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Correlation of the SpO2/FiO2 (S/F)
ratio  and the PaO2/FiO2 (P/F)  ratio in
patients  with COVID-19 pneumonia

Correlación de  la  relación SpO2/FiO2 (S/F) y la
relación PaO2/FiO2 (P/F)  en pacientes  con
neumonía COVID-19

Dear  Editor,

The  clinical  spectrum  of  SARS-CoV-2  infection  varies  widely

ranging  from  asymptomatic  infection  to  severe  viral  pneu-

monia  with  respiratory  failure.1 Some  patients  of  COVID,

who  develop  respiratory  failure  have  hypoxemia  but  without

signs  of  respiratory  distress  also  termed  as ‘‘silent  hypox-

emia’’.  This  silent  hypoxemia  may  be  responsible  for the

quick  deterioration  because  it gives  a false  sense  of  well-

being  even  when  the  oxygen  debt  is  actually  increasing.2,3

This  mandates  regular  monitoring  of  oxygen  levels  in  these

patients.  SpO2/FiO2 (S/F)  ratio has  been  found  to  have

good  correlation  with  PaO2/FiO2 (P/F)  ratio in adult and

pediatric  patients  with  pneumonia,  acute  respiratory  dis-

tress  syndrome  (ARDS)  and  acute  lung  injury  in various

studies.4---6 However,  in COVID  patients,  there  can  be dis-

cordance  between  S/F  ratio and  P/F ratio  due  to  multiple

reasons  like  shift  of oxyhemoglobin  dissociation  curve  to  left

or  right,  inaccuracy  of  SpO2 at lower  levels  of  saturation

and  during  critical  illness.7 Moreover,  the  linear correlation

between  SpO2 and  FiO2 is  lost when  SpO2 is  100%  and  even

the PaO2 cannot  be  estimated  when  SpO2 is  100%.

The aim of this  study  was  to assess  the  correlation

between  S/F  and  the P/F ratios  in  patients  with  COVID  pneu-

monia  requiring  oxygen therapy  and  to  find  whether  initial

S/F  ratio  on admission  can  indicate  the requirement  of  inva-

sive  mechanical  ventilation  (IMV)  later  in the course  of  the

disease.

This was  a prospective  observational  study  conducted

in  tertiary  care  COVID  center,  AIIMS,  India  after  ethical

committee  approval  (IEC-856,4.9.20  dated  14.10.20).  Adult

patients  of  ≥18  years  of  age  suffering  from  moderate  to

severe  COVID  (RT-PCR  positive) requiring  oxygen  support  or

IMV  admitted  in the  intensive  care  unit  (ICU) were  included

after  consent.  The  patients  were administered  oxygen  with

different  interfaces  as  per  their  baseline  SpO2 and  clini-

cal  condition  to  target  SpO2 92---94%  (88---92%  in patients

with  COPD)  (life  scope  bedside  monitor  from  nihonkohden

BSM-37630  series).  The  first  arterial  blood  gas  (ABG)  analy-

sis  (werfen  diagnostic  corporation,  Gem  premiere-3000)  was

done  at  the  time  of admission  to  ICU,  and  subsequent  anal-

ysis  were  done  according  to  clinical  condition  of  patients

at  the  physicians  discretion.  No  specific  time  points  was

selected,  however,  ABG  s  were  done  at different  FiO2 in

the  same  patient  were  recorded.  The  FiO2 and  SpO2 were

noted  at  the  time  of  ABG  analysis.  The  FiO2 delivered  with

standard  facemask  was  calculated  as  0.4  with  5---6  l of  oxy-

gen,  0.5  with  6---7  l and  0.6  with  >7 l of  oxygen  flow  and

with  non  rebreathing  mask  (NRBM)  as  0.9  with  12---15  l  of

flow.  The  exact  FiO2 was  set  on  the high  flow  nasal  cannula

(HFNC)  machine  and  non  invasive  ventilation  (NIV)  machine

according  to  the patient  requirements.  The  demographic

data,  vitals,  FiO2,  S/F  ratio  and P/F ratio and outcomes  were

noted.

Assuming  significant  correlation  with  r = 0.65,  the  calcu-

lated  sample  size  was  80  for  80%  power  with  5% level  of

significance  at  two  sided test.  A total  of 80  patients  were

enrolled  in this  study  and  249 observations  were  noted.

