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Abstract 
There has been a dramatic increase in medical complications related to syn-
thetic cannabinoid (SC) use either by water pipe or vaping. The legalization 
of marijuana in an increasing number of states has also resulted in an in-
crease in a number of complications related not just to marijuana, but in par-
ticular, to SC. As a result, there have been recent increased reports of acute 
pulmonary injury related to inhaled SC products. We describe that rarely 
endotracheal intubation with mechanical ventilation has been required to 
treat the acute respiratory distress syndrome (ARDS) and the diffuse alveolar 
hemorrhage (DAH) associated with the acute toxicity of SC inhalation. We 
describe the second reported case of successful utilization of mechanical ven-
tilation and extracorporeal membrane oxygenation (ECMO) in order to treat 
acute pulmonary toxicity caused by SC inhalation by a water pipe. While the 
exact pathophysiology of these interesting and recent pulmonary complica-
tions is unknown, the recent increase in exposure to SC via water pipe sys-
tems and vaping suggests that there will be many more cases of patients that 
will require ECMO as a form of life-saving therapy. 
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1. Introduction 

Emergencies related to synthetic cannabinoids (SC) have increased recently in 
the United States [1] [2] [3]. The legalization of marijuana in states such as Ne-
vada, Maine, Colorado, and California has increased accessibility of SC leading 
to the presentation of medical complications related to SC [4] [5]. The most 
common adverse presentations of SC use include nausea, vomiting, anxiety, 
psychosis, paranoia, and agitation [6] [7] [8] [9]. In addition, there are case se-
ries and case reports of stroke, hypertension, cardiac toxicity, and encephalopa-
thy related to SC inhalation. Specifically, there has been a recent increase in re-
ports of respiratory pathology such as acute respiratory distress syndrome 
(ARDS), diffuse alveolar hemorrhage (DAH), and chronic pulmonary findings 
associated with inhaled SC use [3] [7] [10] [11]. The acute and chronic findings 
of direct pulmonary toxicity do not include the depression of respiratory drive 
caused by SC [4] [5]. In addition to SC induced respiratory depression, there has 
been a recent increase in cases due to direct pulmonary toxicity not related to 
aspiration or infection [3] [7] [10]-[15]. In all the reported cases, alveolar he-
morrhages developed within 48 hours after SC inhalation suggesting a temporal 
relation [7] [10]-[15]. 

Direct pulmonary injury by SC leading to the development of ARDS and 
DAH requiring endotracheal intubation has been reported infrequently [7] 
[10]-[15]. Failure to successfully treat respiratory insufficiency, ARDS, and DAH 
caused by SC with endotracheal intubation and mechanical ventilation is even 
rarer. The utilization of Extracorporeal membrane oxygenation (ECMO) to treat 
such a patient has been reported on only one occasion in abstract form [16]. In 
this first full case report we describe a 21-year-old woman who developed inters-
titial pneumonitis which required endotracheal intubation and immediate utili-
zation of ECMO in order to ensure proper gas exchange. 

2. Case Report 

A 21-year-old African American female with no chronic medical problems or 
past surgical history presented to the emergency department with a 12-hour 
history of dyspnea and hemoptysis. The previous night she inhaled an undocu-
mented amount of synthetic marijuana, known as K2, from a water pipe. Upon 
arrival in the emergency department, the patient’s symptoms included dyspnea, 
hemoptysis, throat pain, central chest pain and fatigue. Social history was posi-
tive for infrequent inhalation of natural marijuana. The patient reports that this 
was her first exposure to SC in any form. She had no known allergies. 

Initial set of vitals showed T 98.5˚F, BP 91/55, HR 99, SpO2 40% - 60%, RR 28. 
Physical exam in the emergency department revealed a patient in severe distress 
with diminished breath sounds and diffuse rhonchi. 

Chest X-ray revealed left lower lobe and right upper lobe infiltrates. CT Chest 
showed similar findings with more involvement of the left lung compared to the 
right (Figure 1). The arterial blood gases were PO2 60 mm Hg, PCO2 52.6 mm 
Hg, and pH 7.21. WBC was 23,000 × 109/L. 
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Figure 1. Sagittal CT chest pre-endotracheal intubation prior to initiation of ECMO de-
mostrating diffuse intestinal edema. 
 

