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Introduction
Total lung lavage (TLL) is a therapeutic 
procedure per formed for treatment of 
Pulmonary alveolar proteinosis (PAP), a rare 
disease with prevalence of approximately 1-2 
per million [1]. In PAP, there is accumulation of 
phospholipo-proteinaceous material in the 
alveoli causing pulmonary gas exchange 
impairment [1]. A thorough TLL results in 
significant improvement of symptoms and 
radiographic appearance of lungs [1]. Lung 
isolation is essential for TLL and oxygenation 
with isolation in diseased lung is often a 
challenge. 
Defective clearance and accumulation of 
surfactant in alveoli in PAP results in poor gas 
exchange and reduced oxygen reserve; thus 
significantly reducing the tolerable apnoea time 
in patients. We used the Transnasal humidified 

rapid-insuff lation venti lator y exchange 
(THRIVE) technique of delivering up to 30 
L/min of heated and humidified air-oxygen 
mi x ture up to 100% Fraction inspired 
Oxygen(FiO₂) for pre-oxygenation and 70 
L/min of same for apnoeic oxygenation during 
intubation. This helped in maintaining oxygen 
saturation and gave extended apnoea duration 
for intubation.
In this case report we review the safety and 
e f f i c ac y  o f  T H R I V E  f o r  t wo  pat i ent s 
undergoing TLL. 
Approval of the institutional ethics committee 
was obtained before submitting the article for 
publication.

Case 1
A 35-year-old female with body mass index 
(BMI) 21.9 kg/m² diagnosed with PAP had an 

oxygen saturation (SpO₂) of 82% on room air. 
Serial Lung Lavage of both lungs five days apart, 
(left lung (with more severe disease) followed 
by right lung); was planned under general 
anaesthesia. A radial arterial line was placed  
pr ior  to  intubat ion for  hemody namic 
monitoring and for serial arterial blood gases 
( A B G ) .  P r e - i n d u c t i o n  A B G  o n  a i r 
demonstrated a pH 7.47, pCO2- 30.9, pO2- 46 
and bicarb 24.1 m mol/l.  
Pre-oxygenation was  carried out by THRIVE 
unit. Oxygen was administered prior to 
induction at 30 L/min with an FiO2 of 100%  
till Saturation improved from 80% at room air to 
97%. Anaesthesia induction utilized fentanyl 
and propofol and cis-atracurium. After mask 
venti lat ion for three minutes w ith 1% 
sevoflurane on 100% oxygen, THRIVE nasal 
cannula was reapplied. The flow rate was 
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increased to 70 L/min with an of FiO₂ 100% 
during the period of intubation. Intubation 
was successful in the second attempt with a 35 
Fr. left double lumen endotracheal tube 
(DLT). There was no fall in oxygen saturation 
during intubation. Position of DLT with 
adequate isolation of venti lation was 
confirmed with fibreoptic bronchoscope 
(FOB). 
The right lung was ventilated with clamp on 
the ventilating port of left side of the DLT. 
A n a e s t h e s i a  w a s  m a i n t a i n e d  u s i n g 
sevoflurane, fentanyl and cis-atracurium. We 
encountered high airway pressure upto 50 
m m  o f  Hg  an d  f a l l  i n  Sp O ₂  to  7 0 % 
intermittently during the procedure, which 
was managed by 100% FiO₂ and suction of 
the ventilated lung. EtCO₂ went up to 48 mm 
Hg during the procedure. At the end of the 
procedure which lasted about 2.5 hrs, the 
DLT was exchanged to a single lumen ET. 
Pat ient  was  then ex tubated once al l 
haemodynamic parameters and gases were 
within normal limits. After extubation patient 
was put on THRIVE again with 30 Lmin�¹ 
with SpO₂ 95%.                  
Postoperatively patient was shifted to ICU 
and her ventilation was assisted with bi-level 
positive airway pressure (BIPAP) overnight. 
With FiO₂ 0.45 the ABG showed a pO₂ of 140 
and pCO₂ of 43 mmol/l.  Remarkable 
radiological clearance of left lung opacities 
along with corresponding improvement in 
patient's breathing pattern was seen next day.  

Case 2
A 40-year-old female BMI 28.14 kg/m²; 
diagnosed with PAP had room air SpO₂ 89%. 
Similar to previous case, serial lung lavage of 
both lungs five days apart (right lung followed 
by  l e f t)  w a s  p l an n ed  u n d er  gen era l 
anaesthesia. Pre-induction ABG with 2 
L/min of O₂ via nasal prongs revealed a  pH of 
7.395, pCO2 of 40.5 mm Hg, pO2 of 96mm 
Hg with bicarbonates(std)  of 24 mmol/l.
Pre-oxygenation was again conducted via  
THRIVE at 30 L/min with FiO₂ 100% until   
SpO₂ improved from 90% to 99%. After 
induction and mask ventilation for three 
minutes, the THRIVE nasal cannula was re-
applied. The flow rate was increased to 70 
L/min with FiO₂ of 100% during the period 
of intubation of trachea with a 35 Fr. DLT.  We 
encountered airway pressures of upto 36 mm 
o f  H g  a n d  f a l l  i n  S p O ₂  u p  t o  9 5 % 
intermittently, which was managed by 100% 
FiO₂. At the end of 2 hour procedure patient 
was extubated and put on THRIVE with 30 
L/min with SpO₂ 100%. 

