoms/signs during this phase, ODS should be considered, and MRI might be necessary.

Keywords: osmotic demyelination syndrome (ODS), transcatheter aortic valve replacement, case report, hyponatremia, serum sodium


BACKGROUND

Osmotic demyelination syndrome (ODS), which includes central pontine myelinolysis (CPM) and extrapontine myelinolysis (EPM), is defined as degeneration of myelin within the central nervous system with sharply demarcated lesions within the brain, especially the pons, and is diagnosed by magnetic resonance imaging (MRI) (1). ODS accounts for ~0.4–0.56% of all neurological admissions to tertiary referral hospitals, and MRI-based studies describe an incidence of ODS ranging from 0.3 to 1.1% (2). Although ODS is a low-incidence disorder, it is associated with high rates of disability and mortality (3). Most published cases are related to rapid correction of hyponatremia in patients with chronic hyponatremia.

Aortic stenosis (AS) has estimated prevalence rates of 12 to 13% for all AS cases and 2 to 4% for severe AS cases in patients ≥75 years of age in the Western world (4). Severe, symptomatic aortic stenosis is fatal; if left untreated, the mortality rate is 50% at 2 years (5). In 2002, the first human transcatheter aortic valve replacement (TAVR) was performed on a 57-year-old man in Rouen (France) (6), which introduced a new interventional era. TAVR is a relatively recent revolutionary treatment that has grown exponentially over the past decade and has become the mainstay of treatment for symptomatic severe aortic stenosis.

In this article, we report a case of ODS that occurred in a patient with aortic stenosis after TAVR under extracorporeal membrane oxygenation (ECMO) support. A diuretic phase was induced by a sudden improvement of low kidney blood perfusion pressure after TAVR. Balances of fluid volume and electrolyte levels in this phase are quite fragile and must be carefully managed.



CASE DESCRIPTION

A 64-year-old female patient (140 cm/48.6 kg, BMI: 24.8) presented to the hospital with chest tightness, shortness of breath, and fatigue for 2 months, with symptom worsening for 3 days prior to presentation. The patient had no history of shortness of breath or rapid breathing. Her past surgical history included cholecystectomy 10 years prior. She was not epileptic, diabetic, or hypertensive and never smoked or drank alcohol. She and her family members had no history of kidney diseases. On admission, she had a temperature of 36.3°C, a pulse of 97 beats per minute, a blood pressure of 96/65 mmHg, and a respiratory rate of 24 cycles per minute. Her consciousness was clear, and her Glasgow Coma Scale score was 4+5+6. Auscultation revealed crackles in the lung fields, the cardiac rhythm was regular, and a systolic murmur could be easily heard in the aortic area. Both lower extremities showed mild pitting oedema. Echocardiography showed severe aortic stenosis: the aortic valve area (AVA) was 0.28 cm2, and the ejection fraction (EF) was 23%. Color Doppler flow imaging (CDFI) showed that the blood flow of the aortic valve increased significantly, the peak velocity was 5.7 m/s, the peak gradient was 130 mmHg, and the mean gradient was 81 mmHg. The structures of the bicuspid valve and tricuspid valve were normal, but moderate regurgitation was evident in both the bicuspid and tricuspid valves. Chest X-ray showed pulmonary oedema and bilateral pleural effusion (Figure 1A). Lab examinations showed that her serum sodium was 135 mmol/L, AST was 396 U/L, ALT was 440 U/L, proBNP was >25,000 pg/mL, troponin I was 0.120 ng/mL, and lactic acid was 5.3 mmol/L. The patient's glomerular filtration rate was 50.5 ml/min, BUN was 12.82 mmol/L, creatinine was 76 μmol/L, serum osmolarity was 296 osmo/kg, urine osmolarity was 490 osmo/kg, urinary specific gravity was 1.014, and urine output was 950 ml/24 h. Urine glucose and urinary protein were negative.


[image: Figure 1]
FIGURE 1. Chest x-ray showed pulmonary oedema and bilateral pleural effusion when admission (A). Chest x-ray showed pulmonary oedema and bilateral pleural effusion decreased after TAVR (B).


After admission, the patient was prepared to be treated by TAVR. Before the operation, she received furosemide (20 mg p.o. qd, 1 day), spironolactone (20 mg p.o. qd, 5 days), torsemide (20 mg i.v. qd, 3 days; 20 mg i.v. bid, 2 days), and tolvaptan (7.5 mg p.o. qd, 2 days) for diuresis but showed little benefit. The patient's symptoms were worse, and her blood pressure dropped (SBP: 81–95 mmHg). Dobutamine was used immediately to maintain stable hemodynamics but failed. For unstable hemodynamics, she received emergency TAVR under the support of extracorporeal membrane oxygenation (ECMO) (venoarterial, pump rotation speed: 3,000 RPM, blood flow: 2.7 L/min). After the operation, vital signs were stable, and urine output increased markedly. On postoperative day 1, the patient's glomerular filtration rate was 45.2 ml/min, BUN was 15.45 mmol/L, creatinine was 85 μmol/L, serum osmolarity was 336 osmo/kg, urine osmolarity was 280 osmo/kg, urinary specific gravity was 1.009, and urine output was 5,720 ml/24 h (1,500 ml in the first 3 h after TAVR). Chest X-ray showed decreased pulmonary oedema and bilateral pleural effusion (Figure 1B), but serum sodium increased from 140 to 172 mmol/L (Figure 2). ECMO was discontinued on the first day after the operation. However, the patient's consciousness did not recover after the operation. CT brain scans were performed twice to look for lesions in her brain, but they did not reveal any hypodensity on CT images (Figure 3). Then, she underwent an MRI scan, and we found multiple lesions in the pons. We observed a symmetric low signal on T1-weighted imaging and a symmetric high signal on T2-weighted imaging and fluid attenuated inversion recovery (FLAIR) sequence imaging in the pons and medulla oblongata areas, which are called the trident sign (7) or Mercedes Benz sign (8). This classical radiological picture favors a change in ODS (Figure 4). However, a diffusion-weighted imaging (DWI) signal change was not observed in our case.


[image: Figure 2]
FIGURE 2. The change of serum sodium in this case.



[image: Figure 3]
FIGURE 3. CT scan didn't demonstrate any hypodensity in pons 1 day after the operation (A) and 7 days after the operation (B).



[image: Figure 4]
FIGURE 4. MRI image of the patient's head: Axial T1 weighted images demonstrating symmetric low signal in the central pons (A,E). Axial T2 weighted images demonstrating symmetric high signal in the central pons (B,F). T2 FLAIR images demonstrate symmetric high signal in the central pons (C,G). DWI images didn't show any diffusion restriction in the central pons (D,H).


She received corrective treatment for hypernatremia (changing all drug solvents (if applicable) from normal saline to sterile water injection or glucose injection) and was given water through a nasogastric tube (dextrose in water, n.g. 20 ml/h; electrolyte-free water n.g. 20 ml/h), and her serum sodium returned to the baseline level. She received intravenous injection of human immunoglobulin 20 g daily for 5 days and supportive care. After treatment, she regained consciousness but had dysarthria and impaired muscle power. She was discharged 1 month later with dysarthria and a muscle power of grade 2 in the left limbs and grade 5 in the right limbs. Two months later, we phoned the patient, and she told us that her phonetic function and muscle power had returned to normal.



DISCUSSION

Osmotic demyelination syndrome (ODS), which is characterized by widespread degeneration of myelin within the central nervous system (CNS), was first described by Adams et al. (9). Nearly two decades (mid-1970s) after it was described, people found that its common cause is rapid overcorrection of chronic hyponatremia. The increase in serum sodium causes an increase in serum osmolality. An increase in serum osmolality causes increased osmolality in the brain, which causes shrinkage of astrocytes and oligodendrocytes, resulting in their apoptosis and inflammation and disruption of the blood–brain barrier and thus leading to demyelination. However, in this case, the patient's serum sodium was normal when she was admitted to the hospital. After admission, she was diagnosed with severe aortic stenosis and resulting pulmonary oedema. To relieve the patient's symptoms, a massive dose of diuretic was used, but the patient's urinary output did not increase, and her symptoms worsened. In the past, patients in this situation were very difficult to manage. Fortunately, the development of TAVR and ECMO has afforded patients another chance for cure. The use of VA-ECMO as a salvage therapy in cardiogenic shock is becoming a current practice (10). The patient's hemodynamics were stable after ECMO was performed, and she underwent emergency TAVR. After the operation, the patient's urinary output increased prominently (1,500 ml in the first 3 h after TAVR), and serum sodium increased from 140 to 156 mmol/L and then to 172 mmol/L. A variety of therapies were used immediately to decrease serum sodium quickly, but the effect was not satisfactory (Figure 2). The patient's consciousness changed after the operation, and clinical evidence indicated that she had ODS. This case shows that ODS occurs not only in patients with chronic hyponatremia but also in patients with normal serum sodium, and that rapid sodium increases should be considered in these patients.

The frequency of symptoms and signs of heart failure (such as dyspnoea and pulmonary oedema) among patients with aortic stenosis varies depending on the stage of disease. According to the REMEDY study, the incidence of heart failure in patients with rheumatic valvular heart disease is 33.4% (11). Diuretics are often used in these patients to relieve symptoms in current clinical practice. With the development of the operation, TAVR has become a very useful therapy for patients with severe aortic stenosis. Due to blood flow disturbance from the left ventricle to the aorta in patients with severe aortic stenosis, acute prerenal kidney failure is likely caused by low kidney perfusion pressure. When aortic stenosis is relieved by TAVR, renal perfusion will improve, and renal blood flow will increase within a short time. Combined with the residual effect of a massive dose of diuretic used before surgery, the patient's urinary output will increase very quickly after the operation, and serum sodium will increase markedly, which is an important issue warranting attention. Balances of fluid volume and electrolyte levels in this phase are quite fragile. Although closely monitored and carefully managed in this case, due to systemic factors, these balances are still difficult to manage.

ODS symptoms vary, including lethargy, quadriparesis, dysarthria, ophthalmoplegia, ataxia, and even coma or death and depend on the degree of pontine involvement and the presence of extrapontine lesions (12, 13). Hildur Aegisdottir et al. analyzed 83 patients with ODS and found that 73 patients (88%) had bulbar symptoms, while 71 patients (85.5%) had dysarthria/dysphagia. Furthermore, 65 (78.3%) had limb paresis at diagnosis, and 10 (12.0%) were in a locked-in state (14). In this case, the patient's main symptoms were coma, dysarthria, and impaired muscle power, indicating injuries in the nervous system. The rate of clinical neurological events after TAVR ranges from 3 to 7% (15, 16). Patients undergoing TAVR are at an increased risk for developing acute cerebral hypoperfusion during balloon aortic-valvuloplasty/valve deployment (17). Diffusion-weighted magnetic resonance imaging (DWI) revealed new cerebral DWI lesions among >70% of patients after TAVR, regardless of the valve type or implantation strategy (18–20). In this case, when we found that the patient's consciousness had changed after TAVR, stroke was first considered. However, two CT scans did not demonstrate any hypodensity on postoperative day 1 and postoperative day 2, which did not favor stroke. After MRI was performed, a classical radiological picture was evident in the pons, which favors a change in ODS.

Early imaging evidence of changes in ODS may not appear on CT. Patients suspected of having ODS should undergo brain MRI. The typical MRI findings of ODS are a symmetric low signal on T1-weighted images and a symmetric high signal on T2-weighted and FLAIR images in the central pons or associated extrapontine structures (21, 22). The classical radiological picture is called the trident sign, butterfly sign, or Mercedes Benz sign (8). The sensitivity of DWI is still controversial. Kimberly A. Ruzek et al. found that restricted diffusion is the first imaging manifestation of CPM, which occurs within 24 h of the clinical onset of tetraplegia and before detection of abnormalities on conventional MRI images (23). However, Förster et al. analyzed eight ODS patients and found that DWI changes did not regularly precede tissue changes detectable on conventional MRI sequences (24). Therefore, Johann Lambeck believed that DWI, T1, T2, and T2 FLAIR sequences were equivalent for detection purposes (2). These imaging changes may not be clearly visible until 1–2 weeks later (25). In our case, MRI showed a symmetric low signal on T1-weighted and a symmetric high signal on T2-weighted and FLAIR imaging in the pons and medulla oblongata areas. DWI signal changes did not occur in our case.

Apart from supportive therapy and experimental therapies, no definitive treatment has been established for ODS. Ludwig et al. reported 2 cases of ODS in which treatment with plasmapheresis and intravenous immune globulin improved long-term neurologic outcomes (26). Kengne et al. found that treatment with dexamethasone resulted in fewer neurological manifestations 24 h after correction of chronic hyponatremia in a rat model of ODS, but dexamethasone failed to reduce mortality at 5 days (27). Chemaly et al. reported a case of a 13-year-old girl diagnosed with ODS who received 0.6 mg i.v. of thyrotropin-releasing hormone (TRH) daily for 6 weeks until complete recovery (28). Haruyuki Suzukican et al. found that minocycline could protect against ODS by inhibiting the activation and accumulation of microglia at the site of demyelinative lesions in a rat model of ODS. Recently, Wijayabandara et al. reported a case in which plasmapheresis may remain effective in reversing ODS several weeks after the initial osmotic insult (29). To our knowledge, the small amount of evidence on the treatment of ODS is based purely on case reports, animal experiments or small case series (2). The treatment of patients with ODS requires further study. However, depending on disease severity, these therapeutic choices should be considered in the clinical management of ODS.



CONCLUSION

In summary, to our knowledge, this is the first reported case of ODS after TAVR. ODS occurs not only in patients with rapid overcorrection of chronic hyponatremia but also in patients with normal sodium. With the development of the operation, TAVR has become a very useful therapy for patients with severe aortic stenosis. After a patient receives TAVR, kidney perfusion pressure quickly returns to normal, and with the residual effect of a high-dose diuretic administered before surgery, balances of fluid volume and electrolyte levels in this phase are quite fragile and must be carefully managed. If a patient has neurological symptoms/signs in this phase, ODS should be considered, and MRI might be necessary.
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The novel coronavirus disease (COVID-19) has resulted in a global pandemic. Recently, COVID-19-related pneumothorax has gained attention because of the associated prolonged hospital stay and high mortality. While most cases of pneumothorax respond well to conservative and supportive care, some cases of refractory pneumothorax with persistent air leaks (PALs) do not respond to conventional therapies. There is a lack of evidence-based management strategies to this regard. We describe the case of a 73-year-old man with COVID-19-related acute respiratory distress syndrome (ARDS) who developed delayed tension pneumothorax with PALs caused by alveolopleural fistulas. Despite chest tube drainage, autologous blood pleurodesis, and endoscopic procedures, the PALs could not be closed, and were complicated by thoracic empyema. Subsequent minimally invasive open-window thoracostomy (OWT) with vacuum-assisted closure (VAC) therapy helped successfully control the refractory PALs. Serial chest computed tomography monitoring was useful for the early detection of the pneumothorax and understanding of its temporal relationship with air-filled lung cysts. Our case provides a new perspective to the underlying cause of refractory pneumothorax with PALs, secondary to COVID-19-related ARDS, and underscores the potential of OWT with VAC therapy as a therapeutic alternative in such cases.
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Introduction

Coronavirus disease (COVID-19) caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has resulted in a global pandemic. Though it can affect all organs, it has a predilection for the respiratory system, where it easily progresses to acute respiratory distress syndrome (ARDS) in severe cases. While the management of the acute and critical phase of COVID-19 has advanced rapidly, the treatment of its sequelae remains a challenge.

Pneumothorax is defined as the presence of air in the pleural space with subsequent impairment of oxygen supply and ventilation. It is a known sequela of COVID-19. The association between COVID-19 and pneumothorax development has recently gained attention because of the latter’s association with prolonged hospitalization and increased in-hospital mortality (1). Pneumothorax is a common complication strongly associated with barotrauma during invasive mechanical ventilation (IMV) (2). However, COVID-19-related pneumothorax can develop in both spontaneous breathing and mechanical ventilation settings (3). It can also develop irrespective of body weight, pre-existing lung disease, or smoking status, which are well-known risk factors for pneumothorax (3). The exact mechanism underlying COVID-19-related pneumothorax therefore remains poorly understood. SARS-CoV-2 infection complicated by pneumothorax is managed by either general supportive care or removal of air from the pleural space through chest tube thoracostomy. Among such cases, the management of refractory cases with persistent air leaks (PALs) remains challenging, owing to its complex diagnosis and lack of evidence-based treatment strategies.



Case description

A 73-year-old man was admitted to our hospital for general fatigue, presenting with symptoms of productive cough and fever for 4 days. He was a former smoker who had smoked 20 cigarettes a day for 20 years but had no pre-existing lung disease. His vital signs were as follows: blood pressure, 115/80 mmHg; heart rate, 110 beats/min; blood temperature, 36.2°C; respiratory rate, 24 breaths/min; and oxygen saturation, 90% on ambient air. Hematological examination revealed the following: white blood cell count, 2,600 cells/μL; differential count, 65.5% neutrophils, and elevated levels of C-reactive protein, 5.13 mg/dL (normal < 0.14 mg/dL); D-dimer, 10.1 μg/mL (normal < 1.0 μg/mL); LDH, 384 U/L (normal range, 124–222 U/L); and serum ferritin, 1,776 ng/mL (normal range, 20–200 ng/mL). SARS-CoV-2 infection was confirmed through reverse-transcriptase polymerase chain reaction (RT-PCR). Chest computed tomography (CT) on admission revealed patchy ground-glass opacities in both peripheral lungs, indicative of interstitial pneumonia (Figure 1A). A monoclonal antibody therapy directed against the spike protein of SARS-CoV-2 (casirivimab–imdevimab, 600/600 mg as a single intravenous dose) was initiated for moderate COVID-19 pneumonia; however, it was ineffective. On day 3, the patient continued to worsen clinically with progressive ground-glass opacities observed on the follow-up chest CT (Figure 1B). Thus, oxygen was administered with a high-flow nasal cannula (HFNC) at 40 L/min, with FiO2 titrated for oxygenation. In addition, we used a combination of oral dexamethasone (6 mg daily for 10 day) and IV remdesivir (200 mg, followed by 100 mg daily for 5 day), together with tocilizumab infusion (480 mg daily for 1 day). The chest CT on day 7 of admission revealed extensive ground-glass opacities, and diffuse consolidation with air bronchogram showing anteroposterior gradient in both the lungs, consistent with that of ARDS (Figures 1C,D). The patient developed severe hypoxemia of SpO2 80%, despite HFNC oxygen therapy (FiO2 1.0, 40 L/min), requiring intubation for respiratory insufficiency and IMV in the intensive care unit. The PaO2/FiO2 ratio was 120, suggestive of moderate ARDS. The IMV in the prone position was applied at a tidal volume of 6.6 mL/kg, positive end-expiratory pressure of 15 cm H2O, plateau pressure of 14 cm H2O, and respiratory frequency of 28/min. On day 15, a catheter-related bloodstream infection caused by Enterobacter aerogenes led to bacterial septic shock, consequent acute kidney injury and disseminated intravascular coagulation, requiring vasopressors, continuous renal replacement therapy, steroid infusion (Solu-Medrol 40 mg, daily for 16 day), and heparin infusion for 7 day. In addition, broad-spectrum antimicrobial treatment with meropenem (1 g/day IV for 10 day) was initiated, followed by antimicrobial de-escalation based on antimicrobial susceptibility test results (ceftriaxone, 4 g/day IV for 12 day). The chest CT on day 22 of admission revealed several lung cysts related to diffuse alveolar damage, predominantly on the right lung. Note the air-filled cystic lesion communicating to the segmental bronchus, was suspicious of a bronchopleural fistula (BPF) (Figure 2A). Follow-up RT-PCR confirmed SARS-CoV-2 negativity. On day 26, since the patient’s clinical status gradually improved, he was weaned off the IMV and extubated. The patient’s clinical condition remained stable thereafter; however, consecutive chest CT scans revealed progressive increase in size and number of lung cysts with a tendency to fuse with each other (Figure 2B). Two days later, the patient presented with dyspnea and severe chest pain. His vital signs were as follows: blood pressure, 90/70 mmHg; heart rate, 124 beats/min; respiratory rate, 38 breaths/min; and oxygen saturation, 83% on ambient air. The breath sounds were significantly diminished on the right side. Chest CT revealed a large right pneumothorax due to collapsed cysts with mediastinal shift, strongly suggestive of tension pneumothorax (Figure 2C). Air leaks had persisted despite two consecutive 20-Fr chest drain insertions (Figure 2D). On day 53, autologous blood pleurodesis (ABP) procedure was performed (100 mL, twice), but PALs were still observed. Moreover, collected material from chest cavity drainage tube was purulent, and CT findings on day 70 of admission were consistent with those of empyema (Figure 3A). On day 76, we attempted to facilitate healing of the PALs by inserting an Endobronchial Watanabe Spigot (EWS), a type of silicone bronchial blocker. Leak isolation performed via sequential balloon occlusion of the segmental bronchus using a bronchoscope revealed that the main source of the PALs was located in the right B8b segment, which was confirmed by an immediate reduction in air leaks on deploying a medium-sized EWS (Novatech, La Ciotat, France), and the procedure was completed (Figure 3B). Although air leaks recurred after an hour, bronchoscopy did not show any displacement of the implanted EWS, suggesting that the PALs were presumably due to myriad alveolopleural fistulas (APFs). Subsequent thoracoscopy revealed that the empyema cavity was too narrow for thoracoscopic manipulation. Therefore, minimally invasive open-window thoracostomy (OWT) using a wound edge protector was performed to eliminate PALs (Figure 3C and Supplementary Figure 1A). The incision length was 7 cm and surgical time was 105 min. Nine days after a dressing change, we clinically confirmed the cessation of air leaks. On day 90, negative-pressure wound therapy (NPWT) with a vacuum-assisted closure (VAC) device (KCI Medical Products, Winborne, Dorset, United Kingdom) was performed (Figure 3D). The pleural cavity was filled with GranuFoam (VAC Granufoam; KCI Medical, San Antonio, TX, United States), and covered with semipermeable films. Continuous suction was initially started at a negative pressure of 50 mmHg, and then maintained at a maximum negative pressure of 125 mmHg, alongside careful monitoring of the lung tissue damage. The dressings were changed twice per week. The patient well-tolerated these serial procedures, and experienced relief from dyspnea. NPWT for 28 days allowed re-expansion of the collapsed lung and enhanced wound granulation, resulting in closure of the thoracic cavity without the need for muscular flaps (Figures 3E,F and Supplementary Figures 1B-E). The postoperative course was uneventful. However, on day 110, the patient developed an extrapulmonary complication of a subcortical hemorrhage of the right parietal lobe, for which endoscopic hematoma evacuation was performed on day 125. Eventually, the patient was transferred to another hospital for further rehabilitation on day 158. At the 1-year follow-up, no recurrence of pneumothorax was observed. We present a timeline of the case in Figure 4.
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FIGURE 1
Serial chest CT images after admission. (A–C), axial images; (D), coronal image. (A) Initial chest CT shows patchy GGOs in bilateral peripheral lungs. (B) Chest CT on day 3 (day 3 of admission) shows extensive and diffuse GGOs with patchy consolidation. (C,D) Chest CT on day 7 shows diffuse consolidations worsening from GGOs with air bronchogram in both the lungs. CT, computed tomography; GGOs, ground-glass opacities.
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FIGURE 2
Serial chest CT images after induction of the invasive mechanical ventilation. (A) Axial chest CT on day 22 shows a lung cyst formation (red arrow) at the right S8 segment. Note the segmental bronchus connecting to the lung cyst (yellow arrowheads). (B) Chest CT on day 41 shows the gradually expanded cyst with air-fluid level, and wall thickening secondary to lung suppuration (red arrow). (C) Chest CT on day 43 shows a huge right-sided pneumothorax with mediastinal shift (yellow arrowheads). Note the collapsed cyst in the right segment 8 (red arrow). (D) Chest CT on day 51 shows residual air leaks after chest tube drainage (white dotted arrow), extending massive subcutaneous emphysema, and further enlargement of other lung cysts (white arrowheads). CT, computed tomography.
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FIGURE 3
Multidisciplinary approach for persistent air leaks. (A) Chest CT on day 70 shows empyema and dense pleural thickening with air-fluid level. (B) Bronchoscope shows an endobronchial valve deployment inserted into the right B8b segment. (C) Post-minimally invasive OWT using a wound retractor (white arrows). (D) VAC system. Chest CT on day 97 (E) and 143 (F) show re-expansion of the collapsed lung parenchyma, and a repair of the chest wall after VAC therapy. CT, computed tomography; OWT, open-window thoracostomy; VAC, vacuum-assisted closure.
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FIGURE 4
Timeline of case presentation.




