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Abstract: Acute respiratory distress syndrome (ARDS) induced by inhalation of zinc chloride remains refractory to 
common treatment. No standard protocols exist for treating it due to its rare occurrence. This case report discusses 
three soldiers who were exposed to a smoke bomb in an enclosed space for nearly 3 minutes. As no protective 
equipment was used, the soldiers rapidly developed ARDS and were subsequently complicated by pneumothorax 
and pneumomediastinum. A combination of comprehensive therapies was used for initial treatment, which includ-
ed a protective lung ventilation strategy, bilateral tube thoracotomy, prone position ventilation, corticoids, etc. As 
adequate oxygenation could not be achieved, we decided to initiate extracorporeal membrane oxygenation (ECMO) 
for them. Oxygenation showed gradual improvement in their health conditions. Arterial blood gas analysis revealed 
increased PO2 and decreased PCO2, indicating an improvement in the ventilatory and gas exchange functions. 
ECMO support was provided for 17 and 21 days respectively, where two patients achieved satisfactory oxygenation 
and ECMO was discontinued. Both survived were discharged from the hospital after approximately 70 days. The 
other patient, whose condition was more severe, died of pneumorrhagia on day 3 of post-accident despite receiving 
the same treatment approach as the surviving patients. These case studies indicate that ECMO may be a successful 
treatment option for patients with severe ARDS experiencing similar disease process/progression.
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Introduction

The white or grey smoke released from a smoke 
bomb has a variety of uses in both military as 
well as civilian contexts. The most common 
components of this smoke include zinc oxide 
and a chloride donor such as calcium chloride 
and hexachloroethane, allowing for the forma-
tion of fine particles of zinc chloride (ZnCl2) [1]. 
Inhalation of smoke containing zinc chloride 
chemicals in confined spaces produces patho-
logical changes in the lungs [2]. Several reports 
have been published from approximately over 
half a century on the detailed examination of 
the injuries caused by inhalation of chemical 
gases [3, 4]. Almost all the victims have died 

because of lack of standard treatment. The 
most recent case reported by Mahboob et al. 
[5] demonstrated successful treatment using 
long periods of high dose steroids and lung pro-
tective ventilation. 

Herein, three young soldiers who developed 
ARDS after zinc chloride inhalation in the main-
land China were examined using extracorporeal 
membrane oxygenation (ECMO). Two of the th- 
ree soldiers survived and were discharged from 
the hospital by implementing the same treat-
ment approach. All procedures performed in 
this report involving human participants were in 
accordance with the ethical standards of the 
institutional and/or national research commit-
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tee and with the 1964 Helsinki declaration and 
its later amendments or comparable ethical 
standards. Informed consent was obtained 
from all individual participants included in this 
report.

Case report

Case 1

A 22-year-old soldier was exposed to ZnCl2 gas 
from a smoke grenade in a tunnel trench for 

approximately 3 minutes without protection in 
March, 2016. On day three in ICU, the CT scan 
showed a progressive deterioration with incr- 
easing consolidations and pneumothorax (Fi- 
gure 1A). He felt chest distress and dyspnea 
occasionally and his arterial blood gases (ABG) 
showed pH of 7.47, PCO2 of 47, and PO2 of 100 
on 80% oxygen (Figure 2A). 

On day 5 in ICU, a chest tube was inserted to 
provide closed drainage of the pleural cavity. 
Mechanical ventilation and brochoscopy were 

Figure 1. (A-D) CT scan results of case 1 and case 2 before (A, B) and after (C, D) ECMO. The triangles indicate 
pneumothorax and the arrow indicate subcutaneous emphysema. (E, F) The pathological findings of lung tissues 
from case 3 revealed acute lung injury and inflammation and fibrosis; (E) The interstitial spaces were filled with 
neutrophils, revealing severe interstitial inflammation; (F) The intraalveolar spaces were filled with red blood cells 
and white blood cells, indicating pulmonary alveolitis.
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performed on day 7 in ICU. Although the patient 
was placed in the prone position ventilation 
(PPV) for 12-16 hr/d, the oxygenation and TcSO2 
showed no clear improvement. So, we decided 
to initiate ECMO on day 8 in ICU. We chose 
venovenous (VV) mode with a 16 Fr tube in the 
right jugular vein and a 22 Fr tube in the right 
femoral vein. The Bio-Medicus Bio-console 560 
perfusion systems (Medtronic, Inc, Minneapolis, 
Minnesota, USA) were used for ECMO. Settings 
for ECMO were as follows: pump speed, 4470 r/
min; blood flow, 5.15 L/min; gas flow, 5 L/min 
and FiO2 of 100%. Heparin was administered to 
maintain the activated partial thromboplastin 
time (APTT) between 40 and 50 seconds. 

