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Successful treatment of severe ARDS caused by
accidental inhalation of nitric acid fumes with
veno-venous ECMO

A case report and literature review
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Abstract

Rationale: The treatment of severe acute respiratory distress syndrome caused by accidental inhalation of nitric acid fu@
is challenging. Few successful cases have been reported in literature. Owing to the development of extracorporeal life support,
extracorporeal membrane oxygenation (ECMO) may play an important role in treatment.

Patient concerns: A 40-year-old man was accidentally exposed to nitric acid fumes for 10 minutes in a factory. Mild throat
irritation and dyspnea occurred 3.5 hours after exposure. Severe dyspnea recurred approximately two hours later. Chest computed
tomography revealed bilateral interstitial edema. Tracheal intubation and mechanical ventilation were provided when the non-
invasive ventilator failed to support the patient. However, his vital signs, respiratory function, and circulation were aggravated.

Diagnosis: Aspiration pneumonia (inhalation of nitric acid fumes), acute respiratory distress syndrome, and hypertension.

Interventions: Veno-venous ECMO (VV-ECMO) was started 6 hours after exposure at the intensive care unit. During VV-ECMO,
hypoxia improved. However, chest radiography revealed aggravated pulmonary edema. Prone positioning under ultrasound
monitoring and high-dose methylprednisolone were administered on the first day. Nebulization and fiberoptic bronchoscopy for
airway management were performed on the second day after the exposure. Pulmonary secretions were significantly reduced 48
hours later.

Outcomes: The patient was weaned off V-V ECMO after 6 days, achieved the standard of extubation after 9 days, and was
discharged without serious pulmonary or infectious complications after 12 days of hospitalization. Three weeks after discharge,
the patient's lung function showed a slight decline in the diffusion function. Two months after discharge, the patient's lung function
returned to normal.

Lesson: Early ECMO combined with prone positioning and visualized management through ultrasonography can better improve
the prognoses of patients and promote lung function recovery.

Abbreviations: ARDS = acute respiratory distress syndrome, BOOP = bronchiolitis obliterans with organizing pneumonia, BP =
blood pressure, ECMO = extracorporeal membrane oxygenation, ED = emergency department, ET = exposure time, HR = heart
rate, PP = prone position, PPL = primary pulmonary lymphoma, RR = respiratory rate, VV-ECMO = veno-venous ECMO.
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(VV-ECMO) treatment at an early time point after exposure
and in a prone position (PP) during V-V ECMO treatment.

1. Introduction

Nitric acid is a strong oxidizing agent. Leakage of nitric acid
occasionally occurs. The inhalation of nitric acid fumes can lead
to toxic pulmonary edema. However, little evidence has been

provided regarding the treatment of diseases caused by acciden- 2. Case report

tal inhalation of nitric acid fumes.!!
Here, we report a healed case of nitric acid fume poison-
ing with veno-venous extracorporeal membrane oxygenation
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Figure 1. Typical image features at 4 hours after exposure time. Pulmonary edema could be observed on the computed tomography (CT) scan. Thoracic CT
disclosed bilateral peribronchovascular ground glass opacity, as well as diffuse interstitial infiltrating shadow.

composed of four volumes of 65% nitric acid. Mild throat
irritation and dyspnea occurred 3.5 hours after exposure.
Approximately 2 hours later, the severe dyspnea recurred. A
noninvasive ventilator with breathing parameters (FiO, 50%;
Pi, 14; Ps, 6) was provided 12 hours after exposure. However,
the oxygenation was not maintained. Tracheal intubation
was performed 24 hours after exposure. However, even when
high-level ventilator support was administered, the respira-
tory function deteriorated rapidly. Thus, VV-ECMO was used
in the intensive care unit. The pre-ECMO survival probabil-
ity was calculated using respiratory ECMO. The APACHE 11
score was 30.

The sequence of events for patients supported by V-V ECMO
is outlined in the following paragraphs.

Exposure time (ET): Incident occurred. The patient was
exposed to fumes of nitric acid for approximately 10 minutes.
He had dry coughing and a feeling of suffocation for a very
short period. At that time, no eye, nasal, or skin irritation was
observed.

Four hours after ET, the patient experienced paroxysms of
cough and shortness of breath. The patient was admitted to
the emergency department of a local hospital. Chest computed
tomography performed at a local hospital revealed bilateral
interstitial edema (Fig. 1).