Discussion

The association between COVID-19 pneumonia and pneumothorax development has received increasing attention in the recent years. Previous retrospective and observational studies have shown that the incidence of pneumothorax is 1% in patients with COVID-19 pneumonia who need hospitalization, 2% in those who need intensive care treatment, and 5.9–15% in those receiving IMV (3–5). In a recent retrospective review examining 1,595 patients with COVID-19, pneumothorax occurred in 7% of patients, among whom IMV-related pneumothorax was diagnosed in 80% (1). Another retrospective study that examined 601 patients with COVID-19 pneumonia requiring IMV also supported the above epidemiological findings (4). Among patients requiring IMV, the frequency of barotrauma in the group with COVID-19 pneumonia was significantly higher than in the non-COVID-19 group (15 vs. 0.5%, p < 0.001), and in those with ARDS prior to the COVID-19 pandemic (15 vs. 10%, p < 0.001). Interestingly, pneumothorax occurs spontaneously in patients with COVID-19 pneumonia even in the absence of pre-existing lung disease or the need for IMV (6). Approximately 20% of patients with COVID-19 develop ARDS, which requires IMV (1). Given the high incidence rate of pneumothorax complicated by COVID-19-related ARDS, early detection and management of COVID-19-related pneumothorax is essential. While most cases of COVID-19-related pneumothorax resolve spontaneously or require chest tube drainage (1), some cases of refractory pneumothorax with PALs, secondary to COVID-19, eventually required thoracic surgery (7–9). However, COVID-19-related PALs pose diagnostic and therapeutic challenges.

Here, we described a refractory case of delayed tension pneumothorax in a patient with COVID-19-related PALs, that developed after IMV treatment for ARDS. This case provides the following two instructive clinical lessons.

Firstly, OWT-VAC therapy helped successfully control thoracic empyema with COVID-19-related PALs in our case.

A retrospective single-center study reported the details of the management and outcomes of COVID-19 complicated by pneumothorax (1). Patients having COVID-19 combined with pneumothorax were significantly associated with higher rates of in-hospital mortality than those without pneumothorax (58 vs. 13%, p < 0.001). Most patients having COVID-19 combined with pneumothorax (78%) required chest tube thoracostomy drainage for a median of 15 days (range, 2–86 days) with a median of one chest tube (range, 1–5 tubes). Large-bore chest tubes (≥ 20 F) were recommended over small-bore chest tubes (≤ 14 F) due to fewer tube-related complications. Approximately 5% of patients with pneumothorax ultimately required surgical intervention for PALs following tube thoracostomy drainage for a median of 47 days. PAL, defined as an air leak lasting for more than 5 days, can be caused by APF, BPF, or both. Although no solid guidelines exist for the management of COVID-19-related PALs, varied approaches have been documented in limited case reports and series. The surgical intervention techniques can be classified into two types depending on whether air leaks are identified. In cases of COVID-19 combined with refractory pneumothorax where air leaks can be identified anatomically, successful salvage lobectomy, surgical stapling, surgical resection of pneumatoceles, and thoracoscopic resection of blebs have been successfully performed to control PALs (1, 7–9). For patients with contraindications for surgery (advanced cancer, hemodynamic instability, severe hypoxemia, or very poor performance status), less invasive bronchoscopic interventions, such as use of endotracheal valves to seal BPFs or APFs, are indicated (10). Besides, a unique approach using endobronchial stents combined with occlusive materials for BPF closure has been reported. A combination of EWS with n-butyl-2-cyanoacrylate was successfully used to treat COVID-19-related BPFs in both elderly patients with a poor general condition complicated by multiple respiratory infections and middle-aged patients with alcoholic liver disease presenting with respiratory failure (11). In cases of COVID-19 with refractory pneumothorax where anatomical identification of air leaks is not possible, ABP is a non-surgical alternative to control COVID-19-related PALs. ABP is reportedly effective for the treatment of persistent pneumothorax with PALs in elderly patients with COVID-19 at high risk for surgery and anesthesia (12). ABP is a preferred, safe, and simple procedure for controlling PALs, with an overall success rate of approximately 92% (13). The proposed mode of action includes direct sealing of air leaks and induction of pleural inflammation, resulting in subsequent pleurodesis. However, serious complications, including tension pneumothorax caused by chest tube obstruction or empyema, may occur in < 10% of the cases (14).

In our case, adequate chest tube drainage and ABP failed to control COVID-19-related PALs, which were complicated by empyema, presumably due to procedure-related contamination or prolonged chest tube placement. Considering that the PALs persisted after endobronchial blockade in this case, the presence of residual APFs was strongly suspected. Therefore, we switched to OWT-VAC therapy, which is an ideal treatment option for empyema, eventually leading to a successful control of PALs. While conventional OWT, being minimally invasive, and allowing the direct drainage of empyema through the chest wall, effectively resolves the infections, the procedure requires resection of the ribs and intercostal muscles to permit repeated drainage and dressing of the cavity (15). Therefore, a delay in thoracostomy closure remains a concern, and a few cases warrant additional surgery. However, when combined with a VAC device, NPWT can facilitate drainage of the empyema and thoracic cavity closure, thereby shortening the length of hospital stay. NPWT is preferred over conventional therapies, owing to its advantage of faster wound healing. The following potentially beneficial effects have been considered (16): (1) a decrease in bacterial colonization of the affected tissue owing to increased clearance of infections and waste products; (2) increased circulation and oxygenation in damaged tissues owing to enhanced rapid angiogenesis; (3) reduction in interstitial edema; and (4) promotion of wound granulation, thus facilitating flap survival. Recently, NPWT has been extended to thoracic surgery. A cohort study that examined 19 patients with recurrent empyema revealed that NPWT more effectively reduced the empyema cavity, with the concurrent re-expansion of the residual lung tissue, leading to an early cure (17): The average duration of the OWT for patients undergoing VAC treatment (n = 11) was 39 ± 17 days versus 933 ± 1422 days for those not receiving VAC treatment (n = 8). Theoretically, NPWT carries the risk of aggravating BPFs and causing excessive negative-pressure-induced organ damage through the fistula, and hence, should be avoided. However, in patients with small-sized BPFs of ≤ 1 mm, NPWT is considered safe and effective for both empyema and BPF closure, under a negative pressure of 125 mmHg or less (18), by maximizing blood flow and not causing tissue damage, as proven in animal studies (19). Similarly, NPWT was safely performed in our patient with PALs caused by APFs. In addition, minimally invasive OWT using a wound retractor (XS size; Applied Medical, Rancho Santa Margarita, CA, United States) allowed minimal stoma and rib resection, maintained wound patency, and permitted daily dressing changes (20). Moreover, the combination with the VAC device induced re-expansion of the residual lung tissue and contributed to the closure of the APFs by presumably contacting the chest wall and adjacent lung lobes, thus controlling PALs. Therefore, this case highlights the potential of OWT-VAC therapy as a promising therapeutic alternative to control COVID-19-related PALs, refractory to multiple surgical interventions.

This approach has the following four possible limitations. First, as described above, NPWT is originally not indicated for treating BPFs due to the risk of negative pressure-related organ damage through the fistula (17). However, several successful cases of BPF with NPWT have been reported: NPWT performed at a negative pressure of 75–125 mmHg was effective for a 1-mm BPF but not for an 8-mm BPF (18). Therefore, in cases of large BPFs, the fistula should be controlled by either bronchoscopic or surgical interventions before NPWT. Second, for patients with poor performance status and long-term hospitalization, OWT with rib resection may have further reduced the activities of daily living due to pain. Third, there may be a residual risk of uncontrollable APFs even after OWT-VAC therapy as it does not involve radical closure of APFs. A final limitation is that additional invasive thoracoplasty may be necessary to reduce the thoracic cavity volume in case of residual free space in the thoracic cavity even after the thoracic empyema has healed. Therefore, further investigation of the efficacy of OWT-VAC therapy in refractory pneumothorax with PALs is warranted.

Secondly, serial CT monitoring facilitated the detection of pneumothorax secondary to COVID-19-related ARDS and for understanding its pathogenesis in our case.

The pathogenesis of COVID-19-related pneumothorax remains poorly understood and is considered multifactorial. It involves barotrauma, a type of ventilator-induced lung injury (21), and radiological cystic features of the lungs, which may be attributable to adverse lung processes caused by severe SARS-CoV-2 infection (22). However, the latter remains controversial due to the spontaneous resolution of cystic features in some cases while pneumothorax may occur, without accompanying cystic changes (12, 23). In addition, a patient’s self-inflicted lung injury (P-SILI) or steroids can influence pneumothorax development (24, 25). Considering that the lung cysts that developed during IMV rapidly expanded after extubation and consequently ruptured, it is highly likely that lung cysts with barotrauma-induced APFs maintained their sizes during IMV, under a lung-protective strategy. However, after IMV, they acutely progressed to rupture owing to P-SILI, which increased the volume and negative intrathoracic pressure during spontaneous single-lung ventilation, resulting in a delayed pneumothorax in this case. In addition, prolonged steroid treatment may have contributed to the lung fragility, rendering them prone to cystic degeneration. A systematic review of air leaks in COVID-19 patients showed that the average time from symptom onset to diagnosis of pneumothorax was 11.63 days (range, 1–30 days), except for a single patient (26) who developed pneumothorax after 56 days. Furthermore, several cases of recently resolved COVID-19 pneumonia have been reported for readmission with tension pneumothorax, approximately 3 weeks after symptom onset (27, 28). Our patient developed delayed tension pneumothorax 47 days after symptom onset, and 15 days after IMV withdrawal, which is the second latest manifestation of COVID-19, and rare to the best of our knowledge. Therefore, this case illustrates the significance of considering tension pneumothorax in patients showing rapid hemodynamic instability despite the resolution of COVID-19-related ARDS.

In conclusion, we reported a case of COVID-19-related PALs with delayed tension pneumothorax after IMV for ARDS. The PALs caused by APFs were refractory to multiple surgical interventions and complicated by empyema, which was eventually cured with minimally invasive OWT-VAC treatment. To the best of our knowledge, this is the first case report to describe this unique technique. Further evidence is warranted to validate OWT-VAC therapy for empyema with COVID-19-related PALs. Clinicians should be fully aware of the possibility of serious sequelae of pneumothorax in COVID-19 patients, even after associated ARDS resolution. Close CT monitoring in severe cases of COVID-19 pneumonia can be beneficial, and lung cysts should be monitored carefully for its susceptibility to secondary pneumothorax.
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Background: Legionella rarely causes hospital-acquired pneumonia (HAP), although it is one of the most common pathogens of community-acquired pneumonia. Hospital-acquired Legionnaires’ disease, mainly occurring in immunocompromised patients, is often delayed in diagnosis with high mortality. The use of the metagenome Next-Generation Sequencing (mNGS) method, which is fast and unbiased, allows for the early detection and identification of microorganisms using a culture-independent strategy.

Case report: A 52-year-old male, with a past medical history of Goods syndrome, was admitted due to nephrotic syndrome. The patient developed severe pneumonia, rhabdomyolysis, and soft tissue infection after receiving immunosuppressive therapy. He did not respond well to empiric antibiotics and was eventually transferred to the medical intensive care unit because of an acute respiratory failure and septic shock. The patient then underwent a comprehensive conventional microbiological screening in bronchoalveolar lavage fluid (BALF) and blood, and the results were all negative. As a last resort, mNGS of blood was performed. Extracellular cell-free and intracellular DNA fragments of Legionella were detected in plasma and blood cell layer by mNGS, respectively. Subsequent positive results of polymerase chain reaction for Legionella in BALF and soft tissue specimens confirmed the diagnosis of disseminated Legionnaires’ disease involving the lungs, soft tissue, and blood stream. The patient’s condition improved promptly after a combination therapy of azithromycin and moxifloxacin. He was soon extubated and discharged from ICU with good recovery.

Conclusion: Early recognition and diagnosis of disseminated Legionnaires’ disease is challenging. The emergence and innovation of mNGS of blood has the potential to address this difficult clinical issue.

KEYWORDS
disseminated Legionnaires’ disease, metagenome next-generation sequencing, hospital-acquired pneumonia, immunocompromised adult, blood


Background

Legionella are recognized as a common cause of community- acquired pneumonia, while a rare pathogen of hospital-acquired pneumonia (HAP). Old age, underlying debilitating conditions, and immunocompromised status are risk factors for Legionnaires’ disease. Legionella species are best known for causing pneumonia and can also cause a wide range of extra-pulmonary manifestations, which is known as disseminated Legionnaires’ disease (DLD). Life-threatening multiple organ dysfunction can occur in severe cases (1). The diagnosis of DLD can be challenging due to the rarity of the infection and the fastidious growth in unbiased-culture based testing (2). Metagenomic next-generation sequencing (mNGS) is a nucleic acid sequencing technique with high-throughput capacity for the detection of pathogens in a single assay. A chief advantage of mNGS is unbiased sampling, which enables broad identification of known as well as unexpected pathogens or even the discovery of new organisms (3). Here, we present a case of disseminated Legionnaires’ disease in a patient with immunodeficiency disease and treated with immunosuppressive therapy, whose conventional microbiologic testing were all negative and finally achieved the correct diagnosis by mNGS of blood. This is the first case of DLD diagnosed by mNGS to our knowledge. This case warrants the attention of Legionnaires’ disease in hospitalized patients and highlights the value of mNGS technology in diagnosing the disease.



Case report

A 52-year-old male was admitted to the department of nephrology in our hospital presenting with edema of the eyelids and bilateral lower extremities for 1 month. Laboratory findings upon admission revealed a large amount of proteinuria, hypoalbuminemia, and hyperlipidemia, which suggested the diagnosis of nephrotic syndrome. The patient then received oral methylprednisolone 60 mg daily. Meanwhile, he was diagnosed with Good’s syndrome for concurrent thymoma and significant hypogammaglobulinemia. Two weeks later, the patient developed high fever, productive cough with non-purulent sputum. Pneumonia was confirmed by chest CT, and he received empirical ceftazidime, imipenem, and intravenous immunoglobulin without good clinical response. He also complained of myalgia and muscle swelling in his left lower extremity. Twenty-two days after admission, the patient was transferred into the medical intensive care unit (MICU) because of the aggravating respiratory failure. The patient was a non-smoker and had no history of diabetes or alcoholism. He did not recall any exposure to potentially contaminated water or animals.

On admission to MICU (day 0), he was drowsy and distressful. His vital signs were as follows: body temperature 38.0°C, pulse rate 125 beats/min, respiratory rate 38 breaths/min, blood pressure 116/74 mmHg, and pulse oxygen saturation 97% with a non-rebreather mask. Diminished breath sounds in the right lower lung were heard on auscultation. There was no audible cardiac murmur. His abdomen was soft and non-tender without hepatosplenomegaly. Shifting dullness was positive, along with moderate pitting edema of the limbs and lumbosacral area. The skin over his left calf was congestive and swollen with tenderness (Figure 1A). Laboratory findings upon admission revealed a white blood cell count of 2.67 × 109/L with an elevated neutrophil ratio of 96.3%, hemoglobin of 120 g/L, and platelet count of 62 × 109/L. The serum biochemistry panel was remarkable for striking elevation of muscle enzyme spectrum on MICU day 0, including creatine kinase increased from 10,759 to 13,514 U/L, myoglobin from 2,820 to 93,484 μg/L, alanine aminotransferase 131 U/L, aspartate aminotransferase 254 U/L and lactic dehydrogenase 1,489 U/L. The serum creatinine was 226 μmol/L with hyperkalemia. The concentration of C-reactive protein and procalcitonin was 271.33 and 100 ng/mL. Cytomegalovirus (CMV) DNA in peripheral blood was 300,000 copies/ml detected by polymerase reaction (PCR). Chest CT revealed patchy shadows and consolidations in both lungs and pleural effusion bilaterally. Presumed abscess in the right lower lobe and cavitation in the left upper lobe were noted as well (Figure 2).
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FIGURE 1
Skin congestion and swelling on the left calf (A) on admission, and right chest wall (B) 5 days after admission.
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FIGURE 2
Chest CT on admission revealed patchy shadows and consolidations in both lungs and pleural effusion bilaterally. Presumed abscess in the right lower lobe (white fine arrow) and cavitation in the left upper lobe (red thick arrow) were noted.


After MICU admission, intravenous vancomycin and ganciclovir were added for the presumed skin and soft tissue infections and cytomegalovirus viremia, respectively. However, the patient’s condition kept deteriorating with persistent fever, skin lesion expanding (Figure 1B), rhabdomyolysis and subsequently acute respiratory distress syndrome. The patient was intubated and on invasive mechanical ventilation on MICU day 1, and continuous renal replacement therapy was initiated on MICU day 2.

Tracheal aspiration was found to be non-purulent after intubation. The patient underwent a standard of care microbiologic diagnostics for bacteria, viruses, and fungi, including staining and culture, multiplex PCR, and serologic testing. Unfortunately, any clinical relevant pathogens were undetected. Although no pathogen was identified through comprehensive conventional microbiologic workup, infection was still highly suspected, and thus, blood and the skin specimen were sent for mNGS assay on MICU day 3. We performed mNGS on the Illumina platform by using DNA extracted from the peripheral blood and the skin specimen. In terms of blood mNGS, nucleic acids were extracted from the plasma and blood cell layer, respectively, corresponding to cell-free DNA (cfDNA) and intracellular DNA (iDNA). The total numbers of sequencing reads were 27 million, 12.5 million, and 51 million sequences for the libraries of mNGS on the plasma, blood cell layer, and skin sample, respectively. PathoXtract Nucleic Acid Kit (WYXM03001S, Willingmed Corp., Beijing, China) was used to extract DNA. Sequencing data were processed using Pathogen Identification Sequencing (PIseq) Metagenomic Sequencing Data Management System V2.0 (Willingmed Corp.) automatically. The high-quality sequencing data were compared with the human reference genome GRCH37 (hg19) by alignment software to remove the human host sequence and obtain clean data for use in the subsequent identification of pathogenic microorganisms. The clean data were aligned with the established reference database of pathogenic microorganisms to perform the annotation of pathogenic microorganism species, complete the final analysis, and obtain results on microorganism identification. We got the detection report the next day, revealing cell-free DNA (cfDNA) of Legionella pneumophila as high as 84,930 reads per Million (RPM) in the plasma layer, and intracellular DNA (iDNA) of the same pathogen as 6,470 RPM in the blood cell layer. mNGS of the skin specimen of left lower limb identified Legionella pneumophila with 349 RPM. The test also revealed low to moderate levels of CMV in both plasma and blood cell layer. Meanwhile, low level of Pseudomonas aeruginosa was also detected in plasma, which was 30 RPM. Further pertinent investigation revealed positive serum IgM, IgG antibodies of Legionella. PCR of Legionella pneumophila on BALF was also positive. Specific DNA sequences of Legionella pneumophila were identified by PCR in the skin specimen as well. On MICU day 5, azithromycin and moxifloxacin were used instead of imipenem according to the diagnosis of disseminated Legionella infection. The patient’s fever subsided soon afterward, along with skin alleviation of congestion and tenderness. After another 1 week of treatment, his condition improved dramatically with muscle enzymes dropping into the normal range and with the recovery of renal function. He was extubated on MICU day 9 and was transferred to general ward on MICU day 12 (Figure 3). The patient was in good condition during the follow-up. After rehabilitation exercises, the patient could take care of himself, with normal body temperature and no need of any oxygen support before he was discharged from the hospital.
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FIGURE 3
Timeline of the patient with disseminated Legionnaires’ disease. The patient was transferred into MICU on May 12, 2021, which was ICU Day 0. Major events during the course of the patient’s illness are indicated in the graph. The upper graph shows the body-temperature curve (blue line). Laboratory values obtained and primary medications administered during the patient’s ICU hospitalization are shown below. HFNC denotes high-flow nasal cannula, MICU medical intensive care unit, RA room air, mNGS metagenome Next-Generation Sequencing.




Discussion

We here reported a rare case of hospital-acquired disseminated Legionnaires’ disease in an immunocompromised patient, who had a history of Good’s syndrome and nephrotic syndrome and received immunosuppressive therapy due to nephrotic syndrome. Clinical and imaging examination demonstrated evidences of severe pneumonia, rhabdomyolysis, and local skin infection. All conventional microbiologic tests were negative, and the causative pathogen (Legionella pneumophila) was finally identified by mNGS.

Generally, Legionella was not considered on the list of candidate pathogens of HAP, therefore the diagnosis and treatment of hospital-acquired Legionnaires’ disease is often delayed. Disseminated Legionnaires’ disease is even more difficult to diagnose for its rarity and lack of efficient testing methods. There are some differences between hospital-acquired and community-acquired Legionnaires’ disease. Community-acquired Legionnaires’ disease is often caused by Legionella pneumophila (Lp), which often occurs in people with competent immunity, presenting non-specific clinical manifestations (1). Hospital-acquired Legionnaires’ disease is more likely to be caused by other Legionella species and often occurs in patients with immunodeficiency (4). Severe cases are more common in hospital acquired cases, with prone pulmonary cavities, extrapulmonary presentations such as skin eruption, myositis, pericarditis, and myocarditis, thus with a higher mortality rate (5, 6). Skin presentations are uncommon in Legionnaires’ disease and hard to diagnose, erythema, nodules, and blisters can be seen locally, while skin pathology lacks specificity (2, 7). Dagan et al. found that the mortality of HAP caused by Legionella is higher than CAP caused by the same pathogen, which may be attributed to the former’s delayed diagnosis and treatment as was also seen in this case (8). In the present case, the nucleic acid of Legionella in peripheral blood was firstly detected by mNGS. Thereafter, the detection of nucleic acid of Legionella in both BALF and skin by PCR further confirmed the diagnosis. Serum IgM and IgG antibodies of Legionella were also positive. The etiologic diagnosis of disseminated Legionnaires’ disease was made according to above clinical data in 5 days. This patient had a significantly large area of consolidation in the right lung combined with rhabdomyolysis and skin lesions in the early stage, which all resolved after azithromycin and moxifloxacin treatments specific to Legionella. Early diagnosis played a tremendous role in the successful treatment.

The mNGS results in this case is a turning point in the diagnosis of DLD. mNGS is a nucleic acid sequencing technique with high-throughput capacity and un-biased pathogen detection in a single assay. It has been increasingly applied in kinds of infectious diseases for its ability to discover new or unexpected organisms (3). For suspected pneumonia in critically ill immunocompromised patients, BALF mNGS and conventional microbiological tests had comparable diagnostic accuracy for bacterial and viral infections (9). For septic patients in ICU, plasma mNGS was more sensitive than blood culture in detecting bacterial infections and allowed for simultaneous detection of viral pathogens (10). mNGS show more priority in areas where conventional diagnostic approaches have limitations. At present, missed diagnosis of Legionella infection is still common due to limited detection methods such as gram stain and immunofluorescence stain. As for other methods, the urine antigen of Legionella is limited to the Lp1 serotype, and it is difficult to make the diagnosis of acute infection based on positive serum antibodies. The blood culture of Legionella is not sensitive because strict bacterial growth conditions are needed (1). The emergence of mNGS has the potential to facilitate the early recognition and diagnosis of Legionella disease, which is approved again by this case. Fast and unbiased, the technical advantages of mNGS prevent rare but lethal pathogens such as Legionella from being omitted in the diagnostic process and thus benefit critically ill patients. In conclusion, mNGS performs well in detecting uncommon, novel, and co-infecting pathogens without the need for a priori knowledge, thus providing new diagnostic clues for difficult-to-diagnose infections in critically ill or immunocompromised patients. However, it is worth noting that mNGS has some potential drawbacks and unresolved issues in clinical practice. First, mNGS is not standardized between laboratories, and interlaboratory variability makes results not comparable between laboratories. Secondly, it is challenging to discriminate causative pathogens from others (normal microbes and environmental contaminants) due to the lack of a unified approach to interpreting the result of mNGS (3). Last, as with all nucleic acid assays, the identification of microbes in mNGS does not directly confirm the presence of viable, live organisms. The clinical significance of organisms should be determined by a combination of the clinical manifestation, conventional testing, and the application of antibiotics.

Nowadays, plasma mNGS assay for identifying microbial cfDNA sequencing to predict bloodstream infection is increasingly used in critical patients. It has many limitations though, such as interference by both human nucleic acid signal and background microbial signals (11, 12). The detection of circulating microbial cfDNA in plasma presents either true bloodstream infection or circulating microbial DNA in the bloodstream derived from other local infection sources. By limiting detection to plasma, intact or intracellular microorganisms might also be missed (13). With the maturation of human-derived host nucleic acid removal technology in peripheral blood samples by PathoXtract Nucleic Acid Kit (WYXM03001S, Willingmed Corp., Beijing, China), the derived mNGS technology can detect DNA sequences in both plasma (cfDNA) and blood cells (intracellular DNA, iDNA). The cfDNA contains information about cells that are lysed hours or days previously, while the iDNA essentially indicates the existence of potentially alive or intact bacteria (14). Technically speaking, the detection of microbial iDNA in the blood cell layer might indicate true bloodstream infection, rather than local infection sources. Intracellular pathogens, such as Legionella and Listeria monocytogenes, can also be detected from microbial iDNA sequencing. Legionella sequences were detected in both plasma and blood cell layer in our patient, which suggested that Legionella was disseminated by the bloodstream.

