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Abstract  

Background :  F iber-opt ic  f lex ib le bronchoscopy (FFB) is  a  f requent ly  

per formed procedure for  the d iagnosis  and t reatment  of  pulmonary d isorders.  

However,  hypoxemia occasional ly  occurs dur ing FFB. 

Objectives:  We at tempted to examine the causes of  ar ter ia l  oxygen 

desaturat ion dur ing FFB. 

Methods:  We studied 336 pat ients  who underwent  FFB wi thout  in tervent ion 

between June 1,  2001 and September 30,  2002.  Ar ter ia l  oxygen saturat ion 

(SpO 2 )  was cont inuously  moni tored us ing ox imetry wi th a record ing system. 

We analyzed the re lat ionship between a reduct ion in  SpO 2  dur ing FFB and 

var ious c l in ica l  parameters or  background lung d iseases.  

Results:  Of  the 336 pat ients,  73 (22%) had an episode of  oxygen 

desaturat ion (SpO 2  < 90 over  10 seconds) .   Of  pat ients over 80 years old,  

55% had an episode of  oxygen desaturat ion,  which was s igni f icant ly  h igher  

than 27% observed in  the pat ients of  80 and less than 80 years o ld (P <  0.05) .  

Pat ients  wi th  pulmonary f ibros is  had a h igher  r isk of  desaturat ion (55%), 
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compared to pat ients  wi th  other  compl icat ions or  pat ients  wi thout  any 

compl icat ion (P < 0.05) .  Mul t ivar iab le analys is  revealed that  both age and 

pulmonary f ibros is  were independent  predic tors of  oxygen desaturat ion.  

However,  the major i ty  of  the pat ients (94%) d id not  requi re rout ine oxygen 

supplementat ion.  

Conclusion:  A l though FFB is  safe and does not  requi re oxygen 

supplementat ion in  most  cases,  age over  80 years and pulmonary f ibros is  

are h igh r isk factors for  s ign i f icant  oxygen desaturat ion dur ing FFB. 
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Introduction 

Fiber-opt ic  f lex ib le bronchoscopy (FFB) is  a safe and f requent ly  per formed 

procedure for  the d iagnosis  and t reatment  of  pulmonary d isorders.  However,  

hypoxemia has been shown to  occur  dur ing FFB procedures.  Hypoxemia can 

occur  by severa l  mechanisms inc luding oversedat ion,  suct ion ing dur ing the 

procedure,  which can remove oxygen or  decrease lung volumes below 

funct ional  res idual  capaci ty ,  and increased vent i la t ion-per fus ion 

mismatching by bronchospasm, b leeding,  and inst i l la t ion of  f lu ids.  

Hypoxemia is  one of  the most  dangerous compl icat ions because i t  has the 

potent ia l  to  cause card iac arrhythmia [1] .  

S ince the pulse ox imeter  became commerc ia l ly  avai lab le,  moni tor ing of  

oxygen saturat ion dur ing procedures has become rout ine in  most  inst i tu t ions.  

The Br i t ish Thorac ic  Society  recommends that  pat ients  should be moni tored 

by ox imetry and that  oxygen supplementat ion should be adminis tered as 

necessary to  achieve an oxygen saturat ion of  a t  least  90% to  reduce the r isk 
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of  s igni f icant  arrhythmias dur ing the procedure and a lso in  the postoperat ive 

recovery per iod.   

Pat ients  wi th  compl icat ing lung d iseases such as asthma and chronic  

obstruct ive  pulmonary d isease (COPD) have increased r isks of  oxygen 

desaturat ion dur ing FFB [2 ] .  However,  Jones et  a l .  argued that  the major i ty  

of  pat ients,  especia l ly  those wi th a forced expi ratory vo lume in  one second 

(FEV1) above 1 L,  d id not  requi re rout ine oxygen supplementat ion [3] .  

In  the present  s tudy,  we evaluated the ar ter ia l  oxygen saturat ion (SpO 2 )  o f  

pat ients  dur ing the FFB procedure wi thout  in tervent ions and analyzed the 

re lat ionship between oxygen desaturat ion and spi rometr ic  parameters or  

compl icat ing lung d iseases.  