Twelve hours after ET, the patient was sent to the emergency
department of our hospital with moderate-to-severe respiratory
distress. Physical examination revealed a temperature of 38.5°C,
respiratory rate of 45 breaths per minute, blood pressure of
145/85 mm Hg, and pulse of 136 beats/ min. Room air oxy-
gen saturation was 80%. Noninvasive ventilation was initiated
immediately.

24 hours after ET, the FiO, of noninvasive ventilation was
rapidly adjusted to 100% to maintain oxygen saturation. The
arterial blood gas showed a pH of 7.32 (7.35-7.45), PaCO, of
29mm Hg (35-45mm Hg), PaO, of 56 mm Hg (75-100mm
Hg), and bicarbonate of 15 mmol/L (21-27 mmol/L), indicat-
ing that the patient was rapidly deteriorating into respiratory
failure. The patient was intubated emergently, accompanied
by continuous neuromuscular blockade. Methylprednisolone
(200mg) nebulized with bronchodilators, N-acetylcysteine,
and sivelestat sodium were administered. Two hours after
intubation, the patient's respiratory condition worsened.
Mechanical ventilation with positive end-expiratory pressure
(PEEP) was used. Catecholamines were also administered
(Norepinephrine 0.5 pg/kg/ min).

30 hours after ET: Because of the persistent worsening of
respiratory situation (pH 7.23, PaCO, 78 cmH,O, PaO, 52
cmH,0), inverse ratio ventilation (L:E 2:1, PEEP 10 ¢cmH,O,

FIO, 1.0) was installed. Chest radiography revealed diffuse
infiltration throughout all the lung fields (Fig. 2A). The decision
was made to place the patient on a twin pulse extracorporeal
life support system (BE-PLS: Maquet). A 17-F arterial and 21-F
venous catheter were inserted into the femoral artery and vein
percutaneously using a modified Seldinger method with visual-
ization critical ultrasound. V-V ECMO was set to 2.5 a blood
flow/min with an oxygen flow of 1.5 L/min. This resulted in the
enhancement of oxygen for the next 6 hours and the continu-
ous elimination of CO,. During the initial application of V-V
ECMO, the blood pressure was 114/62mm Hg and the heart
rate was 92 bpm.

Subsequently, the patient required both V-V ECMO and PP
for 12 hours per day for the next 4 days. A tracheal electronic
endoscope was used to remove secretions and bronchoalveolar
lavage fluid.

Day 5: The weaning process was started after successful
improvement of lung function (FiO, 0.3, PEEP 8 cmH,0,
plateau pressure Pplat 17 ¢mH,O). Radiography showed
that the diffuse plaques and infiltration in all lung fields
were reduced, and the costophrenic angle in the left region
was blunt (Fig. 2B).

Day 6: Extracorporeal blood flow was reduced stepwise to
1.5 L/min. The gas flow was tapered mostly parallel to the blood
flow and finally shut off for 1 hours. The patient did not present
with dyspnea or tachypnea. The V-V ECMO was successfully
weaned off V-V ECMO.

Day 8: The mechanical ventilation was withdrawn.

Day 9: The patient was transferred to the respiratory
department.

Day 11: The patient was discharged from the hospital. The
laboratory results of patients at different time points are shown
in Table 1.

Two months after discharge, the patient's lung function
returned to normal (Table 2).

3. Discussion

Inhalation of nitric acid fumes leads to toxic pulmonary edema,
which can be caused by strong stimulation of and corrosive
effects on lung tissue.’! The fumes can damage the surfactant
substances and capillary wall permeability of the lung, resulting
in the enhancement of alveolar wall permeability, which could
cause the body fluids in the capillaries to permeate into the lung
interstitium and alveoli. In addition, the excitement of syn-
thetic nerves can cause spasms of the right total lymphatic tube,
resulting in a disordered lymphatic reflux. Subsequently, acute
lung injury occurs.?!
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Figure 2. The chest X-rays at different times. (A) The X-ray on Day 1 after exposure showed the diffuse infiltration throughout all lung fields. (B) The X-ray on Day

5 after exposure showed that the diffuse plaques and infiltration in all lung fields were reduced obviously, and the costophrenic angle in the left region became
blunt (red arrow).

Laboratory results of the patient in different time points.