Azithromycin, doxycycline, or levofloxacin can be considered as first-line therapy. β-lactams and aminoglycosides are ineffective. The combination of azithromycin and fluoroquinolones has been used in mostly severe unresponsive disease. However, there is no convincing evidence of its effectiveness (1). Early adequate therapy can reduce mortality (15). Immunocompromised patients with Legionnaires’ disease are at risk for both severe infection and relapse. In addition, extrapulmonary infections often occur in immunocompromised patients. An extended course for more than 14 days is recommended for patients with immunosuppression. The total course should be adjusted based on clinical response. Because of the risk of relapse, we also consider reducing immunosuppression when possible. If prolonged and high levels of immunosuppression are required, a suppressive course of therapy (e.g., 3–6 months) can be given (16). Our patient received 10 days combination of azithromycin and levofloxacin, reducing to azithromycin alone for 2 months. He responded promptly to treatment and has not relapsed.

Hospital-acquired Legionnaires’ disease mainly occurs in immunosuppressed patients, which results in high morbidity and mortality. This unique case indicates that mNGS is a promising unbiased diagnostic technique for early detection of Legionella and other unexpected pathogens. Early adequate therapy can improve outcomes of critically ill patients with DLD.
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Guillain–Barré syndrome (GBS) is a potentially life-threatening post-infectious autoimmune disease characterized by rapidly progressive symmetrical weakness of the extremities. Herein, we report a case of GBS associated with drug poisoning complicated by Klebsiella pneumoniae infection. A 38-year-old woman was admitted to the intensive care unit after taking an overdose of amitriptyline and was later diagnosed with coma, Klebsiella pneumoniae infection, and septic shock. Thirteen days after admission, she was diagnosed with GBS based on acute muscle pain, flaccid paralysis, hyporeflexia, reduced amplitude of compound muscle action potential, and albuminocytologic dissociation in the cerebrospinal fluid. GBS rarely occurs after a drug overdose and septic shock, and this is the first report of a rapidly progressive GBS following amitriptyline overdose and severe Klebsiella pneumoniae infection.
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Introduction

Guillain–Barré syndrome (GBS) is an acute, generalized polyradiculoneuropathy that can cause rapidly progressive flaccid weakness (1). Although its pathogenesis is not fully understood, most experts believe that it might be due to the recognition of antigens in the body by the immune system, which causes the autoimmune cells and antibodies to attack the peripheral nerves and cause peripheral nerve demyelination (2). Herein, we present a case of amitriptyline overdose complicated by Klebsiella pneumoniae infection-induced pneumonia and secondary GBS.



Case description

A 38-year-old woman, known to have had depression for over half a year, presented to the emergency department 6 h after taking an overdose of amitriptyline (about 100 tablets). On examination, she had a heart rate of 134 beats/min, a blood pressure of 110/66 mmHg, a respiratory rate of 21 breaths/min, a body temperature of 36.2°C, an oxygen saturation level of 98%, a Glasgow Coma Scale score of five, and a sequential organ failure assessment score of nine. Chest computed tomography (CT) (Figure 1) revealed inflammation in both the lungs, especially in the right lung, which was considered to be due to aspiration pneumonia, local bronchiectasis in the middle lobe of the right lung, and interstitial pulmonary edema in the upper lobe of both lungs. In addition, we were informed that the patient was allergic to penicillin and had no other significant medical or family genetic history.


[image: Figure 1]
FIGURE 1
 Chest CT images revealing pneumonia. (A) CT scans on the first day after admission; (B) CT scans at 72 h after admission; (C) CT scans on the fourth day after transferring out of the ICU; and (D) CT scans after GBS diagnosis and treatment for 5 days.


On admission, the patient was immediately scheduled for emergency treatment. After gastric lavage, endotracheal intubation, and blood pressure control with vasoactive drugs, the patient was admitted to the intensive care unit (ICU). The remaining drugs were removed by hemoperfusion combined with hemofiltration adsorption. Meanwhile, moxifloxacin and biapenem were used to treat the infection and for organ support. After 2 days, the concentration of amitriptyline in the patient's blood decreased significantly (Table 1).


TABLE 1 Concentrations of amitriptyline in the patient's blood.

[image: Table 1]

However, 72 h after admission, her body temperature rose to 39.8°C, while her blood pressure and oxygen saturation continued to decline. The invasive hemodynamic assessment was performed by measuring pulse index continuous cardiac output, and the patient was diagnosed with septic shock in addition to amitriptyline overdose. Chest CT (Figure 1) showed progression of pneumonia, and skull CT (Figure 2) showed brain edema due to hypoperfusion. Metagenomic next-generation sequencing (mNGS) of the bronchoscope lavage fluid revealed the abundance of Klebsiella pneumoniae sequence, and the pathogen Klebsiella pneumoniae was confirmed by quantitative polymerase chain reaction (qPCR) (Figure 3). Imipenem and tigecycline were used as anti-infective agents, considering the possibility of septic shock caused by aspiration pneumonia. At the same time, other symptomatic treatments were administered, such as acid suppression, liver protection, phlegm resolution, white protein supplementation, diuresis, rehydration, and potassium supplementation through micro-pumps, fluid infusion, and nutritional support. On the second day of treatment, the patient showed substantial clinical improvement. The blood gas analysis results were satisfactory after endotracheal intubation was removed, and the patient was transferred out of the ICU after 5 days.


[image: Figure 2]
FIGURE 2
 Skull CT images showing brain edema. (A) CT scans at 72 h after admission; (B) CT scans on the fourth day after transferring out of the ICU.



[image: Figure 3]
FIGURE 3
 Detection of Klebsiella pneumoniae by qPCR in alveolar lavage fluid samples. NTC, negative control; 1102–12, alveolar lavage fluid sample; PTC, positive control.


Unfortunately, the patient gradually developed symmetrical limb weakness, which continued to worsen and was primarily diagnosed as ICU-acquired weakness. The patient could neither move her limbs nor eat independently for 4 days despite being transferred out of the ICU. Physical examination showed that the limb muscle strength level was within the range of grade 0–1, muscle tone was decreased, expectoration could not be produced, and sputum was abundant and viscous. Ceftazidime–avibactam sodium was administered as an anti-infective treatment (2.5 g q8h). Cerebrospinal fluid was collected through a lumbar puncture on the fifth day for laboratory examination and diagnosis. The results confirmed protein cell separation; cerebrospinal fluid protein levels were 1,104 mg/L, and cerebrospinal fluid leukocytes were 3 × 106/L. The nerve conduction study test showed severely slowed conduction velocities with disappeared compound motor action potential and absent H-reflexes and F-waves, thus suggesting demyelination of nerves. The antibodies in cerebrospinal fluid against autoimmune peripheral neuropathy and myasthenia gravis were absent. Therefore, these symptoms could not be explained by ICU-acquired weakness and sepsis secondary to multiple myopathies, which have normal findings on the nerve conduction study tests. Based on the results of these tests and consultation with neurology experts, the patient was diagnosed with secondary GBS.

Afterward, human immunoglobulin was administered at 0.4 g/kg body weight/day (daily dose, 20 g; calculated according to her body weight) for 5 days, with close monitoring of the patient's respiratory status and supplementation by symptomatic support treatment. After 5 days, the patient's mental state improved. Her voice was louder, and she could move her fingers and toes slightly. Furthermore, the infection index and chest CT (Figure 1) showed significant clinical improvement. She was subsequently transferred to a rehabilitation hospital for maintenance therapy 2 weeks later. Four weeks after she was discharged, the muscle strength of the distal extremities was within the range of grade 1–2, and the symptoms gradually resolved. The timeline of the patient's clinical course described above is presented in Figure 4.


[image: Figure 4]
FIGURE 4
 Diagnosis and treatment timeline of the case.




Discussion


Pathogen infection might be a crucial essential factor causing GBS

Two-thirds of patients with GBS have prior respiratory or gastrointestinal symptoms. Usually, an abnormal autoimmune response is induced in the peripheral nerve and the spinal cord root due to infection or other immune stimulation, which leads to the development of GBS (1, 2). Infection with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), Campylobacter jejuni, cytomegalovirus, Epstein–Barr virus, Haemophilus influenzae, Mycoplasma pneumoniae, herpes simplex virus, and Borrelia burgdorferi (Lyme disease) are reportedly associated with the pathogenesis of GBS (3). GBS has also been reported to occur following SARS-CoV-2 vaccination (4). In this case, we believe that the coma after drug poisoning caused aspiration pneumonia by Klebsiella pneumoniae. According to the findings of this case of severe respiratory tract infection caused by Klebsiella pneumoniae, the diagnosis of GBS should be considered if the patient shows clinical symptoms such as symmetrical limb weakness.



Clinical classification and diagnostic criteria for GBS

GBS is characterized by rapid progression and symmetrical limb weakness with hyporeflexia or the disappearance of reflexes but has not been reported to be caused by inhalation infection after drug poisoning. Its clinical causes, sensory symptoms, muscle weakness, ataxia, pain, and autonomic nerve dysfunction are highly variable (5). According to its clinical signs and electrophysiological diagnostic characteristics, GBS can be divided into four subtypes: acute motor axonal neuropathy, acute motor and sensory axonal neuropathy (AMSAN) with both motor and sensory involvement, acute inflammatory demyelinating polyneuropathy characterized by demyelinating lesions and sensory disorders, and Miller Fisher syndrome dominated by facial paralysis (2, 3). BS diagnosis depends mainly on clinical symptoms, followed by cerebrospinal fluid evaluation and electromyography. Different subtypes have different clinical manifestations, electrophysiology, and histopathology. For typical GBS, rapid progressive bilateral limb weakness is the main symptom. In other subtypes, patients show cranial nerve function defects, especially bilateral facial muscle weakness, dysphagia, or extraocular muscle dyskinesia. Some patients experience respiratory failure or severe autonomic nerve dysfunction. A slight increase in leukocyte count may be found in cerebrospinal fluid analysis. However, due to the dissociation of albumin cells, the protein count in the cerebrospinal fluid remains very high (2, 6). In this study, despite actively controlling the condition, symmetrical weakness of the limbs gradually increased, resulting in the patient being unable to move her limbs or eat independently. The limb muscle strength level of the distal extremities was within the range of grade 0–1, the muscle tone was decreased, and she could not expectorate, which was consistent with the symptoms of AMSAN (2, 7). Her diagnosis of GBS is a diagnosis of exclusion, as the primary attempt of our in-depth workup was to exclude all other likely diagnoses that would explain her clinical presentation. Demyelination was detected upon nerve conduction study, and this could be used to distinguish GBS from ICU-acquired weakness. The antibodies in cerebrospinal fluid against autoimmune peripheral neuropathy and myasthenia gravis were absent, so multiple myopathies were excluded from the diagnosis. After the GBS diagnosis was confirmed, and intravenous immunoglobulin was administered, the patient showed noticeable improvement (8).



Immunomodulatory therapy is the primary clinical treatment

Multidisciplinary cooperation and immunotherapy are often used to treat GBS, with plasma exchange (PE) therapy and intravenous immunoglobulin being the effective methods (7). PE therapy within the first 4 weeks of onset has been reported as a proven effective treatment method for GBS. As intravenous immunoglobulin is also easier to administer and is more widely available than plasma exchange, it is usually the treatment of choice (8–10). PE acts by reducing or removing specific antibody components in the blood, thereby reducing immune cross-reactions. Usually, in patients with GBS, PE therapy is performed three to five times every other day for 7–14 days, and the PE rate is 120–200 ml/kg (40–50 ml/kg/day) (11). Similarly, intravenous injection of high-dose immunoglobulin (in the present case, the dose administered was 0.4 g/kg body weight/day for 5 days) can reduce the concentration of specific antibodies in the patient's blood by increasing the amount of immunoglobulin and reducing the antibody response to pathogenic antigens (12). Its curative effect was reported to be similar to that of PE therapy (13, 14). Intravenous injection of gamma globulin usually begins within 2 weeks of GBS onset. Early initiation of intravenous immunoglobulin or PE is beneficial and crucial, especially in patients with rapidly progressive weakness (11, 15). Previous studies showed that following the progression stage of the disease is the plateau stage, which usually lasts for 2 days−6 months (average, 7 days), after which the patient starts to recover (2, 3, 7). In the present case, because of the timely diagnosis, a 5 day human immunoglobulin dose of 0.4 g/kg body weight/day was administered. We significantly controlled the development of the disease and, thus, had adequate time for follow-up rehabilitation.




Conclusion

We reported a case of amitriptyline overdose complicated by severe pneumonia caused by Klebsiella pneumoniae infection and rapidly progressive GBS. It is necessary to distinguish cases of the unexplained decline of limb muscle strength or abnormal sensations from easily confused conditions, such as ICU-acquired weakness and multiple myopathies, and be alert to possible GBS. Careful medical history, examination of systemic nervous function, cerebrospinal fluid examination, detection of pathogenic microbes by mNGS, magnetic resonance imaging of the head and the neck, electromyography, and autoantibody spectrum of autoimmune peripheral neuropathy should be considered for precise diagnosis. In addition, predictive biomarkers need to be developed to achieve better results for faster identification and to guide diagnosis and treatment.
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Volatile anesthetics have been described as a rescue therapy for patients with refractory status asthmaticus (SA), and the use of isoflurane for this indication has been reported since the 1980s. Much of the literature reports good outcomes when inhaled isoflurane is used as a rescue therapy for patients for refractory SA. Venovenous (VV) extracorporeal membrane oxygenation (ECMO) is a mode of mechanical circulatory support that is usually employed as a potentially lifesaving intervention in patients who have high risk of mortality, primarily for underlying pulmonary pathology. VV ECMO is usually only considered in cases where patients gas exchange cannot be satisfactorily maintained by conventional therapy and mechanical ventilation strategies. We report the novel use of isoflurane delivered systemically as treatment for severe refractory SA in a patient on VV ECMO. A 51-year-old male with a history of asthma was transferred from another institution for management of severe SA. He was intubated at the referring hospital after failing non-invasive ventilation. Initial arterial blood gas (ABG) showed pH 7.21, partial pressure of carbon dioxide (PCO2) >95 mmHg, and partial pressure of oxygen (PaO2) 60 mmHg. VV ECMO was initiated on hospital day (HD) 1 due to refractory respiratory acidosis. After ECMO initiation, acid-base status improved, however, severe bronchospasm persisted and intrinsic positive end expiratory pressure (PEEP) was measured at 18 cm H2O. Systemic paralysis was employed, respiratory rate (RR) was reduced to 4 breaths per minute. This degree of bronchospasm did not allow for ECMO weaning. On HD 5, the patient received systemic isoflurane via the ECMO circuit for 20 h. The following morning, intrinsic PEEP was 4 cm H2O, and wheezing improved. He was decannulated from VV ECMO on HD 10 and extubated on HD 17. Inhaled isoflurane therapy in patients on VV ECMO for refractory SA has shown good results, but requires delivery of the medication via anesthesia ventilators. Our case highlights an effective alternative, systemic delivery of anesthetic via the ECMO circuit, as it is often difficult and dangerous to transport these patients to the operating room (OR) or have an intensive care unit (ICU) room adjusted to accommodate an anesthesia ventilator.
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Introduction


Status asthmaticus overview

Status asthmaticus (SA) is defined as the condition of a patient in progressive respiratory failure due to asthma, in whom conventional forms of therapy have failed (1). Approximately 10% of the world's population suffers from asthma, and there is a 15% disease burden in the United States over the last two decades (2). It is estimated that 3–16% of hospitalized adult patients with asthma progress to respiratory failure requiring ventilator support. Mortality is reported at approximately 10% in ICU patients admitted with SA (3), and reported to be as high as 21% in intubated patients (4).



Therapeutic approach to status asthmaticus

The standard approach to treating severe asthma exacerbations include the use of short-acting inhaled beta-agonists with a preference for albuterol due to higher beta-2 selectivity (5) along with systemic corticosteroids such as methylprednisolone (6). Other adjunctive pharmacotherapy include inhaled anticholinergics (ipratropium) and intravenous magnesium (7).



Ventilator management in status asthmaticus

A small percentage (2–4%) of those with SA will require mechanical ventilation due to encephalopathy, inability to oxygenate or ventilate, or muscle fatigue (8, 9). The decision to intubate should be made clinically, and should be considered in patients with increasing lethargy, use of accessory muscles, change in posture or speech, and/or decreasing rate and depth of respiration (10). After initiation of mechanical ventilation, it is important to monitor airway resistance and pulmonary hyperinflation, titrate FiO2 to maintain a SpO2 90–92% and adjust minute ventilation to maintain a pH >7.25. To avoid intrinsic PEEP, a strategy of permissive hypercapnia is employed by reducing tidal volumes (5–7 mL/kg), lowering respiratory rate (10–12 breaths per min) and extending expiratory time through adjustment of I:E ratio (I:E 1:3–1:4) (11).

Volume-controlled modes are recommended due to the delivery of constant flow, which can help decrease peak airway pressures. Pressure-controlled modes allow for control of peak airway pressures, however, in asthma the high peak airway pressure is due to airway resistance rather than reduced compliance. In the absence of intrinsic PEEP, plateau pressure should only be mildly elevated, as it provides the best estimate of alveolar distending pressure when esophageal pressure monitoring is unavailable. Elevation of plateau pressure >25 cm H20 should raise concern for severe dynamic hyperinflation, which can cause life-threatening hemodynamic instability and barotrauma. Minimal PEEP should be utilized to prevent intrinsic PEEP and not contribute to hyperinflation.

Patients who are intubated for status asthmaticus should be deeply sedated, and paralyzed if necessary, to prevent any patient-ventilator dyssynchrony.



Advanced therapies for status asthmaticus

VV ECMO is a form of mechanical circulatory support reserved for those with respiratory failure refractory to conventional treatment (12). Large cannulas are peripherally placed in central veins allowing for the removal and return of venous blood as it is passed through a membrane serving to oxygenate and remove carbon dioxide through centrifugal forces. The use of VV ECMO in status asthmaticus is rare and only reserved for those who have inadequate gas exchange with mechanical ventilation or unsafe airway pressures. Unlike in acute respiratory distress syndrome (ARDS), the criteria for cannulation are less concrete. This is mostly due to the significantly fewer cases. However, those who require ECMO support tend to have favorable outcomes with a survival reported at 84% (13). While selection criteria vary from center to center, common exclusion criteria include age, presence of chronic comorbidities or concern for neurological injury. Potential complications include major bleeding, thromboses, infection, renal failure, pulmonary and CNS hemorrhage among many others. The use of ECMO in asthma patients allows the lungs to rest, thus providing time for bronchiolar relaxation until the bronchospasm has subsided. While imposing risk, ECMO has been used successfully as an early adjunct to therapy in patients whose gas exchange cannot otherwise be satisfactorily maintained by conventional therapy and ventilation strategies (14).

Inhaled volatile anesthetics have been cited as a rescue therapy for severe refractory status asthmaticus (15–18). There are multiple postulated mechanisms regarding how these agents work, including direct relaxation of bronchial smooth muscle, inhibition of the release of inflammatory mediators, beta adrenergic receptor stimulation, reduction of vagal tone and vagal-mediated reflexes and antagonism of the effects of histamine and methacholine (19–21). The use of inhaled anesthetics in patients requiring ECMO has been reported more recently, both in severe refractory SA and acute respiratory distress syndrome (ARDS) (19, 22); however, the literature is limited. In previously reported cases of utilization of inhaled volatile anesthetics for severe SA, the anesthetics were delivered via the inhalational route utilizing an anesthesia ventilator (19, 23). In the case presented here, isoflurane was administered systemically via the ECMO circuit. To our knowledge, this is the first case in the literature to describe this route of isoflurane delivery.




Case

A 51-year-old male with no baseline functional limitations and a medical history of asthma and tobacco use disorder initially presented to an outside hospital (OSH) with an acute asthma exacerbation. His outpatient asthma regimen consisted of tiotropium, montelukast, an albuterol inhaler as needed, and prednisone 10 mg daily. He was started on non-invasive positive pressure ventilation at the referring hospital, but required endotracheal intubation for worsening respiratory distress. Post intubation, there was significant difficulty with ventilation due to severe bronchospasm. Despite neuromuscular blockade and attempts at using a variety of mechanical ventilation modes, there was little improvement in his respiratory acidosis. Pharmacological treatment included systemic steroids, bronchodilators, ketamine, intramuscular epinephrine, and racemic epinephrine. The patient was transferred for escalation of care and consideration for VV ECMO.

On arrival to our institution, the patient was noted to have diffuse wheezing. He required continued deep sedation and paralysis for ventilator dyssynchrony. His initial arterial blood gas revealed a pH of 7.21, PCO2 > 95 mmHg and a PaO2 60 mmHg on an FiO2 of 40% on pressure control ventilation with an inspiratory pressure of 30 cmH2O and a PEEP of 5 cm H2O. Due to high intrinsic PEEP (18 cm H2O), he was changed to pressure regulated volume control with a tidal volume of 500 mL, respiratory rate of 12 and PEEP of 5 improving his intrinsic PEEP to 12 cm H2O.

His respiratory acidosis worsened requiring initiation of VV ECMO on hospital day 1.

VV ECMO criteria used for cannulation included refractory respiratory acidosis with a PCO2 > 60 mmHg despite optimal ventilator management. He was cannulated with a 25 french drainage cannula in the right femoral vein, and a 20 french return cannula in the right internal jugular vein. In order to avoid over correction of his PCO2, as this has been linked to poor neurological outcomes (24), the initial sweep gas flow was set at 2 L/min with ventilator settings of PRVC set to a TV 350 mL (4.7 cc/kg IBW), RR 8 breaths per minute and a PEEP of 5 cm H2O. Post cannulation ABG demonstrated a pH of 7.32, PcO2 86 mmHg and a PaO2 135 mmHg.

The patient continued to have evidence of severe bronchospasm with wheezing and poor air movement throughout all lung fields and ongoing intrinsic PEEP despite excessive expiratory time. A brief trial of Heliox was utilized but was stopped after no clinical improvement. He was continued on short-acting bronchodilators, systemic and inhaled corticosteroids, montelukast along with chest physiotherapy to avoid atelectasis. The sedation approach included a combination of propofol, ketamine, midazolam, and fentanyl along with periods of neuromuscular blockade. There was improvement in his intrinsic PEEP, but he continued to not tolerate increases in native minute ventilation via mechanical ventilation in an attempt to wean sweep gas flow. Given overall lack of significant clinical improvement, a multi-disciplinary team including anesthesia, critical care, perfusion, and pulmonary medicine met to discuss the role of inhaled anesthetics (isoflurane). The patient was initiated on isoflurane via the ECMO circuit on hospital day 5.

An isoflurane vaporizer was attached to the ECMO circuit and a line was run from the vaporizer to the ECMO oxygenator. A separate waste anesthesia gas line was run from the circuit to the waste chamber. A separate port at the bottom of the membrane oxygenator served as an open vent to draw air into the oxygenator and not allow air or waste anesthesia gas to escape into the atmosphere, risking staff exposure. Vaporized isoflurane was instilled into the ECMO circuit at an initial concentration of 0.8%, and incrementally increased to 1.2%, and did not go above this (due to safety concerns for patient and providers). This medication was continued for 20 h.

On the morning after initiation, there was clinical improvement in air movement and markedly reduced airway resistance. The intrinsic PEEP was noted to be 3–4 cm H2O, see Figure 1. Two days after isoflurane therapy, the patient's tidal volume (500 mL) and respiratory rate (20 bpm) were able to be increased without development of elevated airway pressures or intrinsic PEEP, allowing for weaning of ECMO support. He was decannulated from ECMO on hospital day 10, and extubated hospital day 17, see Table 1.


[image: Figure 1]
FIGURE 1
 This depicts the trend of the patient's intrinsic PEEP, peak airway pressures, and plateau pressures over the first 10 days of the hospitalization. Notice the significant decrease in all three pressures after day 5; the day that isoflurane was administered.



TABLE 1 Laboratory values at the time of admission, immediately prior to and after ECMO cannulation, mid-ECMO run, day of decannulation from ECMO, day of extubation, and day of discharge.
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Although during the admission he only met 2 of the primary criteria for allergic bronchopulmonary aspergillosis, the patient was started on a prolonged course of isovuconazole as he grew aspergillus in his sputum, had tree-in-bud opacities in left lower lobe on CT of the chest, and was having intermittent fevers. His IgE level was normal at 109 kU/L, but it was noted that patient had been on high-dose systemic steroids since admission. He was discharged to an acute rehabilitation facility on Isovuconazole therapy, with plans to continue this for 12 weeks, and follow up with the infectious disease specialists in the outpatient setting with interval imaging as well.