ABGs were drawn two times per day and signifi-
cant improvement in PO2 of 146 mmHg was 
seen on the first day. However, daily broncho-
scopic examination showed no obvious chang-
es (Figure 1C). The patient received continuous 
mechanical ventilation, intravenous mepredni-
sone, total parenteral nutrition, sedative 
agents, antibiotics and antifungals, and chest 
tubes remained in the thoracic cavity and 
mediastinum.

After 22 days of ECMO support, the patient 
experienced a progressive deterioration of ar- 

terial oxygenation with independent oxygen-
ation testing. The ABG before withdrawal of 
ECMO was as follows: pH of 7.47; PCO2 of 48 
and PO2 of 148. After discontinuation of ECMO, 
the chest X-ray showed worsened pneumome-
diastinum as the tidal volume (Vt) was 520 mL. 
To prevent the development of pneumomedias-
tinum, the parameters of ventilation were set to 
the lung protection mode. PPV and bronchos-
copy were continued for the patient and trans-
ported to the general ward after 39 days of ICU 
treatment and discharged from the hospital 
after 126 days.

After five months from exposure to zinc chlo-
ride, pulmonary function tests were performed 
and the results revealed a severe diffusion dys-
function and a moderate to severe restrictive 
ventilatory dysfunction. The pulmonary func-
tion results showed forced vital capacity (FVC), 
2.46 L (39% of the predicted value); forced 
expiratory volume in the first second (FEV1), 
2.16 L (50% of the predicted value); ratio of 
forced expiratory volume in the first second to 
forced vital capacity (FEV1/FVC), 87.7% (106% 
of the predicted value); total lung capacity 
(TLC), 3.24 L (48% of the predicted value); diffu-
sion capacity, 62% of the predicted value. The 
mean concentration of exhaled nitric oxide (NO) 

Figure 2. The alteration of pH, pO2, pCO2, Oxygenation Index (OI) and lactate (Lac) for 38 days of case 1 (A) and case 
2 (B) during the ICU stay. The duration of administration of ECMO was shown at the top.
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of him was 25 ppb, which indicated mixed air-
way inflammation.

Case 2

A 23-year-old soldier stayed in the same tunnel 
trench as described in case 1 for nearly the 
same period when the accident occurred. The 
CT scan showed patchy shadows 5 hours later 
(Figure 1B). 

He had a very similar treatment course as 
detailed for Case 1 above. On day 12, ECMO 
was started, and VV mode was applied. ECMO 
settings were as follows: pump speed, 3580 r/
min; blood flow, 5 L/min; gas flow, 5 L/min and 
FiO2 of 100%. On day 2 of ECMO, the catheters 
were replaced because of coagulation (Figure 
1D). After 18 days of ECMO support, blood cul-
ture results showed positive for Enterobacter 
aerogenes. ECMO was removed due to catheter 
associated infection. The patient was dis-
charged after 138 days.

This young man received pulmonary function 
tests at the same time with case 1. His results 
were quite similar with case 1. Exhaled NO 
determinations were also done at the same 
time. The mean concentration of exhaled NO 
revealed 3 ppb, indicating a non-eosinophilic 
airway inflammation.

Case 3

A 24-year-old young man was the leader of the 
group and consisted of 4 soldiers in his team. 
He was positioned closest to the smoke gre-
nade, and was exposed to smoke for over 3 
minutes. He was admitted to ICU directly. As his 
transcutaneous monitoring of oxygen satura-
tion of hemoglobin (TcSO2) could not reach a 
satisfactory level, ECMO was begun on the day 
3 of ICU. There was no improvement in the oxy-
genation level despite ECMO support. On day 6 
of ICU, the patient died due to severe pneumor-
rhagia related to coagulation disorders and 
severe lung damage.