D9
D2 D2 D3 D5 D6 D8 Transfer to respiratory
Pre-ECMO  Post-ECMO  Pre-prone position Post-prone position Wean off ECMO Wean off ventilator department

PH 7.23 7.438 7.4 7.436 7.468 7.46 /
PaCo, 78 31 36.5 43.6 42.8 39 /
P/F 52/100 68/50 85/50 91/30 107/50 84 /
HCO,- 22 22.6 29 31 29 /
Sa0, 96 97 97 96 97 /
Scv0, 61 63 76 81 / /
Lactate 2 2.1 1.96 2.1 2.16 /
Hemoglobin 143 129 88 98 115 131
WBC 21 21.68 10.34 15 15.41 15.51
Na+ 144 142.5 150 143 135.5 140
K+ 4.4 412 4.2 44 3.86 39
Bun/Cr / 11.08/145.08 8.4/81 7.36/64.3 7.9/69 7.9/69
ECMO air / 4 4 1 / / /
ECMO Blood / 3.8 4.5 2.5 / / /
MV (Fi02) % 50 50 30 50 / /
Cdyn 29 22 49 / / /
Pplat 22 24 17 / / /
PEEP 10 10 12 8 8 / /

Normal reference ranges: PH (7.31-7.41), PaCO, (41-51 mmol/L), Pa0, (80-105 mmol/L), HCO3- (23-28 mmol/L), Sa0, (95-98%), ScvO, (65%—75%), Lactate (0.35-1.25 mmol/L), Hemoglobin
(120-170g/L), WBC (3.5-9.5x 10%L), Na (137—147 mmol/L), K (3.5-5.3 mmol/L), Bun (3.1-8.8 mmol/L), and Cr (41-81 umol/L).
Cdyn = dynamic lung compliance, ECMO = extracorporeal membrane oxygenation, MV = mechanical ventilation, P/F = the ratio of arterial blood partial pressure of oxygen and FiO,, PEEP = positive end

respiratory pressure, Pplat = plateau pressure, WBC = white blood cells.

At 1 month after discharge, the pulmonary function test showed 19.52 mL/mm Hg/min (77% of reference) DLco. The diffusion capacity is slightly limited.

Results of lung function tests.

3weeks 8weeks
postexposure postexposure
% predicted % predicted
FEV, (1) 3.13 89 3.23 92
FVC (L) 3.77 82 3.75 82
FEV/FVC (%) 83 108 86 113
TLC (L 55 91 6.08 101
RV (L) 1.73 97 1.95 109
DLCO (mL/mm Hg/min) 19.52 77 30.48 119
RAW (cmH,0/L/s) 0.4 135 1.65 114

DLCO = diffusing capacity of the lung for carbon monoxide, FEV, = forced expiratory volume in 1 second,
FVC = forced vital capacity, RAW = airway resistance, RV = residual volume, TLC = total lung capacity.

Based on a search of PubMed in June 2021, we reviewed all
papers using the terms ‘nitric acid fume inhalation, nitric acid
inhalation AND accident, nitric acid inhalation, nitric acid inha-
lation AND toxic, nitric acid AND corticosteroids,’and ‘nitric
acid AND ECMO’. Based on the references in these articles, we
found additional papers on these topics. Sixteen cases of inha-
lation injury to nitric acid fumes were reported in ten articles
(Table 3).3Y Fourteen patients’ exposures were related to
industrial work. Two other cases were exposed during farmer
work and leisure cleaning. In industrial work-related exposures,
four patients were intoxicated during tank cleaning activities
performed without respiratory protection. There were 6 severe
acute respiratory distress syndrome (ARDS) cases among the 16
exposed patients. Of the 6 patients with severe ARDS, four died.
ECMO was used in two surviving patients.



icine

Med

30

Wang et al. ¢ Medicine (2022) 101

= WU ‘[ewou = |u ‘au1g)shofiade-N = QYN ‘Ploe oupu = YN ‘Siuaiied Jo Jsquinu = N ‘alel Leay = YH ‘apuony) uaboipAy = 4H ‘awiy ainsodxe = |3 Juawpedsp Aousbiswa = (3 ‘ainssald poojq = 49 ‘eluownaud Bujziuefio yum suessyjqo

*f186Ins 210RI0U) PAISISSE-08PIA = GV ‘UoNeINIes UabAxo = °0ds ‘ejes Aiojelidsal = Hy 014 pue uabAxo Jo ainsseid [eied poojq [BLBLIE JO Ol &Y = 4/4 ‘pauonuall 10U

I4ouoiq = 4o0g ‘aInsodxa Jele = Iy

9% | 4/d ‘Bwapa Areuow|nd pue sajen|iul
Areuownd [eselefq :ey-x ‘(%0¥ 014) %26 ‘0ds