Discussion

This case illustrates the successful use of isoflurance delivered systemically through the ECMO circuit in a patient with status asthmaticus. Previous reports describe administration of isoflurane solely to the bronchiolar system via inhalation. This alternative route of delivery was chosen due to the inability to utilize inhaled anesthetics in the intensive care unit (safety concerns) and the inability to transport the patient to the operating room for delivery the anesthetic (resource limitation). Systemic delivery of volatile anesthetics could still lead to gas exposure to the room from the ventilator exhaust, it likely would be minimal and significantly less than previously describes delivery routes.

According to the Extracorporeal Life Support Organization (ELSO) Registry, a total of 272 patients were placed on ECMO for management of life-threatening asthma from March 1992 to March 2016. In this group, the weaning success rate was 86.7%, and the rate to survival to hospital discharge was 83.5% (25). A small case series (24 patients) sites mortality of roughly 16% for patients requiring VV-ECMO for SA (13). Commonly encountered complications include major bleeding (due to coagulopathy or the utilization of systemic anticoagulation to prevent thromboses), thrombosis, infection, renal failure, pulmonary and CNS hemorrhage (13).

Volatile anesthetics cause relaxation through direct action on bronchiole smooth muscle and through systemic uptake (19). They have also shown immune modulatory and anti-inflammatory actions (26). The use of volatile anesthetics in management of refractory status asthmaticus has been described since the 1980's. In most cases, these agents are delivered via inhalation, solely to the bronchiolar system. In fact, to our knowledge, we report the first case of isoflurane delivered systemically via the ECMO circuit as rescue therapy for severe refractory status asthmaticus. There is a higher risk for hypotension due to dose-dependent reduction in systemic vascular resistance and cardiac arrhythmias when used intravenously. This was not witnessed in the case of our patient.

The coordination of care in this case was complex, and the time spent by multiple providers, both in consultation with each other and individually, would likely limit the possibility of isoflurane delivery becoming a common practice. Anesthetic delivery systems that administer volatile anesthetics directly into endotracheal tubes have been developed and are being researched for the delivery of anesthetics to invasively ventilated patients (22). In a retrospective study of 74 patients, Grasselli et al. found that inhaled volatile anesthetic (isoflurane) delivered via the inhalation route using one of these anesthetic delivery systems can be a safe alternative to continuous IV sedation in patients on VV ECMO for ARDS. While systemic delivery is novel, there are limitations that should be mentioned. The amount of systemic absorption is unknown and dependent on the size of the gas used as well as the oxygenator components (the type of plastic used and how porous it is). The long-term use of these gases in the treatment of status asthmaticus is also unknown. Larger scale studies and more case reports are necessary to further evaluate the use of inhaled volatile anesthetics in patients on VV ECMO, and for management of severe refractory status asthmaticus in adults.
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Corticosteroids and immunomodulatory therapies are widely used to treat patients with severe coronavirus disease 2019 (COVID-19). Janus kinase (JAK) inhibitors such as tofacitinib have been recently studied as adjuvants in the treatment of COVID-19. Although immunomodulatory therapies may be linked to decreased mortality rates in the acute phase, subsequent severe infectious complications may result from them. We describe a case of a multiorgan system failure secondary to disseminated primary herpes simplex virus 1 (HSV-1) infection and hemophagocytic lymphohistiocytosis (HLH) following treatment with tofacitinib and high-dose dexamethasone therapy for severe COVID-19. Early diagnosis and treatment of these life-threatening conditions may have a significant impact on COVID-19 patients’ outcomes.
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human herpes simplex virus 1, COVID-19, liver failure, hemophagocytic lymphohistiocytosis, tofacitinib


Introduction

The hallmark of severe coronavirus disease 2019 (COVID-19) is an aggressive pro-inflammatory response known as “cytokine storm” (1). Studies have shown that immune system dysregulation and hyperinflammation are associated with increased mortality in severely ill patients (1, 2). Multiple studies suggest that glucocorticoids, Janus kinase (JAK) inhibitors, and interleukin 6 (IL-6) inhibitors may be associated with decreased mortality in critically ill COVID-19 patients (3, 4). However, the immunosuppressive state induced by these agents may increase the risk of secondary infections (5, 6). Herpes simplex virus (HSV) reactivation is a widely known complication in critically ill patients in the intensive care unit (ICU) (7). Nevertheless, disseminated HSV infection and subsequent potentially lethal complications such as hemophagocytic lymphohistiocytosis (HLH) are very uncommon (8, 9).

Hemophagocytic lymphohistiocytosis is a rare and life-threatening condition characterized by an uncontrolled hyper-inflammatory response with hyperactivation of histiocytes leading to hemophagocytosis. Diagnostic criteria include fever, organomegaly, cytopenia, hypertriglyceridemia, and extremely high ferritin (10). Risk factors include, but are not limited to, genetic mutations, immunodeficiency, infections, and malignancy (11). Published literature on HLH treatment and outcomes is limited considering its low incidence. We report a case of disseminated HSV-1 associated with HLH in a patient recently treated with steroids and tofacitinib for COVID 19.



Case presentation

A 58-year-old Caucasian female without significant past medical history presented to an outside emergency department with a complaint of abdominal pain. She had been recently admitted with respiratory failure secondary to COVID-19 pneumonia. During her hospital course, she was treated with 15 L/min of oxygen by high flow nasal cannula and tofacitinib (10 mg twice daily for 10 days), remdesivir (200 mg on day 1 follow by 100 mg for 5 days), and dexamethasone (6 mg/daily). After 10 days of a relatively uneventful admission, she was discharged home on 3 L of oxygen.

Five days after discharge, the patient presented to an outside hospital emergency department with severe abdominal pain that steadily worsened. Initial laboratory results (Table 1) were notable for pancytopenia, severe acute liver injury, and elevation of inflammatory makers including lactate dehydrogenase (LDH) and ferritin. Her hepatitis panel (including serology for hepatitis A, B, C, cytomegalovirus, and Epstein-Barr virus), and reverse transcriptase polymerase chain reaction (RT-PCR) for severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) were negative. Computerized tomography (CT) of abdomen and pelvis showed hepatic steatosis without others abdominopelvic findings. Alcohol abuse and acetaminophen ingestion were ruled out. Consequently, the patient was admitted with acute liver injury of unknown origin and concomitant oliguric acute kidney injury (AKI) that subsequently resulted in transfer to our institution for higher level of care.


TABLE 1    Initial laboratory results.

[image: Table 1]

Shortly after transfer to our institution, the patient developed a rapidly progressive encephalopathy with respiratory distress and septic shock requiring ICU admission, mechanical ventilation, and hemodynamic support. Vancomycin resistant enterococcus (VRE) bacteremia was diagnosed, and the patient was started on daptomycin (10 mg/kg/daily). HLH was initially suspected due to the extremely high ferritin levels. However, a moderate predictive score with normal triglycerides and down-trending ferritin levels delayed the definitive diagnosis (Figure 1) (12).


[image: image]

FIGURE 1
Down-trending ferritin levels after hospital admission.


Furthermore, a rash involving her inguinal area was noted. Both, lesion swab and serum PCR, were positive for herpes simplex virus 1 (HSV-1). Primary infection was confirmed with a positive HSV-1 I gM and negative IgG. In addition, chest CT showed bilateral multifocal pneumonia, that had progressed from her prior imaging during COVID admission (Figure 2). Bronchoscopy was performed and notable for diffusely erythematous friable bronchial mucosa. Cytopathology of the bronchial lavage fluid was notable for multinucleated cells with glassy chromatin suggestive of HSV-1 viral pneumonitis (13).
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FIGURE 2
Chest CT after ICU admission. Description: Bilateral multifocal irregular patchy and confluent ground glass and consolidative opacities with associated predominantly bilateral lower lobe irregular reticulations. Small (right) and trace (left) pleural effusion. CT, computerized tomography; ICU, intensive care unit.


Central nervous system (CNS) involvement of HSV-1 infection was strongly suspected, but lumbar puncture was deferred due to worsening coagulopathy. However, the patient was empirically treated with meningitis dosing of acyclovir (10 mg/kg twice daily).

On admission day 7, increased triglyceride levels and an updated H-score (used for diagnosis of HLH) indicated more than 99% chances of HLH this time (fever 101.1-102.9, Pancytopenia 3 lineages, ferritin >6,000 ng/mL, triglyceride 500 mg/dL, fibrinogen 110 mg/dL, AST 5,470 U/L) (14).

Bone marrow biopsy was not performed due to clinical instability, coagulopathy, and very high pretest probability for HLH. In consultation with hematology, empiric immunosuppressive therapy with intravenous dexamethasone (40 mg/day) was started.

On admission day 10, the patient’s clinical condition continued to deteriorate with worsening shock, AKI requiring continuous renal replacement therapy (CRRT), refractory metabolic acidosis, escalating ventilator requirements, and loss of brain stem reflexes. Head CT showed a trace of right frontal convexity subarachnoid hemorrhage and Abdomen/Pelvis CT displayed iliopsoas hematoma. Given the poor prognosis, the family made the decision to transition to comfort measures and on hospital day 11, patient expired (Figure 3).
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FIGURE 3
Flow chart of significant clinical events and outcomes. SARS, severe acute respiratory syndrome; COVID-19, coronavirus disease 2019; RT-PCR, reverse transcriptase polymerase chain reaction; SOB, shortness of breath; AST, aspartate transaminase; ALT, alanine transaminase; VRE, vancomycin resistant enterococcus; ICU, intensive care unit; HSV-1, herpes simplex virus 1; IV, intravenous; Hg, hemoglobin; WBC, white blood cells; HLH, hemophagocytic lymphohistiocytosis.




Discussion

We described a case of a disseminated primary HSV-1 infection complicated by HLH in a patient treated with tofacitinib and dexamethasone for COVID-19. While treatment with corticosteroids is supported by high quality evidence (4) and has become standard of care for patient with respiratory failure secondary to COVID-19, the role of other adjunctive immunomodulatory agents in patients with a hyperinflammatory profile remains controversial (12). Of concern, reduced immune response induced by immunomodulators may be associated with an increased risk of secondary bacterial, viral, and fungal infections in COVID-19 patients (6).

Our patient was treated with tofacitinib, a specific JAK inhibitor widely used for treatment of rheumatoid arthritis and a common alternative to tocilizumab and baricitinib. In a randomized clinical trial including 289 patients admitted with COVID-19 pneumonia, tofacitinib significantly reduced the cumulative incidence of death or respiratory failure at 28 days when compared with placebo (RR 0.63; 95% confidence interval [CI], 0.41 to 0.97; p = 0.04) (15). The risk of severe infections was not greater in the tofacitinib group in comparison with placebo; however, a significant increase in transaminase levels was reported in the tofacitinib group (15). Moreover, suppressed lymphocyte activation and proliferation induced by this drug may result in a higher susceptibility to HSV-1 infection (16–19). The fulminant disease course may be entirely or partly due to use of JAK inhibitor and its risk of severe secondary infection. However, the patient also had several major risk factors for severe disease and poor outcome of COVID-19.

Herpes simplex virus reactivation is a well-known complication in critically ill patients in the ICU; however, disseminated HSV-1 infection with concomitant hepatitis and pneumonitis is an uncommon clinical entity linked to high mortality rates (8). Fatal cases of disseminated HSV-1 infection have been reported elsewhere in cases of COVID-19 infection. Busani et al. recently described acute liver failure and HSV-1 infection in two male patients who received tocilizumab and corticosteroids as part of their therapy for COVID-19 (5). The authors reported refractory metabolic acidosis, irreversible shock, and impaired liver function as the main causes of death in both patients. Both patients received similar therapies including hydroxychloroquine, azithromycin, tocilizumab, and methylprednisolone. Recognition of disseminated HSV-1 was delayed in both patients, with diagnosis on days 15 and 33 of admission, respectively (5).

To confirm the diagnosis of disseminated HSV, invasive procedures such as liver biopsy and spinal puncture can be considered. However, these procedures carry an increased risk of bleeding. Therefore, it is crucial to weight risks and benefits in a coagulopathic patient.

In adults, the most common triggers for HLH are infection or alteration in immune homeostasis like autoimmune diseases and cancer (10). Primary viral infections or reactivation have been commonly identified as the main causes of HLH, being Epstein-Barr virus the most commonly reported followed by herpes simplex virus and cytomegalovirus (10, 20). Growing evidence suggests an increased incidence of HLH in patients with severe COVID-19. However, most of these cases are clinically diagnosed and lack confirmatory testing (i.e., bone marrow biopsy) due to patients’ instability (21). The cornerstone of HLH management includes the treatment of the triggering condition, aggressive immunosuppression, and corticosteroids (10, 22). In our patient, the course of events of the COVID-19 and HLH diagnoses did not overlap, making the disseminated primary HSV its most likely trigger. Extremely high ferritin level with pancytopenia raised primary concerns for secondary HLH. However, down-trending ferritin could have delayed this diagnosis. Additionally, the risks and benefits of instituting aggressive immunosuppression for the treatment of HLH were challenging to weigh in a patient with disseminated HSV-1 and enterococcal bacteremia. It is unknown whether earlier steroid treatment would have improved the outcome or worsened the infectious processes.



Conclusion

To the best of our knowledge, our case report may be the first case reporting a patient with a disseminated HSV-1 infection associated with HLH after treatment for COVID-19. Immunomodulatory therapies for moderate-to-severe COVID-19 may place patients at higher risk of severe secondary infections. Disseminated HSV-1 and acute liver failure are associated with high mortality rates. Future research on immunomodulatory therapies for COVID-19 management may elucidate the associated risks and benefits in patients with potential predisposing factors for severe systemic diseases.
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Hyperammonemia due to Ureaplasma infection is rare but often fatal, largely due to the delayed recognition, diagnosis, and treatment of the condition. It has mostly been described in solid organ transplant patients in the literature. This case presents the diagnostic challenge of an immunocompromised patient with previous resected pancreatic head adenocarcinoma and chemotherapy, presenting with altered mental status due to hyperammonemia from Ureaplasma infection. It is imperative to consider this condition in unexplained hyperammonemia, especially in immunocompromised patients. Timely diagnosis of this condition can help to reduce complications from encephalopathy such as cerebral edema and seizures.
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Introduction

Ureaplasma infection is a rare cause of non-cirrhotic hyperammonemia. The literature surrounding this topic is largely limited to case reports and series. It has been traditionally described in solid organ transplant recipients, but there has been increasing numbers of reports on this in immunocompromised, non-transplant patients (1–3). Here, we describe the diagnostic challenge of a case of hyperammonemia syndrome due to Ureaplasma infection in a post-chemotherapy patient, discuss our approach to altered mental status (AMS), and review the available literature on hyperammonemia syndrome due to Ureaplasma infections. Written consent has been obtained from the patient’s relative in accordance with Singapore’s research ethics guidelines.



Case description

The case is a 67-year-old female with hypertension, hyperlipidemia, and left breast cancer for which she underwent a mastectomy and adjuvant chemotherapy from 2016 to 2017. In July 2020, she was diagnosed with a second malignancy—locally advanced pancreatic head adenocarcinoma, received neoadjuvant chemotherapy from August 2020 to January 2021, surgical resection (total pancreatectomy, extended right hemicolectomy and portal vein resection) in May 2021, and adjuvant chemotherapy from 18 October 2021 to 31 October 2021.

In December 2021, she attended a routine clinic review and was found to be significantly malnourished—she had extremely poor oral intake, wasting of muscle bulk, a body mass index of 18.9, and severe hypoalbuminemia (albumin 15 g/L; reference range 40–50 g/L). Her vital signs were stable—temperature of 36.2 degrees Celsius, blood pressure was 103/67 mmHg, heart rate of 91 beats per minute, and SpO2 96% on room air. She was admitted for inpatient enteral nutrition support. She remained well for a week before developing acute AMS. Clinical examination revealed a gradual decline of her Glasgow Coma Scale (GCS) from 15 to 11 over several days, but was otherwise unremarkable with no focal neurological deficits.

An extensive biochemistry panel revealed hyperammonemia (with an initial ammonia level of 144 umol/L; reference range 16–53 umol/L), hypophosphatemia (0.57 mmol/L; reference range 0.94–1.50 mmol/L), and micronutrient (zinc, copper, selenium, vitamin A, vitamin D2, vitamin D3, vitamin E) deficiencies. There was suspicion of an acute coronary syndrome in view of new anterolateral ST segment elevations on her electrocardiogram and raised troponin levels, but this was ruled out with a negative coronary angiogram and attributed to stress cardiomyopathy with a depressed ejection fraction of 25%. Neuroimaging (computed tomography and magnetic resonance imaging of brain, magnetic resonance angiogram of brain) was normal. An electroencephalogram showed severe diffuse encephalopathy with generalized triphasic waves suggestive of metabolic encephalopathy. Basic microbiological investigations including aerobic and anaerobic blood cultures, she was initially managed for metabolic encephalopathy, likely contributed by constipation, hyperammonemia, electrolyte imbalance, and stress cardiomyopathy. Her mental status improved to normal with regular opening of bowels and electrolytes correction.

However, her neurological status gradually deteriorated from a GCS of 15 to 3 over the next 2 weeks, associated with multiple episodes of hypoglycemia. There was no improvement to her mental status after correction of hypoglycemia. Thus, a repeat workup including neuroimaging, electroencephalogram and lumbar puncture was performed. A comprehensive panel of microbiological investigations---including aerobic and anaerobic bacterial blood cultures, fungal blood cultures, viral serology panel,1 sputum cultures, urine cultures, cerebrospinal fluid (CSF) cultures, CSF meningoencephalitis panel,2 tests for syphilis infection and tuberculosis infection—was also sent. The investigations were significant for hyperammonemia (234 umol/L), positive urine cultures for Escherichia coli, and positive sputum cultures for Klebsiella pneumoniae and Stenotrophomonas maltophilia. She was started on intravenous (IV) Meropenem and Minocycline to cover for these organisms, and concomitantly worked up for the underlying etiology of hyperammonemia.

A liver duplex ultrasound revealed possible right portal vein thrombosis. Hence, she underwent a percutaneous transhepatic biliary drainage, portal vein angioplasty and stenting. Her ammonia levels improved transiently to 74 umol/L but rose back up again after several days post-procedure with no improvement in neurology. Her blood and endotracheal aspirates were sent for Ureaplasma and Mycoplasma cultures. She had earlier been commenced on a course of Minocycline (IV Minocycline 200 mg loading dose, followed by 100 mg every 12 h for a week) to cover for the Stenotrophomonas pulmonary infection, as well as for empirical coverage of possible Ureaplasma infection. The blood culture eventually returned positive for Ureaplasma urealyticum. By this time, she had completed a week of Minocycline, and was continued on another week of Azithromycin (Oral Azithromycin 500 mg once daily). A repeat Ureaplasma blood culture thereafter was negative. The patient had undergone chemotherapy with TS-One (Tegafur, Gemeracil, Oteracil) in October 2021. However, her medical oncologist felt that the time frame (TS-One was given more than 6 weeks before her presentation of hyperammonemia) was not compatible with TS-One as the cause of her current encephalopathy or hyperammonemia. Finally, a metabolic panel for urea cycle disorders was sent and returned negative.

Simultaneously, supportive treatment was initiated to promote ammonia clearance with lactulose, rifaximin, sodium benzoate, and hemodialysis, as well as to reduce ammonia production through dietary protein restriction.

Retrospectively, we found that her mentation improved most dramatically with a combination of: (1) lowering her ammonia levels with dialysis, (2) treatment of Ureaplasma infection with the appropriate anti-microbials, (3) treatment with high dose thiamine for presumed thiamine deficiency, and (4) nutritional replacement for micronutrient deficiencies. The final diagnosis was metabolic encephalopathy contributed by thiamine deficiency (causing a Wernicke-like state), exacerbated by hyperammonemia from Ureaplasma infection, and micronutrient deficiencies related to a post-pancreatectomy state. Subsequently, with the appropriate treatment and normalization of ammonia levels, she recovered to full neurology and was able to follow instructions. However, her protracted intensive care unit (ICU) stay was complicated by critical illness myopathy. She was discharged from ICU after 41 days but eventually succumbed to nosocomial infections and passed on day 83 of her hospital stay.

Table 1 shows the timeline of events that occurred.


TABLE 1    Timeline of events.
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Discussion

This case demonstrated the diagnostic challenge of a patient with a background resected pancreatic head adenocarcinoma and previous chemotherapy, presenting with AMS. After an extensive evaluation, she was found to have hyperammonemia syndrome secondary to Ureaplasma infection. To our knowledge, this is first reported case of hyperammonemia syndrome due to Ureaplasma infection presenting in a post-chemotherapy patient (the only other similar case being a patient undergoing chemotherapy). This case adds to the growing amount of literature and interest in this topic, especially in non-transplant patients, and emphasizes the post-chemotherapy, immunocompromised state as a plausible risk factor for disseminated Ureaplasma infections. Certainly, this will require further reports of similar cases and a more rigorous study methodology to test the conceivability and validity of this hypothesis.


Evaluation of altered mental status

Altered mental status is a broad presentation with a myriad of differential diagnoses. The first step (shown in Table 2) is to differentiate between an acute or subacute disease, and chronic cognitive decline. Here, we endeavor to create our systematic approach to this clinical presentation with a focus on the acute and subacute etiologies (refer to Figure 1).


TABLE 2    Step 1 in the approach to altered mental status (AMS)—acute or subacute disease vs. chronic cognitive decline.
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FIGURE 1
Approach to altered mental status (AMS) (acute and subacute onset).


History taking is often limited from patients with AMS, hence it is prudent to obtain collaborative history from the patient’s relatives and caregivers. A detailed drug chart including over-the-counter medications, traditional medications and other possible use of illicit substances is also essential. Physical examination begins with an assessment of the patient’s airway, breathing, and circulation, followed by a full neurological examination to check for focal neurological deficits. Additionally, an assessment of the perfusion status, looking for signs of a prior trauma, localizing signs of infection, and signs of organ failures can provide relevant and valuable information.

Point-of-care testing is simple, convenient, and very useful in the evaluation. This includes a fingerstick test for capillary blood glucose to check for hypoglycemia, and an arterial blood gas to check for respiratory failure and metabolic derangements.

The choice of laboratory and radiological investigations should be guided by the clinical picture obtained from history taking and physical examination. Table 3 shows a non-exhaustive list of investigations.


TABLE 3    Investigations for the workup of altered mental status (AMS).
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Hyperammonemia in Ureaplasma infections

Ureaplasma species is commonly found as a urogenital commensal and typically has low pathogenicity (4). However, two specific organisms Ureaplasma urealyticum and Ureaplasma parvum have been increasingly reported to cause disease, most commonly in the form of hyperammonemia syndrome. Hyperammonemia syndrome is characterized by high serum ammonia concentrations [there is no defined level but some suggest an upper limit of 200 umol/L (5)] with new onset or progressive neurological dysfunction (1, 5).

Ureaplasma contains urease, an enzyme which hydrolyzes urea to ammonia and carbon dioxide. This hydrolysis reaction provides a potential gradient to generate energy for the organism in the form of adenosine triphosphate (6). Simultaneously, the ammonia product from the hydrolysis reaction becomes a substrate for the synthesis of more urea, thereby perpetuating this cycle and the growth of the Ureaplasma organism (7). It is widely postulated that the eventual build-up of ammonia to supernormal levels causes neurological dysfunction from metabolic encephalopathy due to hyperammonemia, which can lead to fatal complications such as cerebral edema and brain herniation (1).

While hyperammonemia syndrome was described almost three decades ago by Davies et al. (8) it was not until Bharat et al.’s landmark paper (7) in 2015 that there was a postulated link between Ureaplasma infection and hyperammonemia. In a case series in lung transplant patients, Bharat described several patients who had unexplained, fatal hyperammonemia syndrome. This was eventually attributed to Ureaplasma infection, after Ureaplasma organisms were isolated in the bronchoalveolar lavage cultures and blood cultures of both the donors of the affected recipients, and the affected recipients. Since then, there have been several other case reports on hyperammonemia from Ureaplasma infections. A systematic review and meta-analysis on hyperammonemia syndrome associated with Ureaplasma spp. infections in immunocompromised patients and transplant recipients suggested that there was a higher incidence of hyperammonemia syndrome in Ureaplasma-positive lung transplant recipients (41.67%) as compared to Ureaplasma-negative recipients (2.84%) (1). The affected population is mostly solid organ transplant recipients (lung and kidney), with a few reported cases on immunocompromised patients such as those with hematological malignancies (9, 10), those undergoing hematopoietic stem cell transplant (3) and those undergoing chemotherapy (11).