Materials and Methods 

Subjects and study design 

At Hokkaido Univers i ty  Hospi ta l ,  336 pat ients  underwent  screening FFB 

wi thout  in tervent ion between June 1,  2001 and September 30,  2002.  These 
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pat ients  were 231 men and 105 women wi th an average age of  62.1 years 

( range,  18 to 87 years) .  Approximate ly  90% of  these pat ients underwent  FFB 

because of  local ized pulmonary les ions or  hemoptys is .  Of  these 336 pat ients ,  

257 underwent  a  sp i rogram wi th in 3 weeks before or  after  bronchoscopy.  

However,  we exc luded the pulmonary funct ion test  (PFT) data of  those 

pat ients who may have had thei r  PFT data a l tered by the FFB procedure,  

such as those wi th bronchia l  asthma and ate lectas is .   

The data inc luded s low v i ta l  capaci ty  (VC),  %VC, FEV1,  FEV1/ forced v i ta l  

capaci ty  (FVC),  funct ional  res idual  capaci ty  (FRC),  %FRC, d i ffus ing 

capaci ty  for  carbon monoxide (DLco) ,  %DLco,  DLco/a lveo lar  vo lume 

(DLco/VA),  and %DLco/  VA.  

Compl icat ing lung d iseases such as COPD [4,5] ,  asthma, pulmonary f ibros is  

[6-8] ,  sarcoidosis ,  post- lobectomy, ate lectas is ,  and pneumoconios is  were 

a lso rev iewed f rom the pat ients ’ medical  records ret rospect ive ly.  

Chronic  obstruct ive pulmonary d isease was d iagnosed fo l lowing the GOLD 

guidel ine [9 ] .  The d iagnosis  of  pu lmonary f ibros is  was based on chest  
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computed tomography (CT) f ind ings,  which were character ized by 

ground-g lass opaci t ies,  l inear  in terst i t ia l  opaci t ies,  coarse ret icu lar-nodular  

shadows,  and honeycombing.  We used a  mul t idetector  CT scanner  (Aqui l ion 

Mul t i  4-detector,  Toshiba,  Tokyo,  Japan)  for  a l l  CT examinat ions.  

Convent ional  whole lung CT images were acqui red of  5-mm th ick sect ions.  

I f  compl icat ing lung d iseases were suspected f rom convent ional  CT images,  

h igh resolut ion CT (HRCT) wi th  1.0-mm th ick sect ions was per formed for  

those les ions.  The HRCT parameters  were as fo l lows:  1.0 mm  col l imat ion,  

135 – 149 kVp,  100 mA, rotat ion t ime 1.0 sec .

The d i f ferent ia l  d iagnoses inc luded id iopath ic  pulmonary f ibros is  ( IPF) ,  

nonspeci f ic  in terst i t ia l  pneumonia (NSIP) ,  IPF associated wi th co l lagen 

vascular  d isease (CVD),  farmer ’s  lung,  and other  id iopath ic  in terst i t ia l  

pneumonias ( I IPs) .  Sarcoidosis  was d iagnosed accord ing to  the ATS 

guidel ines [10] .   
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 Fiber-optic flexible bronchoscopy 

In  our  uni t ,  supplementa l  oxygen is  not  rout ine ly  g iven to  the pat ients 

undergoing FFB. I f ,  however,  there was a susta ined fa l l  in  oxygen saturat ion 

dur ing the procedure ( i .e . ,  <  90% for  30 sec or  < 80% immediate ly) ,  

supplementa l  oxygen was adminis tered nasal ly  at  a  f low rate between 2 and 

5 L/min to mainta in SpO 2  > 90%. L idocaine was g iven for  local  anesthesia to  

a l l  pat ients .  Pentazoc ine (15 mg) and at ropine sul fa te (0.5 mg) were 

adminis tered in t ramuscular ly.  F iber-opt ic  f lex ib le bronchoscopy procedures 

were per formed by seven pulmonary fe l lows who each had more than 5  years 

of  FFB t ra in ing and who were d i rect ly  superv ised and ass is ted by the 

pulmonary facul ty  in  a t tendance.  