J8je| yjuow J0Je|Ipoyduo.q Yim pajeas) pue U903 /8 :d U :dg -¥E HY :Ue8Iq JO SSauLoyS
auo uopouny Bun| u yum abreyasiq ‘glnuued [eSeU Aq usbAxo [pluswalddng EIETEN ] pue Buiybnod Jo swisAxoted :3y Yz | auou 3y BN L 6 102:[e 18 Uspes|\ oL
B|nuURI [eseu Aq uabAxo [eyuswa|ddns
‘P 0€ Joj paonpal Ajjenpesd ‘(p 6€ 1 :°0d ‘98 "tH ‘%96 0} paydea
3v Aep YIS | ay1 e pableyosip ¢ 10} Alsnouanenul p/Bw 00g) °0dg pue UaBAX0 UIW/T9 UM YSeW JaUjesigal-uou wu ;1 3:6uneid |yolu
puUe ‘p 6 Jaye uonouny bun [ewon Adesayy asind suojosiupaidifyia PN 92 Y :3V U | uyiealq Jo ssaupoys pue Buiybnod :3y  $S8|0.108j3:Wu :yN £ 0G:8[eIN L @/ 10Z'[e 18 0pIy 6
SISB1081LoU0.q
ypuow Jayjoue Aliea yum Buon [elyouelqiad pue [enisial i[9
10} Ajrep B G 01 paonpal pue ‘sypuow '$9seq Bun| yl0q Ul puNo} 81am SaPIBI) "SpIeMIdYe U :13:6uiues|o
oW @ Jaye uonouny Bunj [ewion 8 10} 8U0J0SIUPald 004 :Asdoig SIVA PIIN sfep [e1anas BulybBnoa sem woidwAs 18114 “auou 3y MUBLIWU YN £ 0GoleIN L W 10Z: e 18 997 e}
"/'€¥ t4/d "sbun| yloq Ul seoedo
sse|f punoib pue selesijul [ennsIalul asnyip uw G
fep yy2 our1e OWO3 Res-X WEL H F2/0v | dd ‘82 Y uoneioss  :13:Buneidonos|3iuu
Jv yeam pig 1e pableyasig W0J} paueam pue 3y 4 i 18 pajeqniy| 919naS  Ay10l) pue sIsoueAd 13y U G gz BaudsAp 1eoyl pjiw 13y YN WIN‘BeN L w2102 e 18 997 /
aula)sholfiaoe-N
pUE SI10JB|IPOYIU0I] YIiM paziingau
pue sopoignue ‘auojosiupaldifyaiu ysew usbAXo Moy ybiy yum %88 “0ds wy—0v
Ul payeal) sem juaiied ay] “p i Jaye Y :0Mj} J8U10 8Y | "eIX00AY Pliw PEY WY} JO U uiw | :13:buiuesio 96002
Jv Aep Y1/ 18 pableydsip UsW € |y 10 paueam pue pajegniul Sem auo AjuQ PIIN ‘ybnod AIp pue eaudsAp yum paseadde wayy Jo ||y SUBLEWU YN £ 82/58/05 s3I\ [ ‘e 18 IwysyeeAer 9
uopesuadwodsp °0 %001 18 %SBW U0 7 :4/d
fio1elidsal pue olweuApowsy ‘ewapa Areuow|nd :3y Y G'|u :YH pue 4g ‘e Wool ulw G ;1 3:6uiues|o
0}8np 3v y g 1e pald Jvuolle E%Q:E_ 81anaS U0 %/6 “0dS '8 :HH ‘(3 18 eaudsAp 3y U p'auoN Iy MUBL:%0/ “YN £ 998/ b @B800¢:[e 18 Aydinjy S
usbixo
MOJ-YBIY Uy pateal} Sem Jaylouy
3y fep (U1 J8ye o pauesm) loje[iusn G82 4/d ‘Buimopeys [elaieliq :Ael-x ‘0e—1¢ uw o1 :3nds
UIG U3 e pabieydsip alam Ulog SAISBAUI-UOU UHM Pajess} Sem Wy} Jo auQ PN :4Y “eaudsAp :q3 1€ Yz | uoos Bumiwon pue ybnod :Jy S9WIN4:%89 ‘YN K2e//2's9_IN 2z 118002 [e 18 OBYf 12
Iv fep uig | aup
1e pabieydsip pue ‘p g oy OND3 pasn os[e sem auIgysAojf1ae -N uu g
10 JUSWIIBAL} BUY Y)IM 8ndsal 31 pue ‘Jy U/ 18 QDT UM palesn #G-1G :4/d ‘ewapa Areuownd aianas 13nds sawn4:%Gg
Sem Jsylouy '3y Y G'¢ Je paip suQ Sem Wayl Jo suQ’pajegniul 8iem yiog 9laneg Res-x ‘wEL'9LL YH 72/0F | 'GG/98 :dd IV Ug ‘4H ‘%S9 ‘YN Key//eisoeIN 4 12002-B 18 UlyS €
v Aep Uy oL 1e ainjre
fioyelidsal Aojoelgal wouy paip 86 :4/d ‘Bwapa
Juaned 8y o1Wwayas| aweossq b Jyuge Areuow|nd :Ael-x ‘001 ‘YH ‘(s1usbe annaoroSen) uiw g |: 34nds 01,661
1yBL BUp :0WDT J0 UoREDIWOd YL OWJT UNM paleal pue ‘Jy Y€ e pajedniul SEIEN 09/02 | :dg 13V Y | 'ssansip Aiojelidsel :3y uiw 0g S8LN4:%89 VN A 9gtalen L J[e 18 Ing seaipuy ¢
ewapa Areuow|nd pue uiayed Jejoaae asnyip :Ael-xX
(wu °014) 8G-2€ “0d '891-001 WH ‘vv-82 Y
IV U6 1B pareqniul alam siaylo “UInow pue asou ayy woly Buideass pinyy Ayiody yum uw G 34nds
3 Yt Ulupm paip sjusied € Iy 8U} ‘I Y 2 e pareqniul sem wa Jo suQ 9J9NaS anouefd :3y U 6~ eaudshp Buisesaioul (e :3y 49— SOWN4'%89 YN A Lg/hy/9g'saeN € ©0661:[2 18 ejafeH L
S3Woong juswieal] UOKBIISSEe|D suofe)sajiuew [eajuljy |3 pue wuoj joejuod abe pue sapusy  (N) sieal ainjesay
sayy ‘uone.uaau0d Jaquinu ysijqnd pue Joyny
uonejeyuj jusned