The patient was rapidly decompensating, and a bag-valve mask was used be-
fore rapid sequence intubation. PEEP was set at 20 cm H2O and the SpO2 never 
exceed 60%. Despite these settings, she was unable to maintain adequate ventila-
tion and pulse oximetry oxygen saturation remained in a range of 60% - 70%. At 
this time, the decision to initiate ECMO was made due to the inability to main-
tain adequate gas exchange and a 31 French Avalon veno-venous catheter placed 
(Figure 2). The patient was heparinized prior to initiation. Shortly after, she 
maintained hemodynamic stability with adequate gas exchange. She was decan-
nulated on day seven, self-extubated on day eight, and discharged on day eleven. 
CT Chest prior to discharge demonstrated recovery of the acute lung injury 
(Figure 3). She made an uneventful recovery. Refer to Table 1 for more infor-
mation. 

3. Discussion 

The increased incidence of complications related to natural and synthetic can-
nabinoids has drawn great interest [17] [18]. In this recent time frame direct 
pulmonary toxicity caused by SC has also increased [10] [11] [13] [14] [15]. Our 
patient developed ARDS and DAH as defined by the Berlin criteria. Since our 
patient had bilateral ground glass opacities and bilateral air bronchograms that 
could not be explained by another condition, our patient conformed to the di-
agnosis of ARDS and DAH [19]. These opacities were not caused by cardiogenic 
pulmonary edema since the echocardiogram was normal. The patient had sig-
nificant impairment of gas exchange. Medical history revealed the only risk fac-
tor for the development of ARDS and DAH in this patient was SC inhalation 
that night and late morning prior to admission. 

Initial blood gases following endotracheal intubation revealed profound hy-
poventilation despite high level of pulmonary compliance. During endotracheal 
intubation, pink, frothy sputum emanated from the trachea. Although  
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Table 1. Sociodemographic information and clinical presentation of the patient. 

Sociodemographics 

Age: 21 y/o 
Gender: Female 
Onset: SC use 12 hours before admission 
Previous SC Use: Patient denies 

Clinical Presentation 

Temperature: 98.5 Fahrenheit 
Blood Pressure: 91/55 mm Hg 
Heart Rate: 99 beats per minute 
SpO2: 40% - 60% after rapid sequence intubation 
Respiratory Rate: 28 respirations per minute 
Blood Gas: pO2 60 mmHg, pCO2 52.6 mmHg 
pH: 7.21 
Lactate: 3.8 mmol/L 
Procal: 0.43 ug/L 
Sed rate: 23 mm/hr 
Influenza: Negative 
BUN: 13 mg/dL 
Creatinine: 0.74 mg/dL 
Glucose: 136 mg/dL 
CO2: 24 mm Hg 
Chloride: 104 mEq/L 
Potassium: 3.8 mEq/L 
Sodium: 139 mEq/L 
Leukocyte Count: 23,000 × 109/L 
Base Deficit: 7 
Echocardiogram: Negative 
Clinical Observations: Acute respiratory distress with 
frothy pink sputum arising from airway during intubation 

ECMO and 
Ventilation Settings 

Initial Ventilation Settings (prior to ECMO): 
FiO2: 100% 
PEEP: 20 
Respiratory Rate: 14 breaths per minute 
Tidal Volume: 400 ml 
SpO2: Never exceeded 60% 
Ventilation Settings (on ECMO): 
FiO2: 40% 
PEEP: 5 cm H2O 
Respiratory Rate: 8 breaths per minute 
Tidal Volume: 400 ml 
ECMO Settings: 
31 French Avalon veno-venous catheter 
Rate: 4.56 L/min 
FiO2: 100% 
Sweep: 3.5 L/min 
Mixed Venous: 77.1% 
Activated Clotting Time (ACT): Above 200 
Duration: 7 days 

Time to Clearance 
of Images 

15 days from admission to final CT Chest 
(Figure 2 & Figure 3) 

Complications None, patient made an uneventful recovery 

 
PEEP and pressure support settings of mechanical ventilation were high, this pa-
tient was unable to ventilate and maintain oxygenation adequately. Therefore, it 
was determined that this patient should be placed on VV-ECMO which was 
done within one hour following endotracheal intubation. Endotracheal intuba-
tion was not associated with aspiration. 
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Figure 2. Chest X-rays immediately post placement of 31 French Avalon veno-venous 
catheter for ECMO. 

 

 

Figure 3. Sagittal chest CT post-ECMO, post-extubation showing recovery prior to dis-
charge. 
 

There were gradual improvements in the patient’s condition following place-
ment on VV-ECMO. The patient made an uneventful recovery, improving both 
clinically and radiographically. 