Monitoring of arterial oxygen saturation during fiber-optic 

flexible bronchoscopy  

Arter ia l  oxygen saturat ion (SpO 2 )  was cont inuously  moni tored us ing 

ox imetry  wi th a f inger  probe (PULSOX-5™; Konica Minol ta  Hold ings,  Inc. ,  
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Tokyo,  Japan) .  The data were recorded,  s tored,  and la ter  analyzed us ing 

PULSOX SpO 2  Analys is  Vers ion 2.0a™ software (Stowood Scient i f ic  

Instruments,  Oxford,  UK).  Tota l  examinat ion t ime,  average SpO 2 ,  durat ion 

of  SpO 2  < 90,  durat ion of  SpO 2  < 80,  and min imum SpO 2  were measured.  

The tota l  examinat ion t ime was the per iod between the inser t ion of  the 

bronchoscope and the end of  the f luoroscopic  screening (not  inc luding 

t ransbronchia l  b iopsy and bronchoalveolar  lavage) .  Oxygen desaturat ion 

was def ined to be present  when SpO 2  < 90 cont inued more than 10 seconds.  

Statistical analysis 

Al l  data were processed us ing standard s tat is t ica l  methods wi th  StatView™ 

vers ion 5.0 sof tware (SAS Inst i tu te Inc. ,  Cary,  NC, USA).  Resul ts  were 

presented as mean ± s tandard deviat ion (SD).  Two by two f requency tables 

and the Pearson’s  corre lat ion coef f ic ient  test  were used to est imate the 

re lat ionship between the values obta ined in  sp irometry tests  and SpO 2 .  

Logis t ic  regress ion analys is  was appl ied for  mul t ivar iab le analys is  of  r isk 
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factors for  desaturat ion.  A p va lue of  < 0.05 was regarded as s igni f icant .  

 

Results 

Al l  FFB examinat ions were per formed wi thout  any compl icat ions.  The 

average to ta l  t ime of  screening FFB wi thout  in tervent ion was 9.7  min.  Of  the 

336 pat ients ,  73 pat ients  (22%) had an episode of  desaturat ion (SpO 2  < 90% 

over  10 seconds)  dur ing FFB procedures.  Among them, 19 pat ients  (6%) 

requi red oxygen supplementat ion. 

F i rs t ,  we analyzed the associat ion between percentages of  SpO 2  < 90 and 

age.  Of  the pat ients  over  80 years o ld,  55% had an episode of  SpO 2  < 90 

(compared to pat ients of  80 and less than 80 years o ld,  27%, p < 0.05)  and 

oxygen supplementat ion was required for  18% of  pat ients  over  80 years o ld  

(compared to pat ients of  80 and less than 80 years o ld,  5%, p = 0.067) .  

However,  there were no stat is t ica l  re lat ionships between oxygen 

desaturat ion and var ious c l in ica l  parameters (height ,  weight ,  body mass 
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index (BMI) ,  VC, %VC, FEV1,  FEV1/FVC, FRC, %FRC, DLco,  %DLco, 

DLco/VA, and %DLco/VA).  Pat ients  wi th a FEV1 ≦  1 .0 l  had a h igher  r isk  of  

oxygen desaturat ion compared to  those wi th  a FEV1 > 1.0  l ,  but  the 

d i fference was not  s ign i f icant  (50% vs.  24%, p = 0.056) .  There was no 

s igni f icant  re lat ionship between oxygen desaturat ion and ar ter ia l  oxygen 

saturat ion at  rest .  

We next  examined the associat ion between oxygen desaturat ion and the 

presence of  compl icat ing lung d isease (Table 1) .  Among severa l  

compl icat ing lung d isorders,  pu lmonary f ibros is  was the h ighest  r isk factor  

for  oxygen desaturat ion.  Of  the pat ients wi th pulmonary f ibros is ,  55% had an 

episode of  oxygen desaturat ion,  s ign i f icant ly  h igher  than pat ients wi th  other  

compl icat ing lung d iseases or  no compl icat ions (P < 0.05) .  There were no 

s igni f icant  d i f ferences in  age,  FEV1,  or  other  var ious c l in ica l  parameters 

(height ,  weight ,  BMI,  VC, %VC, FEV1/FVC, FRC, %FRC, DLco,  %DLco,  

DLco/VA, and %DLco/VA) between pat ients  wi th  pulmonary f ibros is  and 

other  pat ients .  However,  e lder ly  pat ients wi th pulmonary f ibros is  seemed to 
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have a h igher  r isk of  oxygen desaturat ion.  Among four  pat ients over  75 years 

o ld wi th pulmonary f ibros is ,  three had an episode of  oxygen desaturat ion 

(Table 2) .  The four th pat ient ,  who was 81 years o ld,  had an episode o f  

oxygen desaturat ion for  a  to ta l  o f  280 seconds dur ing FFB and needed 

oxygen supplementat ion. 