The clinical presentation of hyperammonemia from Ureaplasma infection is usually neurological dysfunction—it may present as AMS, agitation, disorientation, lethargy, confusion, drowsiness, and a drop in the GCS, or seizures (3). Laboratory investigations are often unremarkable apart from hyperammonemia with normal neuroimaging. Electroencephalograms may show diffuse encephalopathy typical of metabolic encephalopathy.

Hyperammonemia from Ureaplasma infections has been described in several reports to be fatal without prompt recognition, diagnosis and treatment with a mortality rate in immunocompromised and post-transplant patients of 42–75% (12). Hence, there should be a high index of suspicion for Ureaplasma infection this subgroup of patients and investigation performed. Hyperammonemia from Ureaplasma infections is notorious for not responding well to usual ammonia-lowering strategies without the appropriate anti-microbial treatment for the Ureaplasma infection (13). As Ureaplasma species lack a cell wall, they are unable to be visualized with gram stain nor cultured in conventional medium (13), and hence require a special culture medium for growth and identification. This may take several days to a week to be out and so empirical use of antibiotics to cover for Ureaplasma have been recommended so as not to delay treatment which could result in major morbidity and mortality (11, 13). Some centers offer molecular testing for Ureaplasma species in the form of polymerase chain reaction (PCR) assays. There are two types of PCR assays—gel-based conventional PCR assays which use targeted sequences of 16s ribosomal ribonucleic acid found in Ureaplasma species, and real-time PCR assays which identify urease genes and their subunits (14). These PCR assays have a turnaround time of a few hours—significantly faster than that for the Ureaplasma culture.

There are two main tenets in the management of this syndrome. First, treat the underlying cause (Ureaplasma infection) with the appropriate anti-microbials. As Ureaplasma species lack a cell wall, they do not respond well to beta-lactams. As such, antibiotics such as macrolides, tetracyclines, and fluoroquinolones are recommended (6, 15). There is some debate about whether a single agent or combination therapy (with more than one agent from different classes) is a better option for treatment—no high-quality, conclusive evidence has been presented thus far. In our patient, a single agent (Minocycline) seemed to have been sufficient for eradication of the Ureaplasma bacteremia. The second agent (Azithromycin) was started after the second Ureaplasma blood culture was taken, with the intent of not delaying treatment should the culture return as positive for Ureaplasma a week later. The second Ureaplasma blood culture turned out to be negative. If there are infected collections, surgical drainage should be considered for source control, in addition to anti-microbial treatment (15).

Second, lowering the serum ammonia with strategies to promote ammonia clearance and to reduce ammonia production. Lactulose acidifies the gut, and causes ammonia to be ionized into ammonium, which reduces the absorption and increases the excretion of ammonia from the gastrointestinal tract (16). Rifampicin is an anti-microbial used to reduce ammonia-producing bacteria (17, 18). Dietary modifications can be made to reduce the protein load so as to reduce the substrate for ammonia production (16). In our patient, the protein content in her diet was restricted to 0.8 g/kg/day, and was gradually increased back to 1.2–1.5 g/kg/day with improving ammonia levels. Nitrogen scavengers such as sodium benzoate and sodium phenylbutyrate promote the diversion of nitrogen away from the urea cycle, to other metabolic pathways (18). Finally, hemodialysis may be indicated for hyperammonemia that is refractory to medical therapy. Ammonia is a small molecule, water soluble and not highly protein bound—these intrinsic qualities allow it to be efficiently cleared by hemodialysis. Higher efficiency dialysis (with higher blood flow rate, higher dialysate flow rate, and larger dialyzer membrane surface area) results in better ammonia clearance (19), and has been associated with increased survival in post-lung transplantation patients with hyperammonemia syndrome (20).




Conclusion

Ureaplasma species infections should be considered in patients with unexplained hyperammonemia, and particularly in immunocompromised patients (such as patients who are undergoing or have undergone systemic chemotherapy) who are more susceptible to disseminated infections. Given the high mortality of untreated hyperammonemia syndrome from Ureaplasma infections, prompt recognition, diagnosis and treatment are the cornerstones in the management of this condition. It is important to consider empirical antibiotics for Ureaplasma infections before the Ureaplasma culture or PCR results are out. The increasing awareness about this condition in the medical and scientific community is encouraging and a big step forward in reducing major morbidity and mortality from this treatable condition.
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Footnotes

1     The viral serology panel included evaluation for the following organisms: Hepatitis B, Hepatitis C, HIV, JC virus, Cytomegalovirus, Herpes Simplex virus, Varicella-Zoster virus.

2     The CSF meningoencephalitis panel included evaluation for the following organisms: Escherichia coli, Hemophilus influenzae, Listeria monocytogenes, Neisseria meningitidis, Streptococcus agalactiae, Streptococcus pneumoniae.
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Pseudomonas putida is a rare pathogen leading to nosocomial and central nervous system infections. Despite having a low virulence and being a rare organism to cause bacteremia, it can evolve into a multidrug-resistant organism and lead to mortality and morbidity in the intensive care setting. A 64-year-old male gardener was presented with extensive acute subarachnoid hemorrhage with intraventricular extension causing hydrocephalus requiring embolization and coiling following a cerebral angiogram, which showed bilateral posterior circulation aneurysm and left anterior circulation aneurysm. External ventricular drain (EVD) was inserted given the worsening hydrocephalus. During his stay in the intensive care unit (ICU), he was becoming more septic and a full septic workup including a cerebral spinal fluid culture taken from the indwelling catheter of the EVD and was found to be positive for a ceftazidime-sensitive strain of P. putida. Following the treatment with intravenous ceftazidime for 1 week and a revision of the EVD on day 32 of admission, he continued to recover well and showed an improvement in his Glasgow Coma Scale (GCS) and septic parameters. Eventually, he was able to wean off mechanical ventilation. He was discharged from ICU care to the neurosurgical ward with supplemental oxygen on day 42 of admission. It is necessary to be aware of the possibility of nosocomial P. putida infection, especially in patients with indwelling catheters, and to consider the early initiation of appropriate antibiotic regimens once detected as well as strict precautions in hygiene during the management of these patients to avoid further development of multi-drug resistant (MDR) strains.
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Introduction

Pseudomonas putida is a member of the fluorescent group of pseudomonas (1). P. putida is a Gram-negative rod-shaped bacterium that is seen in soil, water, and moist environments. It may colonize the skin and may lead to opportunistic infections in immunocompromised patients. P. putida is a rare pathogen leading to nosocomial infections (2). Despite its low virulence, it can evolve into multi-drug resistant (MDR) organisms and lead to mortality and morbidity in the intensive care setting (2). In our local setting, we have encountered only three cases of P. putida infection in the past 5 years, two of which were bacteremia in immunocompromised patients, therefore, the prevalence of P. putida in our intensive care was found to be less than 0.1% of all Gram-negative infections. We report a case of ventriculitis with P. putida occurring in an immunocompetent host following a neurosurgical procedure.



Case presentation

A 64-year-old male gardener presented to the emergency department with hypertensive emergency and reduced consciousness. Computed Tomography (CT) brain upon admission revealed extensive acute subarachnoid hemorrhage with intraventricular extension causing hydrocephalus (Figures 1, 2). He was admitted into our intensive care unit (ICU) following an external ventricular drain (EVD) insertion procedure to treat the hydrocephalus (Figure 3). The following day, he underwent cerebral aneurysm embolization and coiling following a cerebral angiogram, which showed a bilateral posterior circulation aneurysm and left anterior circulation aneurysm. Upon ICU admission, cerebral resuscitation was initiated and multiple attempts of weaning and extubation throughout a period of 2 weeks were done. Despite that, he had poor Glasgow Coma Scale (GCS) recovery, following which a tracheostomy was performed on day 21 of admission.
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FIGURE 1
Computed tomography brain showing extensive acute subarachnoid hemorrhage.



[image: image]

FIGURE 2
Computed tomography brain showing intraventricular extension leading to hydrocephalus.
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FIGURE 3
Computed tomography brain with EVD traversing through the right lateral ventricle with reduction of hydrocephalus.


Subsequently, he became more septic with worsening hemodynamics requiring intravenous noradrenaline infusion to achieve a mean arterial pressure (MAP) of 80 mmHg and the increasing ventilatory requirement to maintain adequate oxygenation. He was treated for ventilator-associated pneumonia (VAP) evidenced by Acinetobacter sp. isolated from the tracheal aspirates. Despite the resolution of pneumonia following a 1-week course of high dose intravenous Unasyn® (ampicillin sodium/sulbactam sodium) evidenced by negative cultures from the tracheal aspirates and blood cultures, he continued to be clinically septic with multiple spikes of the temperature of above 39.5°C. However, it was found the serum lactate was persistently within the range of 2.0–4.3 mmol/L, suggestive of ongoing sepsis; furthermore, other septic parameters such as procalcitonin and C-reactive protein (CRP) did not improve despite antibiotics (Table 1). The consciousness level also worsened during this episode of sepsis with a fluctuating GCS between 7 and 10. A full septic workup including a cerebral spinal fluid (CSF) culture was taken from the indwelling catheter of the EVD and was found to be positive for a P. putida, sensitive to ceftazidime with a minimum inhibitory concentration (MIC) of 1.5.


TABLE 1    Range of infective markers during ICU stay.
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Following treatment with intravenous ceftazidime for 1 week and a revision of the EVD on day 32 of admission, his clinical condition improved with a GCS of 14 and was able to be weaned off from mechanical ventilation. A repeated CT brain excluded further complications or any new infections originating from the central nervous system (CNS). Infective markers including white cell count, CRP, and procalcitonin level showed significant reduction (Table 1). He was shifted from ICU care to the neurosurgical ward with supplemental oxygen on day 42 of admission for further rehabilitation.



Discussion

Ventriculitis often complicates external shunts and catheters involving the CNS which includes the commonly used EVD system in many neurosurgical cases with infection being one of the most common complications of this procedure where infection rates vary between 3.9 and 19% (3). The common pathogens that cause ventriculitis identified are coagulase-negative staphylococcus (62%) followed by Enterococcus sp. (19%) (4). Scheithauer et al. (5) reported that coagulase-negative staphylococci were the main pathogen (56%) responsible for meningitis, followed by Staphylococcus aureus (25%). A recent larger study done in 2021 states that the main pathogens were streptococci (44.9%), Gram-negative bacilli (27.6%), and staphylococci (15.3%) (6). Gram-negative ventriculitis is associated with a worse outcome in comparison with Gram-positive ventriculitis with mortality rates from 8 to 70% in more severe cases (7).

In our intensive care setting, P. putida is found in the environment together with other Gram-negative bacteria which include Acinetobacter sp. and Stenotrophomonas sp. It can lead to nosocomial infections, especially in patients who are immunocompromised as well as those with invasive catheter placement and medical devices such as EVD (2, 8). Despite clinical data regarding P. putida infection being scarce given the low virulence of this organism, it is important to highlight its potential to cause nosocomial infection in our ICU settings and can develop MDR strains to most beta-lactam antibiotics. P. putida infection may also occur in immunocompetent patients, thus a high index of suspicion is very important for the diagnosis. Furthermore, CSF biochemistry can be indistinguishable from other forms of meningitis or ventriculitis. Therefore, CSF Gram staining and culturing are crucial in all patients with a suspected diagnosis of CNS infections.

Compared to Pseudomonas aeruginosa isolates, P. putida isolates were generally considered to have a low level of virulence and to be of little clinical significance. A series of cases of P. putida bacteremia was described by Yoshino et al. (8) in 2011 over 4 years with a total of 28 reports. It is typically associated with an indwelling device (61.9%) or immunocompromised state (85.7%). However, the prognosis of P. putida bacteremia is excellent following a targeted course of antibiotics with 92.9% cured with appropriate antimicrobial therapy and good source control which is the removal or exchange of the indwelling catheter (2, 8).

Pseudomonas putida is recognized as a rare pathogen of meningitis in adult patients and is usually associated with indwelling CNS catheters. The presence of a solid tumor was the most common underlying disease related to the P. putida infection (n = 8, 44%), followed by traumatic intracranial hemorrhage (n = 2, 11%). A total of 44% of patients underwent surgery prior to diagnosis and 11% had an immunocompromised state with 89% of patients having exposure to antibiotics 1 month prior to infection. Most cases were related to indwelling catheters (2). Following this, the strategy that one could apply to prevent P. putida infection would be a strict aseptic technique when handling indwelling catheters. Cohort nursing is also important especially in the ICU setting to prevent cross infection between patients. Unnecessary peripheral lines or catheters should be removed promptly as it is a source of infection. If a P. putida infection has been isolated, a discussion with a clinical microbiologist for early commencement of appropriate antibiotics would be beneficial to prevent further complications.



Conclusion

Thus, it is necessary to be aware of the possibility of nosocomial P. putida infection, especially in patients with indwelling catheters, and to consider the early initiation of appropriate antibiotic regimens once detected as well as strict precautions in hygiene during the management of these patients to avoid further development of MDR strains.
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Background: We present a case of a patient with a femoral neck fracture that shows neurological impairment and respiratory distress 1 day after trauma, caused by the Fat Embolism Syndrome with the presence of Cerebral Fat Embolisms.

Case summary: A 75 year old female remained unresponsive after a hemi arthroplasty was performed because of a 1 day old femoral neck fracture. She rapidly developed respiratory insufficiency and an obstructive shock with right ventricle dilatation on transthoracic echocardiography. The diffusion-weighted MRI brain images showed the “Starfield” pattern, a radiologic phenomenon typical for FES. During 3 weeks of ICU admission the neurologic state slowly ameliorated.

Conclusion: The rare FES is a clinical diagnosis with mainly respiratory, neurologic and dermatologic symptoms in the setting of a trauma patient. Fat embolisms are able to reach the brain without the presence of a patent foramen ovale to cause neurological symptoms. Diagnosing FES remains challenging but the distinctive “Starfield” pattern on MRI scans is promising.

KEYWORDS
  fat embolisms, fat embolism syndrome, cerebral fat embolisms, “Starfield” pattern, patent foramen ovale (PFO)


Introduction

Fat embolisms (FE) are defined as the presence of fat particles in the blood circulation and Fat Embolism Syndrome (FES) is a rare condition that occurs when FE result in symptoms and/or organ failure. FE seem to be common after trauma, with prospective studies and autopsy reports showing high incidences of FE (41–94%). Only a few of these patients however develop FES (recent reported incidence ranges from 1–11%) and even less patients are diagnosed with CFE (1–6). The pathophysiology of FES remains speculative and diagnosing FES challenging. Our case report illustrates the unpredictable clinical course of FES and the challenges when diagnosing FES.



Case report

A 75 year old female presented to the emergency room with a dislocated femoral neck fracture after a fall off her electrical bike on the left hip. She had a history of chronic obstructive pulmonary disease gold (COPD)III, hypertension with stage III renal failure and an abdominal aortic aneurysm, for which an endovascular aortic repair was performed (‘16) and later on an aortic bifurcation graft was inserted (‘18). Since it was an isolated fall on her hip and the neurological exam was normal, a computed tomography (CT) scan of the brain was not performed. She was admitted to the surgical ward with systemic opioids and a femoral nerve catheter with bupivacaine 0.25% as analgesia and surgical fixation by a hemi arthroplasty was performed the next day. Anesthesia consisted of a spinal block with bupivacaine 0.5% and midazolam (2mg) was administered as part of sedation. After surgery she remained unresponsive with a Glasgow Coma Scale (GSC) of 4 (E2M1V1) and on examination the patient appeared to be sweating and showed an impaired breathing pattern. Her vital signs showed a mild tachycardia (110/min) with normal blood pressure. Arterial blood gas analysis showed a mild hypercapnia (pCO2 7.2 kPa). Other important lab values contained a hemoglobin level of 7.1 mmol/l, a leukocyte count of 26.4 × 109/l, a C-reactive protein level of 103 mg/l and a blood glucose level of 6.5 mmol/l. Naloxone was administered as an antidote for the opioids and Flumazenil as an antidote for midazolam, both without clinical effect. Fysostigmine was administered to treat a possible central anticholinergic syndrome, also without any clinical effect.

The patient was admitted to the Intensive Care Unit (ICU) with non-invasive ventilation for further diagnostics and treatment. The neurologist was consulted to exclude neurologic pathology for the impaired consciousness. Neurologic examination showed an impaired consciousness with a GCS of 4 (E2M1V1), no signs of lateralisation, pupils normal in size, shape and responsive to light, normotone muscle state and symmetrical hyporeflexia with indifferent Babinski reflexes. Within 1 hour her consciousness improved to a GCS of 7 (E2M4V1). A CT brain was not performed because of an improvement in consciousness and vital signs that were not typical for a neurologic origin of an impaired consciousness.

A few hours later, her clinical status deteriorated with an acute drop in blood pressure and hypoxia which made us decide to intubate and start mechanical ventilation. Subsequently a central venous line for vasopressors was placed. A chest X-ray was performed which showed no abnormalities. Bedside transthoracic echocardiography (TTE) of the heart showed a remarkable dilatation of the right ventricle with multiple hyperechoic particles (Figure 1). This made us think of Fat Embolism Syndrome (FES) as a cause for her neurologic, respiratory and hemodynamic symptoms. Her electrocardiogram (ECG) showed a sinus tachycardia without signs of acute ischemia.


[image: Figure 1]
FIGURE 1
 Images of bedside transthoracic echocardiography (subcostal 5-chamber view, short axis) of our patient showing a remarkable dilated right ventricle with multiple hyperechoic floating dots. RA, right atrium; RVOT, right ventricle outflow tract; LA, left atrium; LV, left ventricle; AO, aorta; GE, ultrasound marker.


A CT of the brain without contrast was performed and showed no abnormalities. A CT with contrast (arterial phase) of the thorax was performed which excluded pulmonary embolisms, but did confirm a widened right ventricle. On the third day of admission both a transthoracic and transesophageal ultrasound of the heart were performed which showed a dilatation of the right ventricle, no signs of ischemia and moreover no patent foramen ovale (PFO) or other intracardiac shunt. Having excluded other more common causes for the symptoms, we suspected FES as cause for the obstructive shock. Furthermore, we suspected cerebral fat embolisms (CFE) as a possible cause for the impaired consciousness. As recommended, we continued with “best supportive care”, which mainly included mechanical ventilation for respiratory insufficiency and inotropic and vasopressor medication for an obstructive shock.

On day 4 of admission a CT scan of the brain with venous contrast was performed to exclude a basilar artery occlusion and did not show any abnormalities. On day 6 a magnetic resonance imaging (MRI) scan of the brain was performed which showed diffuse small foci of reduced diffusion and edema on the diffusion-weighted scan (Figure 2) as well as petechial hemorrhage on the T2-weighted scan. These lesions are described in literature as the “Starfield” pattern, a radiographic phenomenon suggestive for CFE. Patient remained hemodynamically stable after recovery and with the use of a tracheostoma she was weaned of mechanical ventilation. In light of her COPD gold III, we chose rapid weaning of mechanical ventilation using early tracheostomy to minimize muscle loss. During 3 weeks of ICU admission the neurologic state slowly ameliorated to a maximal EMV score with a partial recovery of verbal communication and an improving critical illness polyneuropathy.


[image: Figure 2]
FIGURE 2
 Diffusion weighted MRI scan of the brain of our patient showing multiple small foci of reduced diffusion and edema. Arrow shows small foci of reduced diffusion and edema.




Discussion

FES has mainly been reported to develop after traumatic fractures and sometimes after other traumatic events like burns and soft tissue injury (7). In rare cases, FES has been described after non-traumatic events like pancreatitis, sickle cell disease, corticosteroid therapy and lipid infusions (8). Risk factors for the development of FES include long-bone (mainly femur- and tibial shaft) and pelvic fractures, the presence of bilateral/multiple fractures and late fixation of the fractures (9). FES has been diagnosed in the adult and pediatric population and is mostly seen in males under the age of 30 years, probably because of the high incidence of trauma in this age group.

Symptoms of FES typically appear 24 to 48 h after sustaining the fracture and predominantly include a triad of respiratory, neurological and dermatological symptoms. Respiratory symptoms like tachypnea and dyspnea are the most common and respiratory signs can include hypoxemia, pulmonary edema and acute respiratory distress syndrome (ARDS). Although the severity of respiratory distress varies, fulminant respiratory failure which requires mechanical ventilation has been reported in 44% of FES cases (10). Massive FE can even lead to obstructive shock and can progress to acute right heart failure (11). Neurological features are reported in >50% of cases and can include confusion, an altered consciousness, seizures and/or focal neurological deficits (1). Again, the extent of these neurological impairment varies from mild confusion to refractory status epilepticus and brain death. Next to respiratory and neurologic symptoms and -signs, a petechial rash is the third most reported sign of FES that is mainly seen at the axillae, trunk and sclera. In our case, symptoms developed approximately 26–28 h after trauma and consisted of neurological impairment and respiratory failure. We did not observe a petechial rash.

The pathophysiology behind FES remains unknown but several theories have been proposed to clarify its pathogenesis. The mechanical theory suggests that bone marrow derived fat droplets enter the venous circulation as a result of increased medullary pressure caused by the fracture. These will at some point lead to occlusion, presumably in the pulmonary arterial circulation (7, 12). Activation of the clotting cascade by thromboplastin may play a role in this process, since FE in lung tissue appear to be surrounded by platelet aggregations. This “coagulation theory” will lead to expansion of the fat droplets in size, making it more likely to occlude a vessel (13). These mechanisms however do not account for the delay between the traumatic events and the symptoms.

The biochemical theory states that tissue lipases, products of a systemic inflammatory response induced by a stress state after trauma, break down fat particles into free fatty acids. These free fatty acids are toxic for and injure the endothelium, making it more susceptible for obstruction. This two-hit theory can explain the delay between the traumatic event and symptoms of FES and can also account for the non-traumatic cases of FES (14, 15).

FE can enter the arterial circulation by an intra-cardiac shunt like a PFO or through the lung capillary bed as micro-emboli to disseminate in the systemic (micro)circulation (16, 17). The latter being the suspected route to the brain in our patient since she did not seem to have a PFO.

Diagnosing FES is challenging since at this moment, there is no diagnostic tool that can diagnose FES. Diagnosis is often established at autopsy when FE are shown in organ systems which correlates with premortal clinical symptoms fitting for FES. Since FES is a rare disorder, more common causes of the respiratory or neurological symptoms must be excluded. Laboratory results and radiologic tests are all non-specific for FES. The most common lab findings include anemia (or a drop in hemoglobin) and thrombocytopenia.

A X ray or CT scan of the chest can show no abnormalities like in our case report or show non-specifics abnormalities like bilateral diffuse infiltrates and pulmonary oedema (18). Transoesophageal and transthoracic ultrasound of the heart have been used to detect fat emboli (16, 19). Our ultrasound images (Figure 1) are very similar to the images shown in case reports (20, 21).

A CT scan of the brain will mainly be used to exclude more common causes of neurological symptoms like cerebral strokes and like our case, usually shows no abnormalities in FES patients. Remarkable is a typical pattern seen on the diffusion weighted MRI images of brains of patients with CFE. This so-called “Starfield” pattern consists of bilateral widely spread hyper intense foci of restricted diffusion and edema in both white and gray matter and at this point seems to be the most distinctive feature to FES (22–24). This “Starfield” pattern is easily recognized on diffusion weighted MRI images of our patient. Petechial hemorrhages can be seen in subacute stages op T2 MRI images, which was also seen on MRI images our patient (25). Repeating the MRI scan has shown complete resolution of these lesions in patients that clinically recovered from FES, suggesting MRI images correlate with the extent of neurological impairment (26, 27). Unfortunately, we do not have a repeated MRI scan of the brain.

The lack of a diagnostic tool makes FES a clinical diagnosis. Although no diagnostic scoring system has been validated, the most commonly used diagnostic criteria include the Gurd and Wilson criteria, consisting of major and minor criteria. Major criteria contain the triad of respiratory distress, cerebral symptoms (without the presence of head injury) and a petechial rash. Minor criteria include tachycardia, a fever, renal or retinal involvement, jaundice and lab results (thrombocytopenia, a descending hemoglobin level, an elevated erythrocyte sedimentation rate and fat macroglobulinemia). Diagnosis requires either two major criteria or one major and four minor criteria (28). The patient in our case met two major criteria (respiratory and cerebral involvement) and at least three minor criteria (tachycardia, thrombocytopenia, a drop in hemoglobin level) and according to Gurd and Wilson's criteria would suggest the presence of FES.