Lung tissue samples from Case 3 were exam-
ined under a microscope. The results showed 
blood vessel congestion, hemorrhagic areas, 
intraalveolar and interstitial edema, reflecting 
the changes associated with acute lung inju-
ries. Hyaline walls, inflammatory cells, and 
aggregations of macrophages and red blood 

cells were seen. Intraalveolar and interstitial 
spacing revealed severe chemical alveolitis 
(Figure 1E). Diffuse alveolar damage, wide-
spread occlusion of micro vessels and micro 
thrombus were detected as well. The inflamma-
tion of bronchiole terminals was also found in 
the biopsy results (Figure 1F). All findings 
revealed acute lung injury and proliferation of 
endothelial cells.

Discussion

In 1945, 10 of 70 patients who were exposed 
to smoke bombs died in the Corradino tunnel 
(Malta) [6]. After this, several other reports on 
ZnCl2 inhalational injuries caused by smoke 
bombs or fire accidents were published from 
various sources. Most of the patients in these 
reports died [3, 4, 6]. Till today, the researchers 
are still working hard to find a successful treat-
ment. However, they revealed that the primary 
damage caused by inhalation of ZnCl2 include 
pulmonary inflammation that progresses to 
respiratory failure, causing ARDS. 

There are few strategies that improve the sur-
vival rates of patients with ARDS induced by 
either chemical (inhaled zinc chloride) or bio-
logical (bacterial or viral infections) factors. The 
published data showed that the core treat- 
ment of ARDS involves lung protective ventila-
tion strategies of high PEEP, low Vt and plateau 
pressure less than 30 cm H2O [7]. In our case 
report, the patients could not obtain a satisfac-
tory TcSO2 when the ventilator settings were as 
above. As early as 2000, Bartlett RH et al. 
shared their experiences at the University of 
Michigan in treating patients with ARDS by 
extracorporeal life support (ECLS) and the sur-
vival rate was 56% in 146 adults [8]. Chian et 
al. in his study reported a survivor in 2010 by 
ECLS [9]. And according to the guidelines of 
extracorporeal life support organization (ELSO), 
ECMO is provided when the risk of mortality is 
50% or greater or during an obvious air leak 
syndrome. The risk of mortality of 50% is 
defined as PaO2/FiO2 (P/F) < 150 on FiO2 > 
90% and/or Murray score of 2-3. Although our 
cases were under high ventilator conditions, 
the PaO2 did not reach a satisfactory level and 
the P/F was below 100. At the same time the 
ventilator causes pneumothorax and subcuta-
neous emphysema, an obvious air leak syn-
drome, revealing the need of ECMO. 
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One important factor in the management of 
ECMO is the pump speed. With the past experi-
ences, the VV-ECMO or ECMO for pulmonary 
support always need longer periods for the 
lungs to recover. To attain this, we need a low 
pump speed for sustaining the ECMO operation 
to prevent blood clots. The gas flow should be 
regulated according to the CO2 level in the ABG 
to keep the gas/blood ratio range between 1:1 
and 10:1. Another key factor involves the man-
agement of anti-coagulation. We used heparin 
in our cases and activated clotting time (ACT) 
for the whole blood to monitor the levels of hep-
arin. During ECMO, the problem about ACT and 
dosage of heparin is always an important con-
cern for the physicians in the ICU. The guideline 
from ELSO described that the dosage of hepa-
rin usage should be regulated based on the 
level of APTT if conflicts exist between ACT and 
APTT [10]. The ideal level of ACT is between 
180-220 seconds and APTT for 40-60 sec-
onds. Besides, PPV is another way to decrease 
the mortality for ARDS [11]. In our cases, pro-
tective ventilation strategy and PPV were imple-
mented upon admission to the ICU and contin-
ued till their ICU stay to maximize their ventila-
tion function.

In the two survival cases, hypoxemia and low 
oxygenation were gradually improved through-
out the treatment (Figure 2). Withdrawing 
ECMO was considered for case 1 who was on 
22 days support and passed the independent 
oxygen testing. Moreover, the ECMO was 
stopped for case 2 as soon as the evidence of 
catheter associated blood infection was found, 
which was an E. coli. This experience showed 
that antibacterial treatment during ECMO was 
still a problem, especially when we used femo-
ral vein in VV-ECMO. The biopsy of the patient 
who died showed acute (eg, edema and hemor-
rhage in the alveoli) and chronic (eg, neutro-
phils and fibroblasts accumulation) inflamma-
tory reactions coexisting in the same tissue. 
This indicated that the management of coagu-
lation and anti-coagulation remains to be key 
points during treatment of ARDS with ECMO.
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