Mul t ivar ia te analys is  revealed that  age (over  80 years o ld)  and the presence 

of  pulmonary f ibros is  were independent  predic tors of  oxygen desaturat ion 

(Table 3) .  

 

Discussion 

In  the present  s tudy,  we analyzed the re lat ionship between oxygen 

desaturat ion dur ing FFB and var ious c l in ica l  parameters or  compl icat ing 

lung d iseases.  As a resul t ,  age and pulmonary f ibros is  were ident i f ied as 

s igni f icant  r isk factors of  oxygen desaturat ion.  Al though the number of  

pat ients might  be smal l ,  th is  is  the f i rs t  repor t  to  suggest  the associat ion 
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between pulmonary f ibros is  and oxygen desaturat ion dur ing FFB. 

As one of  the mechanisms account ing for  hypoxemia in  pat ients  wi th  

pulmonary f ibros is ,  low funct ional  res idual  capaci ty  (FRC) should be 

cons idered.  However,  in  the present  s tudy,  there was no s igni f icant  

d i fference between the level  o f  FRC in pat ients  wi th  pulmonary f ibros is  and 

that  of  the other  pat ients (data not  shown).  On the other  hand,  i t  was 

repor ted that  FRC increased dur ing the FFB examinat ion by the 

augmentat ion of  a i rway res is tance f rom FFB inser t ion [11] .  Moreover,  i t  was 

speculated that  increased FRC mainta ined a i rway patency and prevented 

decreases in  SpO 2 .  However,  FRC might  not  increase in  the case of  

pulmonary f ibros is  compared to  other  compl icat ing d iseases because of  low 

lung compl iance by the f ibros is ,  a l though we d id not  examine FRC dur ing 

FFB in the present  s tudy. 

The Br i t ish Thorac ic  Society  guidel ines recommend checking the sp i rometr ic  

parameters of  pat ients  wi th  suspected COPD before FFB, and i f  the COPD is  

found to be severe (FEV1 < 40% or  SpO 2  < 93%),  the pat ients  should have 
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ar ter ia l  b lood gas tens ions measured.  Oxygen supplementat ion may lead to 

an increase in  the ar ter ia l  PCO 2  level ;  in  cases in which the 

pre-bronchoscopy ar ter ia l  PCO 2  is  ra ised,  oxygen supplementat ion should 

be g iven wi th ext reme caut ion.  Other  condi t ions that  may compl icate FFB are 

asthma,  advanced pat ient  age,  a h is tory of  myocard ia l  in farct ion,  ra ised 

in t racrania l  pressure,  and hemoptys is  [2 ] .  However,  pu lmonary f ibros is  has 

not  been proposed as a h igh-r isk d isease of  oxygen desaturat ion dur ing FFB 

procedures.  The prec ise reason is  not  c lear,  perhaps due to the d i ff icu l ty  in  

d iagnosing pulmonary f ibros is .  Pulmonary f ibros is  inc ludes a wide spectrum 

of  pulmonary abnormal i t ies and in f lammatory d iseases of  the pulmonary 

in terst i t ium. In th is  s tudy,  when we def ined pulmonary f ibros is  only  f rom 

chest  CT f ind ings,  the re lat ionship  between oxygen desaturat ion dur ing FFB 

and pulmonary f ibros is  emerged. 

A number of  s tudies have shown a h igh inc idence of  lung cancer  in  pat ients  

wi th id iopath ic  pulmonary f ibros is  compared to contro l  subjects  [12,  13] .  

Pat ients  wi th  pulmonary f ibros is  should f requent ly  receive FFB and thus, 
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should receive c loser  at tent ion regard ing oxygen desaturat ion dur ing FFB.  

Supplementa l  oxygen is  g iven to a l l  pat ients  dur ing FFB in some inst i tu tes 

[14,  15] .  However,  the data in  the present  s tudy ind icated that  the major i ty  of  

our  pat ients  (94%) d id not  requi re rout ine oxygen supplementat ion, 

suppor t ing the f ind ings of  Jones and col leagues [3] .  