Postoperatively patient was shifted to ICU 
and her ventilation was assisted with BIPAP 
overnight. Significant improvement in 
ventilatory exchange was seen on post 
operative day one. For FiO₂ of 40%, now PO₂ 
was 143mm Hg with significant clinical 
improvement in ease of breathing.

Discussion
PAP is  characterized by the accumulation of 
phospholipoproteinoceous material in the 
alveoli that stains positive on PAS stain and its 
accumulation leads to compromised gas 
exchange [2,3]. In HRCT of the chest, 
reticulations superimposed with ground glass 
opacities form a crazy paving pattern which is 
characteristic of PAP [3,4]. The most 
effective palliative therapy for PAP is the 
mechanical removal of the proteinaceous 
material via TLL [1, 5-8]. 
THRIVE is the delivery of trans-nasal 
humidified oxygen by high-flow nasal prongs. 
The circuit consists of an air-oxygen blender 
attached to a flow meter, which controls the 
concentration and flow of oxygen delivered. It 
can generate up to 100% FiO₂ at 70 L/min, 
with a positive end-expiratory pressure of 7.4 
cm H₂O. Traditionally, pre-oxygenation has 
been performed by mask ventilation with 
100% oxygen with aim to displace nitrogen in 
the lungs and create an oxygen reservoir. As 
long as a patent airway exists, the difference in 
rate of alveolar oxygen removal and carbon 
dioxide excretion generates a negative 
pressure gradient that pulls oxygen into the 
lungs. This phenomenon is known as 
aventilatory mass flow [9,10]. The concept of 
THRIVE revolves around extension of the 
apnoeic window- the small time frame 
following anaesthetic induction for securing a 
definitive airway [10]. The application of a 
high flow nasal delivery system provides large 
volumes of oxygen to the lungs and creates an 
oxygen reservoir, prevents entrapment of 
room air to ensure continual delivery of a high 
concentration of oxygen and reduces the rate 
of build-up of carbon dioxide. 
Patel and Nouraei used THRIVE for pre-
oxygenation in twenty five patients with 
known difficult airways, and found a mean 
apnoea time of 17 min with no desaturations 
below 90%. Furthermore, two patients 
received THRIVE for the duration of their 
procedures, with apnoea times of 32 and 65 
min [10]. Mir et al studied THRIVE in 
context with rapid sequence induction in 
e m e r g e n c y  s u r g e r y –  T H R I V E 
preoxygenation vs face mask preoxygenation. 
They concluded that THRIVE  prolongs the 

apnoea time significantly and the blood gas 
profiles were similar in both groups [11]. 
Lodenius et al in their study of comparison of 
traditional face mask with THRIVE in 
emergency rapid sequence induction also 
concluded that THRIVE could have superior 
benefits during oxygenation as compared to a 
face mask [12]. Ansari et al  in their study 
found that post operative use of high flow 
nasal oxygen contributed to reduced length of 
hospital stay in elective lung resection surgery 
[13].
PAP patients are prone to rapid de-saturation 
and de-nitrogenation alone is insufficient to 
counter this. THRIVE provides humidified 
oxygen with PEEP which prevents air 
entrapment and alveolar collapse. 
Preoxygenation with THRIVE significantly 
improved the baseline SpO₂ and provided us 
with extended apnoea time for intubation. 
We also utilized the THRIVE post extubation 
to help maintain the oxygen saturation. 
Patients were comfortable with the high flow 
of nasal oxygen. Postoperatively patients were 
shifted to intensive care where BIPAP was 
applied overnight with 40% FiO₂ as requested 
by the pulmonolgist as per their protocol. 
However there is a potential to utilise 
THRIVE postoperatively in intensive care as 
well. 

Conclusion
Our study highlights the benefits of THRIVE 
in PAP patients by extending the apnoeic 
window by improving the baseline SpO₂  and 
delaying de-saturation during intubation by 
continuing oxygen insufflation during the 
period of intubation. 

Clinical message
THRIVE is a relatively newer modality of 
oxygen supplemetation. TLL though not a 
common surgery; is very demanding on the 
anaesthetist. Patients needing TLL often have 
bilateral lung disease with poor lung reserve. 
Lung isolation is essential in such patients and 
placement and confirmation of the double 
lumen tube is often time consuming. Use of 
THRIVE for preoxygenation and during 
intubation helps in maintaining the oxygen 
saturation during intubation and extends the 
tolerable apnoeic duration. Our experience 
highlights the benefits of THRIVE in PAP 
patients by extending the apnoeic duration by 
i m p r o v i n g  t h e  b a s e l i n e  S p O ₂  b y 
preoxygenation and delaying de-saturation 
during intubation by continuing oxygen 
insufflation during the period of intubation. 
We have no conflict of interests.
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