Few case reports of diffuse lung injury caused by SC requiring mechanical 
ventilation have been found [10] [11] [13] [14] [15]. Many reports have focused 
on the depressive effects of SC on respiratory drive [12]. In these patients chest 
x-rays were unremarkable because the effect of SC was on the central nervous 
system’s control of respiratory drive rather than the lung parenchyma itself. 
Since 2019, few reports of SC associated diffuse lung injury requiring mechanical 
ventilation have been described [10] [11] [13] [16]. Of these, only one utilized 
ECMO as a form of life-saving bridge therapy [16]. Review of the other cases 
demonstrates similar bilateral alveolar infiltrates, one in which was noted to be 
secondary to diffuse alveolar hemorrhage [10] [11] [13] [14] [15]. There has only 
been one reported case of SC inhaled by water pipe method [10]. Our patient 
used a water pipe similar to the bucket method as described in Yamanoglu, et al., 
2018 [10]. It has been proposed that a higher concentration of the heterogenous 
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toxic metabolites from SC may cause a more direct injury to the lungs with this 
method of inhalation. In fact, synthetic marijuana potency relative to THC can 
be up to 660 times greater [20]. In this particular case, a similar bloody and pink, 
frothy aspirate suggests acute lung injury not caused by other entities [10]. 

This patient remained on ECMO for four days in our care with gradual clini-
cal improvement. She was then transferred to an academic center where, after 
three more days, was decannulated and then self-extubated the next day. The pa-
tient was discharged one week later and made an uneventful recovery. 

Acute pulmonary injury caused by SC inhalation is a rare event but is ex-
pected to become more common [7] [21]. This case demonstrates the severe 
life-threatening and rapid deterioration that may ensue after smoking concen-
trated SC through a water pipe. 

Immediate recognition of impending respiratory insufficiency with the sub-
sequent need for endotracheal intubation and provision of ECMO for continued 
failure of adequate ventilation and gas exchange must remain an immediate 
priority. With the recent increase in complications of SC reported recently, one 
would expect there will be many more cases to come. 

Radiologic patterns characteristic of SC-induced pulmonary toxicity can be 
defined as diffuse, acute patches of alveolar infiltrates with patchy air broncho-
grams. This classic radiologic presentation is a function of bronchial endothelial 
injury which often presents as a diffuse centrilobular nodule with tree-in-bud 
pattern [7]. This response results in a pattern of injury consistent with organiz-
ing pneumonia. 

Histopathologic findings of organizing pneumonia are also characteristic in 
patients with chronic SC associated lung injury [14]. CT radiograph may show a 
diffuse miliary-micronodular pattern and Chest CT may demonstrate diffuse 
centrilobular nodules and tree-in-bud pattern [7]. For patients who present with 
unexplained pulmonary infiltrates as described above, SC use should be included 
on the list of differential diagnoses. An appropriate history must be taken, and 
drug screen testing may be indicated. 

Little is known regarding the etiology DAH associated with SC. In some cases, 
toxic metabolites have been linked to direct alveolar or bronchopulmonary in-
jury leading to DAH [3]. These reported metabolites have been found to vary in 
chemical makeup and concentrations, resulting in a range of heterogeneous ef-
fects and potency. Testing for these cannabinoids is imperfect. ELISA is limited 
by the number of detectable metabolites and is not commercially available. Re-
cently, a case of DAH associated with the SC metabolite UR-144, UR-144 N 
(4/5-hydroxypentyl) has been published [16]. Because of the direct toxic injury, 
steroids have been administered and may be an effective measure. Further inves-
tigation is needed. 

Cannabidiol (CBD) inhalation products have become increasingly available. 
Common routes of inhalation include water pipes and electronic delivery (vap-
ing) [22]. Recent reports from lay press have raised concerns that vaping CBD 
could be more detrimental when compared to water pipe inhalation due to un-
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known additives such as SC in the vaping solution [23].  

ECMO has proven to be crucial in the management of nicotine vaping related 
pulmonary injuries [24]. With recent CBD vaping trends in combination with an 
unregulated market, early anticipation and intervention with ECMO may be 
crucial and possibly lifesaving going forward.  

4. Conclusion 

Acute pulmonary toxicity causing severe injury and requiring mechanical venti-
lation is an uncommon phenomenon. We present a case of acute respiratory 
distress syndrome in a 21-year-old female whose only risk factor for developing 
sudden hemorrhagic pulmonary edema was the recent inhalation of SC through 
a water pipe. The etiology of this injury is not certain and would be challenging 
to determine due to the numerous pneumotoxic metabolites potentially found in 
SC. The immediate deterioration of this patient and her dramatic improvement 
following ECMO suggest that early consideration of ECMO for patients with 
respiratory insufficiency caused by acute pulmonary injury related to SC should 
be considered. Indications for ECMO are evolving. Regardless of etiology, the 
inability to ventilate and exchange gas, particularly in a young patient without 
multiorgan failure, necessitates early utilization of ECMO [25] [26]. 
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