Treatment options are limited and at this moment. Heparin has been proposed as a therapeutic agent because it stimulates lipase enzyme activity which lowers intravascular lipid concentrations. Since the FES mainly occurs in trauma patients, the concomitant risk of bleeding makes the use of heparin controversial. With the biochemical theory in mind, corticosteroids were thought to be beneficial in treating and even preventing FES. Conflicting results of studies combined with a high rate of infectious complications are the main reason corticosteroids are not recommended as standard treatment for FES (29).

Due to the lack of therapeutic options, best supportive care to optimize oxygenation, ventilation and circulation is the only recommended treatment. Literature states a mortality rate with best supportive care lower than 10% and a full recovery of symptoms in most patients within days to 1 week (30). In a smaller subset of patients, FES sets a fulminant course and leads to death, with the main causes being respiratory failure, shock, and/or braindead.

Preventative measures have not been thoroughly researched yet and mainly focus on timing of surgery and surgical techniques. Early fixation of fractures has been suggested to reduce the incidence of FES by retrospective and prospective studies (31–33). For instance, using techniques to lower the intramedullary pressure during surgery (for instance using reamer systems with vacuum or venting options or applying intraoperative medullary cavity suction and/or irrigation) reduces the presence of FE (visualized by intraoperative TEE) (34, 35).



Conclusion

Whereas the presence of FE is common, FES is a rare disorder. Knowledge of the typical triad of respiratory, neurologic and dermatologic symptoms in the setting of a trauma patient is important to recognize FES. Diagnosing FES remains a challenge since there is no validated laboratory test or imaging modality that can diagnose FES. It remains a diagnosis of exclusion but distinctive patterns on MRI scans are promising and have potential to become the gold standard in diagnosing FES. Echocardiography should be used as a tool since it is easy to perform, non-invasive and might help raise suspicion for FES, like in our case. It is important to realize that even without the presence of a PFO, FE are able to reach the brain and cause neurological symptoms. Due to a lack of treatment options, best supportive care is the current therapeutic management with relatively good prognostic outcomes. However, in a minority of patients a fulminant FES is observed with potentially fatal outcomes. Patience is key in treating FES, as our case illustrates. This case report illustrates the turbulent clinical course and the remarkable recovery potential of FES and emphasizes the importance of a high suspicion of FES in trauma patients.
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Hypoxemia was a very common symptom in critical patients and should be treated immediately before resulting in permanent organ failure. Rapid diagnosis of the etiology of hypoxemia could be achieved by combining the use of various bedside and radiation-free techniques such as lung ultrasound, electrical impedance tomography and echocardiography. By presenting a case of serious acute refractory hypoxemia, we proposed an efficient protocol for diagnosing and treating hypoxemia in a safe and fast way.
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Introduction

Hypoxemia is defined as a low oxygen level in the blood. It is most commonly seen in critically ill patients and is a very common reason for admitting to intensive care unit (ICU). Hypoxemia could cause tissue hypoxia and lead to organ failure and life-threatening conditions (1). There are various causes of hypoxemia including hypoventilation, lung ventilation/perfusion mismatch, right-to-left shunt, diffusion impairment, and low inspired partial pressure of oxygen (2). Identifying the right cause and correcting hypoxemia in time is crucially important for critical patients. The authors present a case of middle-aged patient who developed unusual acute and severe hypoxemia after receiving a congenital atrial defect repair surgery. A series of assessments were performed for this patient to identify and treat the severe hypoxemia.



Case report

A 41-year-old man diagnosed with congenital atrial septal defect was admitted to our surgical ICU after an atrial defect repair surgery through right lateral thoracotomy approach. He had received jejunal stromal tumor surgery 1 year ago, when the congenital atrial defect was found by routine echocardiography. The patient had no other notable past medical history. He was asymptomatic before the cardiac surgery. At admission to the cardiac surgery ward before surgery, he showed a pulse oxyhemoglobin saturation (SpO2) of 96.6%, arterial partial pressure of oxygen (PaO2) of 79 mmHg by arterial blood gas (ABG) analysis. Preoperative transthoracic echocardiography (TTE) showed an atrial septal defect size of 36 mm near the inferior vena cava with left to right shunt flow and estimated systolic pulmonary artery pressure of 38 mmHg.

The operation lasted about 8 h. ABG drawn before intubation and mechanical ventilation showed: pH 7.37, arterial partial pressure of carbon dioxide (PaCO2) 35.6 mmHg, PaO2 115 mmHg, base excess (BE) −3.6 mmol/L, lactate 0.9 mmol/L. The ventilation strategy used during the surgery was as follows: volume control, tidal volume (VT) of 450 ml, respiratory frequency (f) of 13 breaths/min, fraction of inspired oxygen (FiO2) of 100%, positive end-expiratory pressure (PEEP) of 5 cmH2O. ABG drawn at the end of the operation showed: pH 7.32, PaCO2 50.1 mmHg, PaO2 91.7 mmHg, BE −0.8 mmol/L, lactate 1.3 mmol/L. Routine intraoperative TEE conducted by the anesthetist at the end of the surgery did not reveal significant abnormal structure cardiac defect. The cardiac surgeon who performed the surgery claimed the operation successful. The patient was transferred from the operation room to ICU at midnight under sedation and intubation for post-cardiac surgery care. He presented with a hear rate (HR) of 100 b.p.m, blood pressure (BP) of 150/93 mmHg, SpO2 of 93% (mechanical ventilation, volume control, FiO2 of 50%, VT of 450 ml, PEEP of 8 cmH2O, f of 15 breaths/min). ABG showed a PaO2 of 58 mmHg, arterial partial pressure of carbon dioxide (PaCO2) of 47 mmHg. After adjusting the ventilator settings (volume control, FiO2 100%, VT 500 ml, PEEP 8 cmH2O, f 18 breaths/min), ABG was drawn again and showed a PaO2 of 81 mmHg, PaCO2 of 31 mmHg. The patient was severely hypoxic with a P/F ratio < 100 mmHg. In order to figure out and correct the cause of hypoxemia, we performed a series of examinations in terms of airway, lung ventilation, lung perfusion, and ventilation/perfusion (V/Q) mismatch.



Airway check

Firstly, there was no obstruction in the airway, as we made sure that there was neither mucus plugging nor airway stenosis. There was no air leak in the artificial airway and the breathing circuit. Hypoventilation was ruled out since the PaCO2 returned to normal after adjusting the ventilator, with minute ventilation volume about 9 L/min. Thus, airway related etiologies of hypoxemia were ruled out in the first place.



Lung ultrasound and electrical impedance tomography ventilation

Was lung collapse or inhomogeneous ventilation the cause of hypoxemia in this patient? We performed a quick bedside lung ultrasound using a twelve-zone scanning protocol (3) to figure out whether lung consolidation or pleural effusion existed. The result showed tissue-like signs, which indicated lung consolidation, in the regions of R6, L5, and L6 (Figure 1), while lung sliding and A-lines were observed in the other regions. Pulmonary edema was also not supported by lung ultrasound findings. The chest X ray was not remarkable except for decreased transparency in the right lower lung field. To improve hypoxemia that could be caused by the consolidation in the dorsal regions of bilateral lungs, lung recruitment maneuver with PEEP of 20 cmH2O and peak airy way pressure of 40 cmH2O for 2 min was performed, but little effect was achieved. To check for regional ventilation distribution, we then conducted bedside electrical impedance tomography (EIT) (4). EIT measurements were performed with PulmoVista 500 (Dräger Medical, Lübeck, Germany). A silicone EIT belt with 16 surface electrodes was placed around the patient's thorax at the fourth intercostal space level. EIT measurements were continuously recorded at 20 Hz when the patients were at relative stable condition after medical treatment (5). The EIT ventilation image of our patient showed decreased ventilation distribution in the right lung (Figure 2A), which was probably related with the right lateral thoracotomy surgical approach. Decreased right lung ventilation might contributed partly to hypoxemia in this patient. But the main cause still remained to be detected.


[image: Figure 1]
FIGURE 1
 (A) A schematic diagram of the twelve-zone scanning lung ultrasound protocol. (B) Lung ultrasound was performed to assess the cause of hypoxemia. Tissue-like signs were found in the region of R6, L5, and L6.
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FIGURE 2
 EIT images of the functional ventilation distribution (A) (dark blue areas indicated low ventilated regions and white areas indicated high ventilated regions), functional perfusion distribution (B) (red areas indicated high-perfusion regions and blue areas indicated low-perfusion regions), and distribution of the regional ventilation/perfusion ratios (C) (Ventilated regions were defined as pixels with impedance changes higher than 20% of the maximum tidal impedance variation in the functional ventilation image. Perfused regions were defined as pixels higher than 20% of the maximum bolus-related impedance change in the functional perfusion image. Gray areas indicated regions with high ventilation and low perfusion. Red areas indicated low ventilation and high perfusion regions. Yellow areas indicated good ventilation-perfusion matching).




EIT Perfusion

Was V/Q mismatch the main cause of hypoxemia in this patient? We reviewed the past medical history and found that lung V/Q mismatch related comorbidities including interstitial lung disease and chronic obstructive pulmonary disease were not present in our patient. And preoperative TTE showed that pulmonary hypertension was not significantly increased. However, newly developed disease conditions such as lung atelectasis and vascular embolism could also lead to V/Q mismatch. Thus, we decided to assess lung V/Q match by EIT. After obtaining informed consent, 10 ml of hypertonic saline (10%) bolus infusion was performed at bedside to assess the regional pulmonary ventilation and perfusion mismatch (5–7). EIT data were recorded throughout the PEEP titration in the supine position. During this period, the patient was fully sedated using continuous infusion of midazolam, propofol and fentanyl to prevent any spontaneous breathing (5). The data of V/Q match were analyzed offline using customized software programmed with MATLAB R2015 (the MathWorks Inc., Natick, MA) (5). Perfusion of the right lung was markedly low. The dead space of the whole lung was 24.4%, and the shunt was 10.29% (Figures 2B,C).



CTPA

Our previous study found a cutoff value of 30.37% dead space was related to pulmonary embolism (PE). However, the relatively high dead space ventilation together with a history of jejunal stromal tumor might be indicative of potential pulmonary embolism in this case. But bedside ultrasound examination did not find venous thrombosis in bilateral lower extremities. With the aim to exclude pulmonary embolism, we transferred the patient for a computed tomography pulmonary angiography (CTPA) in the following morning. CTPA revealed small embolism in the superior lobar branch of the right pulmonary artery (Figure 3). The main pulmonary trunk was markedly widened, but not significantly changed compared with the preoperative CT scan. There was mild atelectasis in the inferior lobes of bilateral lungs and a small amount of operation related pneumothorax as showed in the CTPA. The poor perfusion of the right lung by EIT was consistent with the result of CTPA. However, neither the mild atelectasis nor the small embolism in the superior lobar branch of right pulmonary artery were able to explain the severity of refractory hypoxemia in this patient in our experience.


[image: Figure 3]
FIGURE 3
 CTPA demonstrated mild atelectasis in the inferior lobes of bilateral lungs and a small amount of operation related pneumothorax. The small embolism in the superior lobar branch of right pulmonary artery was not shown in the picture.




Transesophageal echocardiography

The cardiac structure and function were urgently to be examined, since the main cause of hypoxemia still remained unclear in our patient. Pulmonary arteriovenous malformation or potential right to left intracardiac shunt resulted by abnormal cardiac structure might be the last cause of severe hypoxemia in this case. Hypoxemia caused by intracardiac shunt usually responded poorly to increase of inspired oxygen concentration, as in the case with our patient. TTE image was not clear because of the influence of surgical operation. We thus conducted bedside transesophageal echocardiography (TEE). Finally, we found a residual atrial septal defect with a size of 5 mm by TEE. Bidirectional multicolored shunt flow signal was detected through this atrial defect (Figure 4). In addition, TEE revealed a second shunt flow signal through a defect possibly between the inferior vena cava (IVC) and the left atrium. After all, the intracardiac shunt found by TEE seemed to be able to explain the refractory hypoxemia in this patient.


[image: Figure 4]
FIGURE 4
 TEE showed a residual atrial septal defect with a size of 5 mm and bidirectional multicolored shunt flow signal. And an IVC-left atrium shunt was also found soon after the repair. TEE, transesophageal echocardiography; LA, left atrium; RA, right atrium; RV, right ventricle; IVC, inferior vena cava.




Treatment and outcome

After the above examinations, we concluded that the residual right-left atrial shunt and the IVC-left atrial shunt most likely had the biggest impact on this patient's severe hypoxemia. The cardiac surgeon scheduled a repair of the surgery. During the patient's waiting period for a second surgery, we conducted intermittent prone positioning to improve ventilation distribution of the dependent-dorsal lung regions. EIT has been used in perioperative patients for individual optimization of ventilator settings (8). For post-operative patients who underwent a long operation, the risk of developing acute respiratory disease syndrome was high. The patient presented mild atelectasis in the inferior lobes of bilateral lungs showed by lung ultrasound and CTPA. Thus, we titrated PEEP by EIT with the crossing method, which is routinely conducted by us in our department (6). During the process of PEEP titration using EIT, we closely monitored the patient's hemodynamics to avoid severe adverse hemodynamic effect. The patient was hemodynamically stable without any vasoactive agents during the process. Thus, we set an optimal PEEP of 9 cmH2O based on the result of EIT PEEP titration for better gas distribution in the lungs. Esophageal pressure and other respiratory mechanics were monitored to avoid patient self-inflicted lung injury (P-SILI). However, hypoxemia progressively deteriorated to PaO2 of 47 mmHg at ventilator FiO2 of 100% (P/F ratio = 47 mmHg) on the third day after the first surgery, when a second surgery was scheduled. The surgeons confirmed the residual IVC-left atrium and the atrial septal defect during the second open-heart surgery through the midline sternotomy approach. They removed the originally mis-sutured patch and re-patched the defect. Hypoxemia was greatly improved on the first night after the second surgery, with a PaO2 of 134 mmHg at ventilator FiO2 of 60% (P/F ratio = 223 mmHg). With pulmonary physical therapy and negative fluid balance, the P/F ratio further improved (P/F ratio = 322 mmHg) at the third day after the second surgery. The patient was off the ventilator and extubated successfully 3 days later. He was transferred back to the general ward the day after extubation and subsequently discharged from the hospital.



Discussion

Post-operative hypoxemia is very common in ICU patients who had underwent thoracic or cardiac surgery. Various etiologies including interstitial lung disease, COPD, pulmonary hypertension, pulmonary embolism, pulmonary edema, pneumonia, atelectasis, mucus plugging, pulmonary arteriovenous malformation, and right to left intracardiac shunt could be the cause. These etiologies cause hypoxemia through mainly three mechanisms: impaired diffusion, V/Q mismatch and shunt. In our case, the patient developed severe hypoxemia soon after cardiac surgery. Through rapid bedside evaluation, we ruled out airway obstruction, hypoventilation, pulmonary edema, and extreme lung V/Q mismatch. The small PE revealed by CTPA could also not explain the severe hypoxemia in our case. Finally, intracardiac shunt found by TEE was confirmed to be the main cause of hypoxemia in this patient. A second repair surgery successfully corrected the cause and cured the patient.

Treating the patient with acute life-threatening hypoxemia during mechanical ventilation should begin with a quick and safe approach, with the goal of improving oxygenation and minimizing the harmful effects. There are various assessments to investigate the causes of hypoxemia in clinical practice. For non-ICU patients, CT or CTPA when necessary is most often conducted. For ICU patients who are in critical conditions, transferring to a CT machine for a scan is risky and may even be life-threatening. The development of new techniques including lung ultrasound and EIT enabled quick and convenient diagnosis of hypoxemia at bedside without the risk of transferring a critical patient. EIT is a non-invasive technique that provides dynamic tidal images of gas distribution (9). EIT has been widely used for lung recruitment, positive end-expiratory pressure (PEEP) adjustment, lung volume estimation, and homogeneity of gas distribution during mechanical ventilation (9). The combination of these new techniques (EIT, lung ultrasound) and the traditional imaging methods (chest X-ray, CTPA) could provide quicker, better and more accurate diagnostic power for identifying causes of hypoxemia. Undoubtedly, this could lead to better outcome for the critical patients.

Lung ultrasound can be performed conveniently and repeatedly at bedside (10), allowing immediate diagnosis of different lung pathologies including lung consolidation, interstitial disease, pneumothorax, and pleural effusion at any emergent conditions and free of radiations. Lung sliding and A-lines were normal dynamic and static signs by lung ultrasound. The quad or sinusoid sign by lung ultrasound indicated pleural effusion. Tissue like sign and the shred sign indicated alveolar consolidation. B-lines by lung ultrasound were indicative of interstitial syndrome caused either by hemodynamic or inflammatory pulmonary edema (10). By combining the use of lung ultrasound and echocardiography, hemodynamic pulmonary edema could be diagnosed and treated timely. Pneumothorax could be detected as lung point sign or absence of lung sliding by lung ultrasound before confirming by chest X-ray. Lung consolidation or atelectasis can be detected by lung ultrasound and further verified by decreased ventilation of the dorsal lung in functional EIT ventilation image.

EIT could provide both lung ventilation and perfusion image (4, 11). Pneumothorax could also present as decreased regional ventilation and could be supported by lung point sign in lung ultrasound. Ventilation defect of gravity dependent area detected by EIT could be caused by lung consolidation, which presented as tissue like or shred sign in lung ultrasound. The ventilation/perfusion match image by EIT would reveal increased shunt flow when lung consolidation was the main cause of hypoxemia. Both ventilation and perfusion of the right lung was decreased by EIT in our patient. As a result, the shunt was relatively low (10.29%). Hypoxic pulmonary vasoconstriction might have contributed to decreased perfusion by compensatory mechanism. And the small embolism in the superior lobar branch of the right pulmonary artery might also have contributed to decreased perfusion. Further experimental research is warranted to validate these mechanisms. Increased dead space by EIT indicated pulmonary vascular dysfunction, among which PE was the most common etiology. Increased dead space by EIT enhanced the indication for performing CTPA and might decrease unnecessary risk for transferring the critical patient.

In our case, we have ruled out all common causes of hypoxemia after clearing airway and breathing circuit and completing lung ultrasound, EIT and CTPA in the early stage. there was one rare but non-negligible cause, intracardiac shunt, remained to be examined. The patient developed newly unexplained refractory hypoxemia soon after atrial defect repair surgery, which might imply cardiac causes of hypoxemia. Echocardiography (TEE or TTE) was the right assessment for cardiac causes. The residual right-left atrial shunt and the IVC-left atrial shunt revealed by the TEE proved to be the prime cause of refractory hypoxemia in our case, confirmed by the second open-heart surgery. Previous literature reported complication of hypoxemia soon after the repair surgery of inferior sinus venosus defects, which is a rare type of interatrial communication involving lower part of the atrial septum derived from the sinus venosus. Preoperative diagnosis of this type of atrial defect is difficult and challenging (12). The lower edge of the defect has no residual atrial septal tissue thus the orifice of IVC strides over the atrial septum. Giant residual Eustachian valve in some patients may be mistaken as the lower edge of the defect, leading to mis-suture in the surgery and resulting in residual IVC- left atrial shunt. The patient in our case fell into this situation. TEE proves to be better than TTE in accurately diagnosing this type of defect because of close proximity of atrial septum to TEE transducer. TEE is the diagnostic procedure of choice and should be suggested when atrial defect near IVC was identified before operation or at any time. However, diagnosing inferior sinus venosus defects by TTE can still be difficult in adult patients with congenital heart disease. Contrast echocardiography with microbubbles provides accurate detection of cardiovascular shunts. However, it fails to reveal detailed information about anatomical and functional characterizations. Cardiac MRI can also be used to precisely determine ventricular volumes, degree of left-to-right shunts, as well as anatomical vascular and cardiac abnormalities. Contrast-enhanced CT scan is another valuable method for detection of the defect. But this method leads to exposure to ionizing radiation and may reveal insufficient information (13). Furthermore, intraoperative injection of agitated saline contrast via intravenous cannulation in a lower extremity can allow for detection and correction of residual defects during the operation. Careful intraoperative examination of the posterior-inferior portion of the interatrial septum should be done in patients with isolated interatrial shunts and in patients with concomitant congenital heart defects (14). Accurate preoperative diagnosis is critical for post-operative recover of the patient. Careful preoperative planning and intraoperative examination could significantly reduce the incidence of residual defects and free the patient from reoperation (14).

Bedside technologies including lung ultrasound, EIT ventilation and perfusion image, and echocardiography were combinedly used in our patient. Based on the clinical practice, we developed a protocol, which consisted of a bundle of assessments, to screen for etiology and treat newly developed acute hypoxemia in critical patients in our ICU (Figure 5). In our protocol, all potential causes for hypoxemia could be detected.


[image: Figure 5]
FIGURE 5
 The protocol for assessments of hypoxemia in ICU critical patients.




Conclusion

In conclusion, we developed a protocol of assessments for rapidly identifying etiologies of hypoxemia. Thus, safe and timely treatment was expected to be achieved by our protocol in ICU critically ill patients. The protocol combined various methods and technologies, mainly lung ultrasound, echocardiography and EIT, which could be conveniently conducted at bedside, reducing medical risk by shortening the time to diagnosis and free of transportation in patients with life-threatening conditions. This protocol could assist intensivist to better diagnose and treat hypoxic critical patients.



Data availability statement

The studies involving human participants were reviewed and approved by Peking Union Medical College Hospital.



Ethics statement

Written informed consent was obtained from the next of kin of the patient for the publication of any potentially identifiable images or data included in this article.



Author contributions

WL and XD: collected data and drafted the manuscript. NC, HH, and YL: revised the manuscript. All authors have read and approved the final version of the manuscript.