In  conc lus ion,  a l though FFB is  general ly  safe wi thout  oxygen supplement ,  

age (over  80 years o ld)  and pulmonary f ib ros is  are two h igh r isk factors for  

oxygen desaturat ion dur ing FFB. 
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‡ P < 0.05 compared with no complication.

* Mean ± SD.
† Number of patients who had SpO2 < 90 over 10 second during FFB.

Table 1. Complicated lung disease and SpO2 < 90

No. (%) of
No. Age (years)* FEV1 (l)* SpO2 < 90†

Complications

COPD 59 68.0 ±8.9 2.00 ± 0.71 15(25%)

Sarcoidosis 23 44.7 ±18.8 2.65 ± 0.71 6(26%)

Pulmonary fibrosis 18 67.8 ± 7.8 2.05 ± 0.59 10(56%) ‡

Post-lobectomy 16 61.4 ±12.8 1.79 ± 0.60 1(  6%)

Atelectasis 15 65.9 ± 8.6 1.78 ± 0.54 3(20%)

No complication 157 61.8 ±12.9 2.42 ± 0.68 44(28%)

§included patients with bronchial asthma, pneumoconiosis, old pulmonary tuberculosis, etc.

Others§ 48 60.5 ± 18.2 2.26 ± 0.60 8(17%)



Table 2. Characteristics of the patients with pulmonary fibrosis
Age Sex Clinical Diagnosis VC %VC FEV1 FRC %DLco %DLco/VA SpO2<90 SpO2 (%) O2

(year) (l) (%) (l) (l) (%) (%) (sec) at rest Supply

52 F IIPs 2.16 88.5 1.93 1.81 62.2 95.3 0 95.9
52 F IP associated with CVD 1.75 72.3 1.46 1.83 32.0 43.7 0 95.2
59 M IIPs 3.22 97.6 2.26 N.D. 86.6 81.3 0 95.1
63 M IIPs 4.29 128.8 3.26 3.98 87.6 71.3 10 96.7
63 M IIPs 2.94 89.1 2.59 2.21 73.4 85.7 10 96.0
64 M IIPs 2.66 83.6 2.60 3.38 63.0 45.7 0 98.5
65 M IIPs 3.94 122.7 2.82 N.D. 76.8 63.9 40 95.6
67 M IIPs 4.25 127.2 3.23 4.73 63.5 43.6 0 96.8
68 M IIPs 2.71 83.4 1.62 N.D. 45.2 42.0 45 95.2
68 M IIPs 3.23 97.9 2.22 3.11 63.5 49.6 70 97.3
68 M IIPs 3.19 97.9 2.70 3.43 82.2 69.6 0 97.2
69 M IPF 2.98 95.8 2.50 3.31 63.1 58.2 15 97.7
71 M NSIP 1.70 53.0 1.54 1.79 33.5 61.8 95 95.9
71 M IIPs 2.84 91.6 2.31 N.D. 63.3 60.0 10 96.2
71 M Farmer's lung 4.14 119.0 2.93 3.29 63.3 49.3 0 95.2
72 M IIPs 1.84 56.8 1.52 3.34 119.1 110.0 0 94.9

75 F Drug induced pneumonia 1.33 63.3 1.01 N.D. 43.6 74.4 30 94.7
76 F IP associated with CVD 1.67 68.2 1.43 1.51 40.6 70.8 0 94.9
76 F IIPs 1.76 86.7 1.25 N.D. 83.2 107.6 25 94.1
81 M IIPs 2.79 91.8 2.21 3.01 63.4 48.3 280 93.8 +

Abbrevations:IIPs; idiopathic interstitial pneumonias, IPF; idiopatic pulmonary fibrosis, NSIP; nonspecific interstitial pneumonia,
CVD; collagen vascular disease, N.D.; not determined

Lower than 75 years old

75 years old or higher



Table 3. Multivariable analysis of features associated with SpO2 < 90

Odds ratio 95% CI P valueVariable

5.68 1.54 to 20.96 0.009

2.76 1.05 to 7.26 0.039

Age ＞ 80

Pulmonary Fibrosis
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