‘p1oe oMU Jo Ainful uoneeyul Ylim SaSeD JO MIIASA ainjela)l]




Wang et al. ® Medicine (2022) 101:30

Shin et al reported that patients who were treated early with
ECMO combined with N-acetylcysteine after nitric acid inhala-
tion were weaned from ECMO after 8 days and discharged nor-
mally after 18 days in 2007.1" Lee et al reported a patient who
was weaned from ECMO for 7 days and discharged without
complications in 2014. In our case, lung compliance and oxy-
genation were significantly improved on the fifth day, ECMO
was withdrawn at 7 days, and the patient was discharged suc-
cessfully on the 12th day. The pulmonary function was slightly
limited. Two months after discharge, the patient's lung function
returned to normal. The use of early extracorporeal life support
before the aggravation of tissue hypoxia is very important in
patients with inhalation lung injury.!*2!

Some studies have suggested that PP treatment with
VV-ECMO support should be considered in these patients.!'3!*
PP can not only can promote sputum drainage, especially in
chemical inhalation pneumonia, but also can avoid gravity
dependent zone atelectasis. By improving oxygenation, hemody-
namics can expedite weaning.'>!¢ The use of PP is an important
reason for the rapid withdrawal of ECMO in this patient. This
phenomenon has not been reported previously.

Another important method in the treatment of the patient was
visualized management using ultrasound. Critical ultrasound
has transformed ECMO from technology to precise manage-
ment.!'781 Extracorporeal Life Support Organization showed
that ultrasound was mandatory during the initiation of ECMO.
Cannula insertion, hemodynamics, monitoring, and detection
of complications can be assisted with ultrasound to shorten the
operation time of ECMO.["! Left room pressure, monitoring of
lung B-line conditions, and dynamic adjustment of patient capac-
ity were assisted by ultrasound. In our case, the chest radiograph
showed rapid improvement in pulmonary edema, depending on
dynamic cardiopulmonary ultrasound assessment. We recom-
mend visualizing critical ultrasound intervention in the manage-
ment of all ECMO patients to avoid inappropriate interventions
and achieve better implementation of precision treatment.

4. Conclusion

Severe ARDS caused by nitric acid inhalation is rarely associ-
ated with inhalation pneumonia. Early ECMO combined with
PP and visualized management through ultrasonography can
improve the prognosis of patients and promote lung function
recovery.
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