Funding

The work was supported by National Natural Science Foundation of China (No. 82072226), National Key R&D Program of China 2022YFC2009803 from Ministry of Science and Technology of the People's Republic of China, Beijing Municipal Science and Technology Commission (No. Z201100005520049), CAMS Innovation Fund for Medical Sciences (CIFMS) 2021-I2M-1-062 from Chinese Academy of Medical Sciences.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Maca J, Kanova M, Kula R, Sevcik P. Hypoxemia/hypoxia and new concepts of oxygen therapy in intensive care. Vnitr Lek. (2020) 66:63–70. doi: 10.36290/vnl.2020.038

 2. Sarkar M, Niranjan N, Banyal PK. Mechanisms of hypoxemia. Lung India. (2017) 34:47–60. doi: 10.4103/0970-2113.197116

 3. Levy Adatto N, Preisler Y, Shetrit A, Shepshelovich D, Hershkoviz R, Isakov O. Rapid 8-zone lung ultrasound protocol is comparable to a full 12-zone protocol for outcome prediction in hospitalized COVID-19 patients. J Ultrasound Med. (2022) 41:1677–87. doi: 10.1002/jum.15849

 4. Frerichs I, Amato MBP, Van Kaam AH, Tingay DG, Zhao Z, Grychtol B, et al. Chest electrical impedance tomography examination, data analysis, terminology, clinical use and recommendations: consensus statement of the TRanslational EIT developmeNt stuDy group. Thorax. (2017) 72:83–93. doi: 10.1136/thoraxjnl-2016-208357

 5. He H, Chi Y, Long Y, Yuan S, Zhao Z. Three broad classifications of acute respiratory failure etiologies based on regional ventilation and perfusion by electrical impedance tomography: a hypothesis-generating study. Ann Intensive Care. (2021) 11:1–2. doi: 10.1186/s13613-021-00921-6

 6. He H, Chi Y, Yang Y, Yuan S, Zhao Z. Early individualized positive end-expiratory pressure guided by electrical impedance tomography in acute respiratory distress syndrome: a randomized controlled clinical trial. Critical care. (2021) 25:230. doi: 10.1186/s13054-021-03645-y

 7. He H, Chi Y, Long Y, Yuan S, Zhang R, Frerichs I, et al. Bedside evaluation of pulmonary embolism by saline contrast electrical impedance tomography method: a prospective observational study. Am J Respir Crit Care Med. (2020) 202:1464–8. doi: 10.1164/rccm.202005-1780LE

 8. Spinelli E, Mauri T, Fogagnolo A, Scaramuzzo G, Rundo A, Grieco DL, et al. Electrical impedance tomography in perioperative medicine: careful respiratory monitoring for tailored interventions. BMC Anesthesiol. (2019) 19:1471–2253. doi: 10.1186/s12871-019-0814-7

 9. Shono A, Kotani T. Clinical implication of monitoring regional ventilation using electrical impedance tomography. J Intensive Care. (2019) 7:4. doi: 10.1186/s40560-019-0358-4

 10. Lichtenstein DA. Lung ultrasound in the critically ill. Ann Intensive Care. (2014) 4:1–12. doi: 10.1186/2110-5820-4-1

 11. Ball L, Scaramuzzo G, Herrmann J, Cereda M. Lung aeration, ventilation, and perfusion imaging. Curr Opin Crit Care. (2022) 28:302–7. doi: 10.1097/MCC.0000000000000942

 12. Lin F, Tang H, Xiao X. Surgical repair of inferior sinus venosus defects: a novel approach with unsnared inferior vena cava. J Cardiothorac Surg. (2015) 10:1–3. doi: 10.1186/s13019-015-0359-x

 13. Ghaemian A, Nabati M, Shokri M. Undiagnosed inferior vena cava type of sinus venosus atrial septal defect in a middle-aged woman: a rare case report. J Clin Ultrasound. (2020) 48:56–8. doi: 10.1002/jcu.22767

 14. Banka P, Bacha E, Powell AJ, Benavidez OJ, Geva T. Outcomes of inferior sinus venosus defect repair. J Thorac Cardiovasc Surg. (2011) 142:517–22. doi: 10.1016/j.jtcvs.2011.01.031













	 
	

	TYPE Case Report
PUBLISHED 12 December 2022
DOI 10.3389/fmed.2022.1096900





Case report: Hemorrhagic fever with renal syndrome presenting as hemophagocytic lymphohistiocytosis

Maarten A. J. De Smet1*, Simon Bogaert1, Alexander Schauwvlieghe2, Amélie Dendooven3, Pieter Depuydt1 and Patrick Druwé1

1Department of Intensive Care Medicine, Ghent University Hospital, Ghent, Belgium

2Department of Hematology, Ghent University Hospital, Ghent, Belgium

3Department of Pathology, Ghent University Hospital, Ghent, Belgium

[image: image]

OPEN ACCESS

EDITED BY
Yuetian Yu, Shanghai Jiao Tong University, China

REVIEWED BY
Hongbo Chen, Huazhong University of Science and Technology, China
Igor Dumic, Mayo Clinic, United States

*CORRESPONDENCE
Maarten A. J. De Smet, maa.desmet@gmail.com

SPECIALTY SECTION
This article was submitted to Intensive Care Medicine and Anesthesiology, a section of the journal Frontiers in Medicine

RECEIVED 12 November 2022
ACCEPTED 28 November 2022
PUBLISHED 12 December 2022

CITATION
De Smet MAJ, Bogaert S, Schauwvlieghe A, Dendooven A, Depuydt P and Druwé P (2022) Case report: Hemorrhagic fever with renal syndrome presenting as hemophagocytic lymphohistiocytosis.
Front. Med. 9:1096900.
doi: 10.3389/fmed.2022.1096900

COPYRIGHT
© 2022 De Smet, Bogaert, Schauwvlieghe, Dendooven, Depuydt and Druwé. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

Hemophagocytic lymphohistiocytosis may occur in patients with genetic predisposition and in sporadic cases due to malignancy or infection. We describe a 49-year old man with hemorrhagic fever, type 1 respiratory insufficiency and acute kidney injury. Diagnostic work up showed a hyperinflammatory syndrome, hypertriglyceridemia, hemophagocytosis, very high ferritin and significantly elevated sCD25. The findings were compatible with hemophagocytic lymphohistiocytosis based on the HLH-2004 criteria. Serological testing indentified Puumala virus as the causal pathogen. The patient was successfully treated with pulse corticosteroids, intravenous immunoglobins and supportive therapy.
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Introduction

Hemophagocytic lymphohistiocytosis (HLH) is a rare syndrome, characterized by an aberrant hyperinflammatory and hyperferritinemic immune response that is driven by T cells and excessive proliferation of activated histiocytes. HLH occurs as a primary genetic form or secondary to malignancy, infections, immunodeficiency and rheumatological or auto-immune disorders (1). Infection-associated HLH may be caused by viral, bacterial, parasitic or fungal pathogens. Viral infections, such as Epstein-Barr virus, cytomegalovirus, herpes simplex virus, varicella zoster virus, influenza, SARS-CoV-2, and HIV, are known to trigger HLH. Rarely, HLH is associated with hemorrhagic fever with renal syndrome (HFRS) caused by Hantaan, Seoul, Dobrava/Belgrade, or Puumala virus. Six case reports have been described with only one identifying Puumala virus as the causal pathogen (2–7). Here, we describe a case of HLH secondary to HFRS caused by Puumala virus.



Case report

A 49-year old man presented to the emergency department following a week of night sweats and fever up to 39°C. He complained of right upper quadrant pain, dyspnea, headache, photophobia, and diplopia. The patient was a metal worker and kept guinea pigs, hamsters and rabbits. No other animal contact was reported. Two weeks before presentation, he received a second dose of the BNT162b2 mRNA COVID-19 vaccine. There was no history of recent or travel to endemic areas. He smoked actively, drank alcohol sporadically and used no drugs. There were no known allergies and the family history, including active or recent infections, was negative. On examination, heart rate was 83 beats per minute, blood pressure 118/81 mmHg, respiratory rate 18 per minute, oxygen saturation 98% without supplemental oxygen and temperature 38°C. Lung auscultation revealed bibasal inspiratory crepitations. The right upper quadrant was painful upon palpation without signs of hepatosplenomegaly or peritonitis. No other significant abnormalities were present. Hemoglobin was 11.1 g/dL, platelet count 27 × 103/μL, white blood cell count 20.4 × 103/μL with neutrophilia, serum creatinine 4.3 mg/dL, aspartate aminotransferase 87 U/L, alanine aminotransferase 59 U/L, gamma-glutamyl transferase 72 U/L, alkaline phosphatase 102 U/L, lactate dehydrogenase (LDH) 538 U/L, CRP 78 mg/L, ferritin 10631 μg/L, triglycerides 518 mg/dL, albumin 24 g/L, fibrinogen 360 mg/dL (Table 1). Computed tomography of head, chest and abdomen revealed ascites without other abnormalities. Blood and urine cultures were incubated. A SARS-CoV-2 PCR was negative.


TABLE 1    Results of laboratory testing.

[image: Table 1]

The patient was started on ceftriaxone and vancomycin because of suspected meningoencephalitis. After 2 days, persistently high inflammation prompted a switch of vancomycin to doxycycline. Blood and urine cultures were repeated and remained sterile.

The patient was transferred to the ICU because of type 1 respiratory failure due to pulmonary edema and bilateral pleural effusions requiring High Flow Nasal Oxygen (HFNO). In addition, he developed nephrotic syndrome as documented by arterial hypertension, microscopic hematuria and proteinuria (5.2 g protein/g creatinine). Because of suspected HLH, intravenous immunoglobins (IVIGs, 1 g/kg daily for 3 days) and pulse corticosteroids (dexamethasone 20 mg on the first day, followed by 10 mg daily) were started.

Further workup showed NT-proBNP of 5466 pg/mL with normal cardiac structure and function on transthoracic echocardiography. A lumbar puncture was acellular and showed LDH of 47 U/L and total protein of 224 mg/dL without monoclonality. Cerebrospinal fluid culture and viral PCRs for herpes simplex virus, varicella-zoster virus, enterovirus, Epstein-Barr virus and cytomegalovirus remained negative. Serum and urinary protein electrophoresis did not show monoclonality. Bone marrow aspiration showed reactive changes without evidence of malignancy. Bone marrow biopsy revealed hemophagocytosis (Figure 1). Kidney biopsy showed slight acute tubular damage. Soluble CD25 (sCD25) was 3602 pg/mL. Natural Killer cell function was normal without perforin deficit.


[image: image]

FIGURE 1
Bone marrow biopsy (Hematoxylin and Eosin stained, 400×) showing histiocytes (arrows) engulfing red blood elements compatible with hemophagocytosis.


Hemophagocytic lymphohistiocytosis was diagnosed because of a suggestive clinical phenotype in combination with a hyperinflammatory syndrome, fever, hypertriglyceridemia, hemophagocytosis, very high ferritin and significantly elevated sCD25 (1). Puumala virus serology was positive on hospital day 3 and 10 (Table 1), confirming HFRS. Hantavirus PCR was negative on blood and urine. Serology for other relevant infections and auto-immune disorders was negative (Supplementary Table 1). Exome sequencing could not reveal mutations at HLH foci or for immunodeficiency syndromes. Additional lab work did not uncover any immunocompromising factors.

Two days after the start of IVIGs and corticosteroids, serum creatinine improved and the patient could be weaned off HFNO therapy. Dexamethasone was tapered over 3 months. Currently, the patient is asymptomatic, with normal kidney function and without inflammation.



Discussion

Hemophagocytic lymphohistiocytosis is a rare syndrome, characterized by an aberrant hyperinflammatory and hyperferritinemic immune response that is driven by T cells and excessive proliferation of activated histiocytes. HLH may occur as a primary genetic form or secondary to infections, malignancy, immunodeficiency and rheumatological or auto-immune disorders. While variations in HLH-associated genes may also play a role in adult-onset HLH, primary HLH occurs mostly in children. Secondary HLH is most common in adolescents and adults as a result of acquired immune dysfunction in response to infections, malignancies, and immune disorders (1).

Infection-associated HLH may be caused by viral, bacterial, fungal or parasitic pathogens. Viral infections, such as Epstein-Barr virus, cytomegalovirus, influenza, SARS-CoV-2, and HIV, are known to trigger HLH (8, 9). Rarely, HLH is associated with hemorrhagic fever with renal syndrome (HFRS) (2–7). HFRS is a zoonotic viral disease caused by Old World hantaviruses, occurring in Asia and Europe, such as Hantaan, Seoul, Dobrava/Belgrade or Puumala virus. In contrast, New World hantaviruses, occurring in the Americas, may cause hantavirus pulmonary syndrome (HPS). To our knowledge, no reports of HLH in HPS have been described in the literature. Transmission occurs through contact with saliva from bites or inhalation of aerosolized excrements of asymptomatically infected rodents. Clinical presentation varies from subclinical to fatal. After an incubation period of 2–4 weeks, patients may show non-specific symptoms such as fever, chills, headache, abdominal pain, nausea, and vomiting. After the initial period, hemorrhagic complications as well as renal dysfunction may occur that are associated with mortality. The diagnosis of hantavirus infection is generally confirmed by serological testing since viral RNA usually disappears from the circulation a few days after symptoms start. Six case reports have described HLH secondary to hantavirus infection with only one identifying Puumala virus as the causal pathogen (2–7). The bank vole is the reservoir for Puumala. However, here, clinical history suggests transmission through domesticated rodents. Experimental research shows hamsters may be subclinically infected with Puumala, but naturally occurring transmission has not been previously described (10). To the best of our knowledge, this is the first report describing such a possibility of transmission for Puumala virus.

Hemophagocytic lymphohistiocytosis is diagnosed based on the HLH-2004 criteria (Supplementary Box 1) (1). Firstly, heterozygosity for HLH-associated mutations or gene defects of other immune regulatory genes together with clinical findings associated with HLH may diagnose the syndrome. Alternatively, five of the following findings must be present for the diagnosis of HLH: fever ≥ 38.5°C, splenomegaly, peripheral blood cytopenia (at least two of the following: hemoglobin <9 g/dL, platelets < 100,000/μL, absolute neutrophil count < 1000/μL), hypertriglyceridemia ≥265 mg/dL and/or hypofibrinogenemia ≤ 150 mg/dL, evidence of hemophagocytosis, low or absent NK cell activity, ferritin ≥ 500 ng/mL and elevated sCD25 ≥ 2400 U/mL. In this case, HLH diagnosis could be confirmed based on five criteria: fever, hypertriglyceridemia, hemophagocytosis, very high ferritin and significantly elevated sCD25. Additionally, functional and genetic testing did not reveal pathogenic variants associated with HLH or primary cytotoxicity defects, suggesting secondary HLH.

Given the coagulation abnormalities in this case, dissiminated intravascular coagulation (DIC) has to be considered as a complication. Signs of DIC are common in hantavirus infection. In Puumala virus infections, 28% of patients may be diagnosed with DIC. DIC was also associated with more severe disease and may also complicate HLH (11).

The previously mentioned diagnostic criteria do not always need to be met in order to initiate treatment. Early suspicion is important to initiate HLH-specific therapy in critically ill or deteriorating patients. The HScore may be used to assess the probability of HLH (Supplementary Box 2) (1). This score incorporates points for immunosuppression, fever, hepatosplenomegaly, triglyceride level, ferritin, AST and fibrinogen, cytopenias and presence of hemophagocytosis on bone marrow aspiration. An HScore ≥ 250 confers a 99% probability of HLH, whereas a score of ≤90 confers a < 1% probability of HLH. In this case, HScore was 196 with a probability of having HLH of 85% based on fever, thrombycytopenia, very high ferritin, triglycerides >350 mg/dL, fibrinogen ≤ 250 mg/dL and AST ≥ 30 U/L. When hemophagocytosis was additionally shown to be present, HScore increased to 231 with an HLH probability of 98%.

Hemophagocytic lymphohistiocytosis-specific therapy may consist of pulse corticosteroids, IVIGs, etoposide, cyclosporin A and/or biologics such as the interleukin-1 antagonist anakinra or the interleukin-6 antagonist tocilizumab (1). In patients with central nervous system involvement, methotrexate may be added (1). The HLH-94 protocol suppresses activated T cells and inflammatory cytokine production. It is the mainstay treatment in children up to 18 years of age, where genetic causes of HLH are enriched. The HLH-94 protocol consists of corticosteroids, cyclosporin A and etoposide. Additional intrathecal therapy is suggested in case of progressive neurological symptoms or persistent abnormal cerebrospinal fluid after 2 weeks of therapy.

The heterogeneity of adult HLH prohibits a single uniform protocol. Accordingly, treatment in adults cannot be standardized and needs tailoring according to the underlying condition and HLH-initiating trigger (infection, malignancy, auto-immune/auto-inflammatory conditions, drug-induced, other causes) (1). The treatment experience of HFRS-induced HLH is very limited. Successful results have been reported with supportive therapy, IVIGs, corticosteroids and etoposide (2–7). Additionally, in infection-associated HLH, the causal pathogen should be identified rapidly and empiric or directed therapy should be initiated. In this case and supplementary to HLH-specific therapy, the patient was treated with broad-spectrum antibiotics, on a suspicion of sepsis. Antibiotic treatment was stopped when cultures remained negative.



Conclusion

Hemophagocytic lymphohistiocytosis may be associated with HFRS caused by Puumala virus infection and may be successfully treated with supportive therapy, IVIGs and pulse corticosteroids.
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Purpose: Emphysematous pyelonephritis (EPN) is a rare, life-threatening necrotizing renal parenchymal infection. It is most commonly reported in patients with poor glycemic control.

Patient concerns: We report the case of a 64-year-old woman who presented to the emergency room with fever and weakness over the last few days.

Diagnosis: After a series of tests in the diagnostic workup, the patient was diagnosed with emphysematous pyelonephritis and sepsis.

Intervention and outcome: She received conservative treatment with meropenem and symptomatic treatment, and the symptoms improved significantly.

Lessons: EPN can be reliably diagnosed using non-contrast abdominal CT imaging. The infection is most commonly caused by the Escherichia coli species, and a good curative effect can be achieved with early diagnosis and appropriate and timely treatment.

KEYWORDS
 case report, sepsis, infection, diabetes, emphysematous pyelonephritis (EPN)


1. Introduction

Emphysematous pyelonephritis (EPN) is an acute, severe necrotizing infection resulting in gas in the renal parenchyma, collecting system, or perinephric tissue. EPN is uncommon due to its rare characteristics. Literature on the most effective treatment approach for EPN is scarce. Recently, after reviewing the literature, the researchers emphasized that the symptoms of this illness demonstrate unique pathology and point to microbiological and epidemiological causes (1). The condition was prolonged in this case and was carefully managed with good clinical effects.

We report a case of EPN in a 64-year-old female patient with type 2 diabetes mellitus, which was confirmed using computed tomography (CT) and laboratory evaluations.



2. Case report

A 64-year-old woman presented to the emergency room with fever and weakness over the last few days. The patient was feeling agitated during the physical examination. She also complained of left loin pain. Her medical history included poorly controlled type II diabetes mellitus and chronic renal failure. Laboratory results demonstrated that her white cell count was 27,700 cells per cubic millimeter (the normal range: 3,500 to 9,500). The C-reactive protein level was 32.873 mg per deciliter, the blood urea nitrogen level was 20.70 mmol per liter, and the creatinine level was 312.7 μmol per liter. Urinalysis showed an elevated leukocyte count and bacteriuria. A CT scan in horizontal plane sectioning showed that the left kidney was significantly enlarged with thickened perirenal fascia, which was related to the presence of gas in the renal parenchyma and the kidney pelvis (Figure 1). She was transferred to the intensive care unit and treated with meropenem and broad-spectrum empirical antibiotics.


[image: Figure 1]
FIGURE 1
 CT scan revealed gas collection in the parenchyma and renal pelvis (arrowheads) and perirenal fascia thickening (arrows) of the left kidney.


On admission to the ICU (day 0), she was drowsy. Her vital signs were as follows: body temperature, 37.5°C; pulse rate, 102 beats/min; respiratory rate, 28 breaths/min; blood pressure, 122/54 mmHg (noradrenaline 0.5 microg/kg per min); and pulse oxygen saturation, 98% with high flow oxygen therapy. Diminished breath sounds in the right lower lung were heard on auscultation. There was no audible cardiac murmur. Her abdomen was soft but she failed to cooperate with the abdominal tenderness examination, along with mild pitting edema of both lower limbs. The patient was diagnosed with emphysematous pyelonephritis and septic shock, possibly caused by a gas-producing uropathogenic infection. Unfortunately, according to the RIFLE criteria (2), the patient developed acute renal failure and was treated with continuous renal replacement therapy. However, after active treatment, the clinical effect was remarkable. Her clinical symptoms and serum inflammatory indicators (Figures 2A–C) improved gradually, and she stopped using norepinephrine (day 3). Her renal function (day 3) also recovered (Figures 2D, E), and she was successfully weaned with continuous renal replacement therapy. On the third day, both blood and urine cultures reported extended-spectrum beta-lactamase (ESBL)-producing E. coli. The patient's condition continued to improve, and she no longer needed to be treated in the ICU on the 6th day. The patient's abdominal CT scan (day 12) revealed that the gas collection in the pelvis and calyces had disappeared. Finally, the patient was discharged.


[image: Figure 2]
FIGURE 2
 Laboratory tests and urine output dynamic change. (A) Changes of white-cell, (B) changes of c-reactive protein, (C) changes of procalcitonin, (D) changes of serum creatinine, and (E) changes of urine output.




3. Discussion

After admission, the patient's EPN was diagnosed according to clinical manifestations, laboratory examinations, and abdominal CT scan results. Septic shock and acute renal failure occurred. We empirically gave anti-infection treatment, and the patient received appropriate supportive treatment while controlling the blood sugar at the appropriate level.

Currently, an abdominal CT scan is the preferred radiographic method for diagnosing EPN and staging its severity, which is related to its treatment plan (3). Huang et al. classified EPN into four classes: Class 1 indicates gas confined to the collecting system; Class 2 indicates gas confined to the renal parenchyma without extension to the extrarenal space; Class 3A indicates extension of gas or abscess to the perinephric space; Class 3B pertains to extension of the gas or abscess to the pararenal space; and Class 4 refers to bilateral EPN or a solitary kidney with EPN (4). Our patient was judged to have a Class 3A EPN.

A recent meta-analysis found that the mortality rate among patients with EPN disease was 13%, with a significantly decreasing trend in mortality rates from 1985 to 2020 (5). EPN was first defined by Schultz and Klorfein (6), and they opposed open surgical drainage of multiple cortical abscesses. The doctors' constant supervision revealed compelling results. Compared with conservative treatment, patients with diabetes mellitus who underwent surgical drainage or nephrectomy had lower mortality (7). Since then, open surgery has played a central role in the management of EPN, and the results from statistics from Shah's study showed that open surgery was associated with high mortality (8). A report published 10 years later by Chen et al. recommended different procedures. Antibiotic therapy combined with CT-guided percutaneous drainage for the treatment of emphysematous pyelonephritis is an appropriate alternative to antibiotic therapy with surgical intervention (9). With the advent of modern imaging, endourological procedures, and broad-spectrum antibiotics, the majority of such patients can be treated with minimal morbidity and mortality, even with the salvaging of the renal units (10, 11).

The disease usually occurs in female patients with diabetes with poor glycemic control, with or without urinary tract obstruction (12). E. coli is the most common pathogen (13). Almost 70% of patients extract E. coli from urine or pus cultures. Our case combines in-hospital multidisciplinary consultation methods, including urologists, critical care physicians, and microbiologists, to manage patients with EPN and develop strategies that may produce the best survival results. The first step includes full fluid resuscitation, broad-spectrum parenteral antibiotics against gram-negative bacteria, correction of electrolyte and acid-base disorders, and strict blood glucose control. We dynamically evaluated the function of each organ, such as the heart, the lung, and the kidney and provided emergency support treatment when necessary, including percutaneous drainage, positive muscle strength, mechanical ventilation, continuous hemodialysis, and so on. In cases of intractable shock or persistent bacteremia, nephrectomy should be considered.



4. Conclusion

Emphysematous pyelonephritis is an uncommon, acute, and severe necrotizing infection. Due to the rarity and variability of the clinical symptoms of EPN, diagnosing EPN proves to be a challenge. EPN can be reliably diagnosed by non-contrast CT abdominal imaging. The case study we report prove that surgical treatment of EPN is inappropriate in patients with serious complications, and the prognosis of patients may be improved by an early and regular course of antibacterial treatment.
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Background: Extraoral infection by Porphyromonas gingivalis (P. gingivalis) is extremely rare and challenging to diagnose because the fastidious pathogen is difficult to culture by traditional methods. We report the first case of a patient with multiple abscesses in muscles and the brain with dura empyema due to P. gingivalis, which was diagnosed by metagenomic next-generation sequencing (mNGS).

Case presentation: A 65-year-old male patient was admitted to our hospital for multiple lumps in his body. Brain magnetic resonance imaging (MRI) and lower-limb computed tomography (CT) revealed multiple abscesses in the brain and muscles. A diagnosis of P. gingivalis infection was made based on mNGS tests of blood, cerebrospinal fluid (CSF), and pus samples, as the traditional bacterial culture of these samples showed negative results. Target antibiotic therapy with meropenem and metronidazole was administered, and CT-guided percutaneous catheter drainage of abscesses in both thighs was performed. The size of muscle abscesses reduced significantly and neurological function improved. The patient was followed up for 4 months. No abscesses re-appeared, and the remaining abscesses in his backside and both legs were completely absorbed. He can speak fluently and walk around freely without any neurological deficits.

Conclusion: Metagenomic next-generation sequencing is helpful for early diagnosis and subsequent treatment of P. gingivalis-associated multiple abscesses.

KEYWORDS
Porphyromonas gingivalis, next generation sequencing (NGS), multiple abscesses, metronidazole, percutaneous catheter drainage


Introduction

Porphyromonas gingivalis (P. gingivalis) is a highly adapted non-motile gram-negative, and oral anaerobe. The bacterium is strongly associated with periodontitis, which can destroy the tissues supporting the tooth and eventually lead to tooth loss (1). It can produce various virulence factors such as proteolytic enzymes, capsules, fimbriae, and lipopolysaccharides that can cause tissue destruction, severe inflammation, and sometimes abscess formation (2). Apart from oral infection, P. gingivalis can also cause extraoral infections (3–9), such as brain abscesses, chest wall abscesses, subdural empyema, and gas gangrene.

The diagnosis of P. gingivalis using conventional methods, such as blood, cerebrospinal fluid, or pus culture is difficult and time-consuming. P. gingivalis is a fastidious pathogen that is difficult to culture and requires samples to be transported to the appropriate laboratory immediately under strict anaerobic conditions. The culture time of P. gingivalis is approximately 7–10 days, which can lead to delayed diagnosis and therefore inappropriate treatment. Currently, metagenomic next-generation sequencing (mNGS) is being used to identify pathogens with high sensitivity and specificity; it can also lead to an etiological diagnosis in comparatively lesser time (10). Herein, we present the first case of multiple abscesses in a patient’s muscles and the brain with dura empyema due to P. gingivalis, which was diagnosed by mNGS.



Case presentation

A 65-year-old male patient was admitted to our hospital for multiple abscesses. Two weeks before admission to our hospital, the patient presented with an abscess in his left palm. Four days later, three more bumps were found on his right and left thighs and his backside with mild distending pain. Five days prior to admission, as his palm abscess enlarged, he presented to the outpatient department of our hospital. He was treated with levofloxacin (100 mg, intravenous [iv], qd), and his palm abscess was removed by surgical drainage. However, his symptom worsened quickly. He developed fever, headache, gait instability, and dysarthria. The bumps in his thighs and his backside became larger, with severe distending pain in these places.

On admission, the initial physical examination showed a body temperature of 38.5°C, respiratory rate of 19/min, pulse rate of 85/min, and blood pressure of 120/73 mmHg. The cardiovascular and respiratory systems were normal. Abdomen examination did not show tenderness or hepatosplenomegaly. In addition, bumps were found on his left thigh (21 cm × 13 cm) (Figure 1A), right thigh (22 cm × 12 cm) (Figure 1B), and backside (7 cm × 3 cm) with tenderness and fluctuation. The local skin temperature was higher than that of the surrounding skin. Motor weakness of the left upper limb (muscle strength grade 4) and right lower limb (muscle strength grade 2) with bilateral hypotonicity of the upper extremities was observed. There were no signs of hyperreflexia or meningeal irritation. Both sides of the Babinski sign were negative. The patient denied any disease that can influence the immune system, such as tumors, acquired immunodeficiency syndrome (AIDS), hematological diseases, autoimmune diseases, or diabetes mellitus. He also denied the administration of any immunosuppressive agents or steroid drugs. His lymphocyte count was 1.31 × 109 cells/L, the percentage of CD3+ and CD4+ lymphocytes was 31% (normal range 27–51%), and the percentage of CD3+ and CD8+ lymphocytes was 35% (normal range 15–44%). The presence of antibodies of the human immunodeficiency virus was also negative.


[image: image]

FIGURE 1
Clinical manifestation of bilateral thighs abscesses. (A) Bulging mass on the right thigh. (B) Bulging mass on the left thigh. (C) Brown fetid pus was aspirated by computed tomography (CT)-guided percutaneous puncture in right thigh abscess.


Computed tomography (CT) of both lower extremities showed the presence of multiple hypodense lesions, which indicated multiple muscle abscesses in the right vastus intermedius, left vastus lateralis muscle, and left adductor magnus (Figures 2A–C). Brain magnetic resonance imaging (MRI) showed rim-enhancing lesions with perilesional edema that indicated bilateral brain abscesses in the frontoparietal lobe, right temporal occipital lobe, and right cerebellar hemisphere (Figure 3). Brain MRI also showed heterogeneously thickened dura with peripheral rim enhancement, which indicated dura empyema on the right frontoparietal lobe (Figure 3). Diffusion-weighted MRI shows a hyperintense signal within these lesions (Figure 3). A lumbar puncture was performed, which showed an intracranial pressure of >300 mmH2O (normal range: 80–180 mmH2O). The cerebrospinal fluid (CSF) was clear and colorless. The CSF analysis showed the following results: leukocyte count, 99,000 cells/mL; glucose levels, 3.6 mmol/L (normal range: 2.5–4.5 mmol/L); and protein levels, 1,113.9 mg/L (normal range 150–450 mg/L). Based on these findings, a diagnosis of multiple abscesses in muscles and the brain with dura empyema was made, and empirical antibiotic treatment of meropenem (1.0 g, iv drip, q8h) and linezolid (600 mg, iv drip, q12) was started. Anaerobic and aerobic cultures of blood samples and aerobic culture of CSF samples were both performed. CT-guided percutaneous catheter drainage of abscesses was performed in both thighs, and brown fetid pus was aspirated (Figure 1C). The pus sample was used to find the etiological agent using methods of traditional aerobic culture and mNGS test. Stereotactic puncture drainage of brain abscesses was proposed but not performed because the patient refused any type of intracerebral surgery.
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FIGURE 2
Computed tomography (CT) scan result of bilateral lower extremities and timeline of treatment. (A) CT scan shows multiple muscle abscesses in bilateral thighs. (B) Right thigh abscess. (C) Left thigh abscess. (D) Timeline of treatment.
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FIGURE 3
 Magnetic resonance image (MRI) of brain shows abscesses in bilateral frontal lobe, right temporo-parieto-occipital lobe, and right cerebellar hemisphere with ring contrast enhancement and perilesional edema. (A,B,G) T2-weighted imaging. (C,D,H) T2 contrast-enhancement imaging. (E,F) Diffusion-weighted MRI.


PACEseq mNGS test (Hugobiotech, Beijing, China) using a pus sample from the right thigh abscess was performed to identify the causative pathogens. A QIAamp DNA Micro Kit (QIAGEN, Hilden, Germany) was used for DNA extraction, and a library of total DNA was built with QIAseqTM Ultralow Input Library Kit for Illumina (QIAGEN, Hilden, Germany). Qubit (Thermo Fisher Scientific, MA, USA) and Agilent 2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA, USA) were used to access the quality of the DNA library. The qualified library was finally sequenced on a Nextseq 550 platform (Illumina, San Diego, CA, USA). After sequencing, adapters and short, low-quality, and low-complexity reads were removed from the raw data. Human DNA was also filtered out by mapping to the human reference database. The remaining reads were finally aligned to the Microbial Genome Database.1 Porphyromonas gingivalis (60,853 specific reads), Bacteroides heparinolyticus (892 specific reads), and Tannerella forsythia (317 specific reads) were detected on day 3 (Figure 4). Blood and CSF samples were also used to detect pathogens using the method of the PMseq mNGS test (BGI-Shenzhen, Shenzhen, China). Porphyromonas gingivalis was detected both in the blood (489 specific reads) and CSF (587 specific reads) samples on day 2 and day 4 as negative results were obtained with the traditional culture of these samples. The blood, pus, and CSF samples were incubated in BACTECTM FX BC systems (Becton Dickinson, Heidelberg, Germany) for 5 days, but no positive signal appeared. As a result, the anaerobic and aerobic cultures of the blood sample and the aerobic cultures of pus and CSF samples were negative.
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FIGURE 4
Metagenomic next-generation sequencing (mNGS) results of this case. (A) Courage of Porphyromonas gingivalis detected by mNGS was 79.4279%. (B) A total of 60853 specific reads of P. gingivalis were detected by mNGS in this case.


As P. gingivalis was detected, the antibiotic regimen was changed to meropenem (1.0 g, iv drip, q8h) and metronidazole (1 g, iv drip, q8h) on day 3. Chest and abdominal CT and cardiac ultrasonography were performed to identify the source of infection, but no positive result was found in either examination. A dental examination was performed, which revealed moderate oral hygiene with loss of all teeth and chronic gingivitis. We did not find any periodontal abscess. The antibiotic regimen of meropenem and metronidazole was continued until he was discharged from the ICU. The pigtail catheters were left in both legs to allow for continuous drainage with daily flushing by metronidazole. On day 9, the drainage volume was <10 ml of serous-like liquid, and the patient’s white blood cell count was back to normal levels. CT of both legs revealed a remarkable reduction in the size of the abscesses in the right vastus intermedius, left vastus lateralis muscle, and left adductor magnus. The drainage tube was removed on day 18. The size of the bump in his backside was reduced to 3 cm × 2 cm. His neurological function was improved partially. He could speak fluently, but the muscle strength of his right lower limb was still weak (muscle strength: grade 2). As his symptoms improved and his vital signs stabilized, he was discharged from the ICU on day 23 to a rehabilitation medical center. The patient was followed up for 4 months. No abscesses re-appeared, and the remaining abscesses in his backside and both legs were completely absorbed. His muscle strength improved significantly. He returned to normal health. At the time of generating this report, the patient could speak and walk around freely and had no evident neurological deficits. The timeline of the treatment is shown in Figure 2D.



Discussion

Porphyromonas gingivalis is a gram-negative oral anaerobe and is considered a major pathogenic agent causing periodontitis. However, P. gingivalis can be disseminated from the oral cavity to other body sites and cause extraoral infections, such as brain abscess, subdural empyema, chest wall abscesses, otitis media, appendicitis, and gas gangrene (3–9). Brain abscesses caused by P. gingivalis have been reported in several studies (3–6). Recently, Tanaka et al. (8) reported the first case of chest subcutaneous abscess caused by P. gingivalis. To the best of our knowledge, muscle abscesses and brain abscesses in the same patient caused by P. gingivalis have not been reported. Here, we reported the first case of multiple abscesses in muscles and the brain with dura empyema caused by P. gingivalis.

The diagnosis of brain abscess by P. gingivalis mainly depended on bacterial culture because of the lack of characteristic imaging and clinical features. However, the positive rate of culture for P. gingivalis is very low. In our case, traditional bacterial cultures of blood, CSF, and pus samples all revealed negative results. Indeed, many oral bacteria, such as P. gingivalis, are fastidious pathogens that are difficult to culture and must be transported to the appropriate laboratory immediately under strict anaerobic conditions. Moreover, it takes weeks or more to identify pathogens by traditional culture. Currently, mNGS can simultaneously detect various types of pathogens such as bacteria, viruses, fungi, and parasites in virtually any body fluid type, ranging from low-cellularity spinal fluid to purulent fluids, with high sensitivity and specificity and in far less time than traditional culture tests (10). In our case, P. gingivalis was detected within 2 days by mNGS, much earlier than by traditional culture tests, which detected no pathogens, given that the samples were sent to the laboratory at the same time. This proves that mNGS can be more beneficial than traditional testing methods in identifying potential pathogens such as P. gingivalis.

In a pus sample from the right thigh, 60,853 (47.84%) specific sequences of P. gingivalis were detected in the mNGS test. Other sequences (n = 65,133, 51.21%) included non-specific microbial sequences (n = 64,713, 50.88%) that did not indicate any specific microbe and relatively fewer environmental bacterial sequences (n = 420, 0.33%). Sequences specific for P. gingivalis accounted for 97.39% of all specific sequences detected by mNGS. Thus, P. gingivalis was the major microbe identified in the pus sample. The non-specific microbial sequences could be unspecified genome regions of P. gingivalis and the minor accompanying flora as no specific sequences of other species were found. As specific sequences of P. gingivalis were also detected in blood and CSF samples, we confirmed that P. gingivalis was the pathogenic bacterial species of multiple abscesses.

In our case, percutaneous puncture of bilateral femoral abscesses was performed and brown fetid pus was aspirated. Unfortunately, only aerobic culture of the pus sample was performed. As P. gingivalis is an anaerobic species that cannot live with oxygen, the results of aerobic cultures of pus and CSF samples were negative. However, we did confirm that there were few if any aerobes in these samples. Tanaka et al. (8) reported a case of empyema necessitans that presented as a subcutaneous chest wall abscess caused by P. gingivalis. In this case, percutaneous puncture of the subcutaneous abscess was performed, and foul-smelling chocolate-colored pus was aspirated. Gram smears of the pus revealed gram-negative rods, but aerobic culture showed a negative result, similar to our case. Indeed, foul-smelling pus always suggests an anaerobic infection; thus, anaerobic culture is needed.

Some previous studies have also reported brain abscesses caused by P. gingivalis. In these cases, patients either had a chronic odontogenic disease or had recently undergone dental surgery before brain abscesses were found. As no other sources of infection were found, they concluded that P. gingivalis was derived from the oral.

Targeted antibiotic therapy of meropenem and metronidazole was administrated after pathogens were detected. Porphyromonas spp. shows high susceptibility to penicillin, amoxicillin, amoxicillin–clavulanate, metronidazole, tetracycline, and clindamycin (11). In our case, metronidazole was also used to flush the abscess cavities via pigtail catheters. The size of muscle abscesses declined significantly, and neurological function improved. Some case reports have revealed that early absorption of brain abscesses leads to a good neurological prognosis (3, 5, 12, 13). In our case, stereotactic puncture drainage of brain abscesses was proposed by our neurosurgical colleagues, but the patient did not agree to the procedure. This may be why the neurological deficit did not improve as significantly as the size of muscle abscesses before discharge.

In our case, the patient denied any diseases that can decrease immune function and denied the administration of any immunosuppressive agents or steroid drugs. His lymphocyte counts and CD4+ and CD8+ percentages were in the normal range. As a result, the immune function of the patient was accessed as normal. In most case reports concerning abscesses caused by P. gingivalis, the patients’ immunologic functions were normal, which indicates that anyone can be infected by this microbe. The patient in our case ultimately recovered fully. No abscesses re-appeared, and the remaining abscesses were all completely absorbed without any neurological deficits. The mortality rate and morbidity rate of extraoral P. gingivalis infections have never been reported. However, most case reports indicate that with proper treatment, the patient should experience a good recovery.



Conclusion

We report here the first case of multiple abscesses in muscles and the brain with dura empyema caused by P. gingivalis. The mNGS test is helpful in the detection and identification of these pathogens, especially when traditional culture tests show negative results. With antibiotic therapy of metronidazole and meropenem combined with percutaneous catheter drainage of abscesses in both thighs, the size of the muscle abscesses declined significantly, and neurological function improved.
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Eosinophils (10°/uL) (0.03-0.4) 0.4 0.3
Basophils (10/uL) (0.02-0.1) 0.1 0.1
Creatinin (mg/dL) (0.7-1.2) 1.2 4.3 3.74 1.02 0.84 0.74 0.78
Total bilirubin (mg/dL) (0.2-1.3) 0.6 0.4 0.4 0.6 0.6 0.4 0.5
Total protein (g/L) (64-83) 47 64 65 58
Albumin (g/L) (35-52) 2 25 29 _--
AST (U/L) (<37) 68 114 35 43 23 18
ALT (U/L) (7-40) 59 48 77 107 111 39 16
yGT (U/L) (<64) 72 51 203 174 171 75 19
AP (U/L (30-120) 102 90 114 110 110 76 68
LDH (U/L) (105-250) 538
NT-proBNP (pg/mL) (<125) 5466 _—
Triglycerides (mg/dL) (58-327) 518
sCD25 (U/mL) (458-1997) 3602
NK cells (/L) (90-600) 129.5
NK perforin (%) 86.9
NK cell function (degranulation test) Normal
Leptospira antibodies Negative
Puumala IgG (<0.8) 3.1
Puumala IgM (<0.8) 8.8
Puumala PCR Negative
Panhantavirus PCR Negative
Urine
Puumala PCR Negative

ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; Hb, hemoglobin; Het, hematocrit; PLC, platelet count; WBC, white blood cells count; AST, aspartate aminotransferase; ALT,
alanine aminotransferase; yGT, gamma-glutamyl transferase; AP, alkaline phosphatase; LDH, lactate dehydrogenase; NT-proBNP, N-terminal prohormone of brain natriuretic peptide;
sCD25, soluble CD25; NK, natural killer; PCR, polymerase chain reaction.
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Reads number

Porphyromonas gingivalis 79.4279% coverage
300 -
200 -
100 -
0 -
0 50 100 150 200
Nucleotide position along Porphyromonas gingivalis (10K)

microbe (n=127195 reads)
Porphyromonas_gingivalis (n=60853, 47.84%)

. Bacteroides heparinolyticus (n=892, 0.7%)
Tannerella_forsythia (n=317, 0.25%)

- Others (n=65133, 51.21%)
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Parameters

White blood cell count (x 10°/L)
C-reactive protein (mg/dl)
Procalcitonin (ng/ml)

Lactate (mmol/L)

Day1

7.2
0.91
0.14
1.1

Day 7

39
19.27

0.22

2.3

Day 14

17.3

25.56
0.43
2.7

Day21

15.0

28.11
1.55
1.9

Day 28

21.7

33.78
2.23
43

Day 35

19.1

25.71
1:15
3.1

Day 42

8.7
2.33
0.23
0.9
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Onset

Course/
Progression

Orientation

Attention

Speech and
language
Affect/Mood
Sleep

Delirium

Acute, hours to
days

Fluctuating

Sun-downing

Disoriented

nattentive

ncoherent,
illogical

Dysphoric, labile

Disturbed
sleep-wake cycle

Dementia

Insidious, chronic,
months to years

Progressive

Sun-downing

Oriented until

later stages
Attentive

Aphasia, anomia

Depressed, abulic

Reversed
sleep-wake cycle

Depression

Variable

Variable

Usually oriented

Inattentive

Normal

Depressed

Early morning
awakening
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Laboratory

o Full blood count

e Biochemistry panel—electrolytes (sodium,
potassium, calcium, phosphate), glucose, urea,
creatinine, bicarbonate

e Liver function test

o Arterial blood gas

e Thyroid function test

e Ammonia

e Thiamine

e Serum B12 and folate

e Micronutrients (zinc, copper, selenium,
vitamin A, vitamin D2, vitamin D3, vitamin E)
o Syphilis panel

e Blood and urine toxicology

e Urinalysis

e Lumbar puncture (opening pressure, CSF
glucose and protein, CSF white blood cells and
red blood cells, gram stain and culture, acid
fast bacilli smear and culture, fungal
microscopy, meningitis multiplex/tetraplex
panels, cytology, oligoclonal band)

e Autoimmune encephalitis panel

e Serum paraneoplastic panel

Radiological

Neuroimaging
o CT brain
e MRI brain and angiogram

Systemic infection
o Chest X-ray

o CT thorax, abdomen, pelvis

Others
o Electroencephalogram
e Electrocardiogram
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Traumatic

Vascular

Extra-dural hemorrhage
Subdural hemorrhage
Subarachnoid hemorrhage
Intracranial hemorrhage
Traumatic brain injury

Atraumatic

Hypertensive encephalopathy

* Hypoperfusion (shock)

* Cardiogenic (myocardial
infarction, heart failure)
Hypovolemic

Obstructive

Distridbutive (septic,
anaphylactic, neurogenic)

Ischemic brain infarct
Intracranial hemorrhage
Subarachnoid hemorrhage
Tumor

Hydrocephalus

Primary central nervous
system (CNS) infections
(meningoencephalitis, brain
abscess)

Seizures

Inflammatory (e.g.
autoimmune encephalitis,
collagen vascular disease,
cerebral lupus, sarcoidosis)

Infection

Primary CNS infections
Systemic: sepsis, pneumonia,
urinary tract infection,
hepatobiliary sepsis etc.

Others

Constipation
Urinary retention
Pain

Metabolic / Endocrine Drugs
* Electrolyte imbalances —
hyponatremia / hypernatremia, * Alcohol
hypocalcemia / hypercalcemia * Amphetamines
» Acidosis * Anticorvulsants
+ Organ failures * Benrodiazepines
* Lungs (hypoxia, hypercapnia) X ?"’Pm
. o > ocane
* Liver (hepatic encephalopathy) . Opioids
W it * Lithium
* Thyrotoxicosis / myxedema coma * Phencyclidine
* Diabetic ketoacidosis / * Selective serotonin
hyperglycemic hyperosmolar reuptake inhibitors (SSRis)
syndrome * Tricychc anti-depressants
* Hypoglycemia / neuroglycopenia :
. Wperamm"ia mw
« Vitamin deficiencies: B12, folate, S :__‘:;‘:,‘mm
thiamine (Korsakoff-Wernicke .« SSRIs
encephalopathy), micronutrients
* Temperature - hyperthermia / Rare drug syndromes
hypothermia * Neuroleptic malignant
* Porphyria syndrome

* Serotonin syndrome
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Date

December 23, 2021

January 1, 2022

January 13, 2022

January 14, 2022

January 18, 2022

January 19, 2022

January 21, 2022

January 22-30,
2022

January 31, 2022

February 1, 2022

February 4, 2022

February 8, 2022

February 9-March
14,2022

March 15, 2022

Events

e Found to be significantly malnourished at a
routine clinic review

o Admitted for inpatient enteral nutrition support

o Developed altered mental status
o Biochemistry panel sent for evaluation of altered
mental status

= Hyperammonemia (144 umol/L),
hypophosphatemia, micronutrient deficiencies

= Coronary angiogram done in view of new
anterolateral ST segment elevations on ECG and
raised troponin levels
e Coronary angiogram negative for significant
coronary vessel occlusion

= Diagnosed with stress cardiomyopathy with a
depressed ejection fraction of 25%

e GCS gradually dropped from 15 to E3V5M3
e Hypoglycemia (capillary blood glucose
2.0 mmol/L) detected and corrected, but no

improvement in mental status

o CT brain performed for altered mental status and
worsening GCS—normal

o Developed hospital-acquired pneumonia and
urinary tract infection, started on broad-spectrum
IV antibiotics

e GCS dropped further to 3

o EEG performed for altered mental status and
worsening GCS—severe diffuse encephalopathy with
generalized triphasic waves suggestive of metabolic
encephalopathy

e MRI brain performed for altered mental status and

worsening GCS—normal

o Developed type 2 respiratory failure from severe
hospital-acquired pneumonia

= Intubated and sent to ICU
o Initial impression was septic encephalopathy
secondary to bilateral hospital-acquired pneumonia
o Worsening hyperammonemia—peak 234 umol/L

o Started on hemodialysis for ammonia clearance

e No improvement in mental status despite adequate
treatment of hospital-acquired pneumonia

e Ureaplasma blood culture sent on January 27,
2022, started on empirical Minocycline

® Repeat biochemistry panel, EEG and neuroimaging
done—significant for hyperammonemia and severe
diffuse encephalopathy likely from metabolic causes
e Metabolic panel for urea cycle disorders
sent—normal

o Liver duplex ultrasound performed for evaluation
of possible shunt as a cause of
hyperammonemia—possible right portal vein
thrombosis

e Underwent a percutaneous transhepatic biliary
drainage (PTBD) and portal vein angioplasty and
stenting for possible portal vein thrombosis

e Ammonia levels improved transiently to

74 umol/L after the procedure, but rose back up
again

e No improvement in mental status

e Lumbar puncture performed—CSF biochemistry
panel normal, CSF cultures normal, syphilis screen
negative, autoimmune encephalitis panel normal,
paraneoplastic panel normal

e Mental status started to improve

o First Ureaplasma blood culture sent on January 27,
2022 returned as positive

o 1 week of Minocycline completed

o Second Ureaplasma blood culture sent

o Started on Azithromycin

© Mental status continued to improve, gradually
returned to her normal baseline

o Suffered a series of nosocomial and opportunistic
infections—intra-abdominal sepsis from PTBD leak
and cytomegalovirus colitis, catheter-associated
urinary tract infection, candidemia

o Developed acute respiratory failure with
hemodynamic instability from new severe
pneumonia and fluid overload

o Passed on day 83 of hospital stay
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PLT(x10%/L)
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hsCRP (mg/L)
ICU Days

Respiratory support

2.67 115 3.36
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76.76 271.33 >250
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conventional microbiologic | performed.
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Primary medication
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Treatment
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Symptoms onset

Days -25

SARS CoV-2 RT-PCR (+)

Worsening SOB

Discharge

hospitalization

-5

COVID-19 pneumonia

AST 20 U/L
ALT 43 U/L
Ferritin 600 pg/L

Noninvasive ventilation
tofacitinib/remdesivir/
dexamethasone

Abdominal
pain

readmission

>

SARS-CoV-2 RT-PCR (-)
AST 13680 U/L

ALT 7750 U/L
Ferritin 98,821 ng/L

Acute liver injury
VRE bacteriemia
Respiratory failure

ICU admission
Mechanical ventilation

HSV-1 PCR (+)
HSV-1 IgM (+)

Rash
Pneumonitis

Acyclovir IV

Death

11

Fibrinogen 133 mg/dL

Ferritin 57,722.8 pg/L
Triglyceride 361 mg/dL

Hg 7.1 g/dL, platelets 49 K/uL,
WBC 3.0 K/uL

Coagulopathy
HLH
Refractory shock

Dexamethasone IV
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Laboratory test (normal ranges, units) Results

WBC count (3.99-11.19 K/pL) 3.00
RBC count (3.91-5.04 M/pL) 3.76
Hemoglobin (11.4-15.2 g/dL) 11.1
Hematocrit (34.9-44.3%) 332
Platelet count (150-393 K/pL) 42
PT (11.9-14.25) 32.1
INR (0.9-1.1) 32
PTT (24.0-34.3 s) 66.2
Creatinine (0.50-1.20 mg/dL) 5.45
Bilirubin direct (<0.3 mg/dL) 1.2
Bilirubin total (<1.5 mg/dL) 2.1
ALP (32-126 U/L) 181
ALT (9-48 U/L) 7,750
AST (10-39 U/L) 13,680
Ferritin (10.0-291.0 ng/mL) 98,821
LDH total (100-190 U/L) 16,190
Triglycerides (<150 mg/dL) 126

WBC, white blood cells; RBC, red blood cells; PT, prothrombin time; INR, international
normalized ratio; PTT, partial thromboplastin time; ALP, alkaline phosphatase; ALT,
alanine transaminase; AST, aspartate transaminase; LDH, lactate dehydrogenase.
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WBC count
Hemoglobin
BUN
Creatinine
pH

pco,

pO:

WBC count measured in 10°3/juL, Hemoglobin is measured in g/dL, BUN and Creatinine are measured in mg/dL, pCO; and pO; are measured in mmHg. WBC,

Blood Urea Nitrogen; pe O3, Partial pressure of arterial oxy;

Admission
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10.29 (Before adsorbent) 10.29 (After adsorbent) 10.31 11.1

Amitriptyline Lapg/ml 1.2 pg/ml 0.6 pg/ml 0.5 pg/ml
Olanzapine 14ng/ml 15 ng/ml Sng/ml 4ng/ml