Data  was  analyzed  using  Statistical  software  packages  IBM

SPSS,  version  21.0.  The  correlation  between  S/F ratio  and

P/F ratio  was  established  using spearmann  correlation  coef-

ficient  and  linear  regression  test  was  used to  develop  the

equation  for S/F  and  95%  confidence  interval  were  reported.

The  mean  age  of study  population  was  52  ±  13  years  and

65%  were  males.  Out  of  80  patients,  60  had  comorbidities,

diabetes  mellitus  being  the  most  common.  The  initial  res-

piratory  support  varied  with  37.5%  on  facemask,  28.7%  on

NRBM,  8.7%  on  HFNC/NIV  and  25%  on  IMV  (Supplementary

file  1). The  mean  initial  S/F  ratio  of  the  patients  was

159.77  ±  72.14  and  mean  P/F  ratio  was  147.86  ±  103.26.  A

scatter  plot  of S/F  and  P/F  ratios  [249  observations]  demon-

strated  a  linear  correlation  (Fig.  1). The  value  of  r was  0.86,

almost  similar  as  in  study  by  Rice  et al.9 (r  =  0.89)  indicating

a positive  correlation.

The  SF ratio  could be  predicted  well  from  PF  ratio,

described  by the linear  regression  equation  SpO2/FiO2 =  0.80

(PaO2/FiO2) + 59.8  [95%  CI  for regression  coefficient

0.71---0.89].  Based  on  this  equation,  SF ratio  of  219 and 299

corresponds  to PF  ratio  of  200 and  300 [p  <  0.001]  which  is

similar  to  results  by  Rice  et  al.9 (S/F ratio  of  235 and 315

surrogates  for  P/F ratio  of  200  and  300).  Rice  et  al.9 had

included  patients  with  ALI/ARDS  due  to  various  causes  like

sepsis,  trauma,  pneumonia  and  aspiration  and those  who

were  on  IMV as  per  ARDS  net trial  protocol,  whereas  we

included  patients  on  oxygen  as  well  as  patients  on  IMV.

Recently,  Fukuda  et  al.8 reported  that  S/F  was  useful  for

predicting  the clinical  outcomes  in mechanically  ventilated

patients  with  acute  hypoxemic  respiratory  failure  with  bilat-

eral  opacities.  Similarly,  Choi  et  al.9 reported  S/F  ratio  on

admission  as  a strong  predictor  of  occurrence  of ARDS  in

COVID  patients  requiring  oxygen  therapy.

We  examined  whether  initial  S/F  ratio  can  indicate  the

requirement  of  IMV.  In our study, 19  out of 60  patients

required  IMV  later  in the  course  of  the disease  (ventilated

group)  and  41  did not  (non ventilated).  We  compared  these

two  groups  (Table  1).  There  were no  differences  in the  demo-

graphic  characteristics,  initial  S/F  ratio  and  P/F ratio,  in  the

two  groups,  however,  the ventilated  group patients  were  sig-

nificantly  more  tachycardiac  and  tachypneic  on  admission

pointing  to  the fact  that  patients  were able  to  maintain  oxy-

genation  in the initial  phase  of the  disease  at  the expense

of  tachypnea  and  use  of  accessory  muscles.

The  median  initial  S/F  ratio  [147.5  (71---333)]  in our

cohort  was  much  lower  than  in  the study  by  Choi  et  al.,9

(287.5  and  452.4)  indicating  patients  were  more  hypoxemic

and  in advanced  disease  in our  study  probably  owing  to  the

delayed  presentation  to  hospital  in our  cohort.  Moreover,

factors  other  than  oxygenation  e.g. secondary  infections,

altered  sensorium  could  be reasons  for  deterioration  and

mechanical  ventilation.

Furthermore,  it  is  imperative  to  note  that  some patients

with  COVID  may  not  have  dyspnea  despite  being  hypoxemic,

and  therefore  clinical  monitoring  of  vitals  gains paramount
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Figure  1  S/F  ratio  vs  P/F  ratio  scatter  plot.  S/F  ratio  --- SpO2/FiO2; P/F  ratio  ---  PaO2/FiO2. The  line  represents  the  best  fit  linear

relationship  SpO2/FiO2 =  0.80(PaO2/FiO2)  +  59.8  (p  <  0.001).

Table  1  Comparison  between  patients  who required  invasive  ventilation  (ventilated  group)  and  who  did  not  require  invasive

ventilation  (non  ventilated  group).

Variables  Invasive  ventilation  group

(n  =  19)

Number  (%)/Mean  ±  SD/Median

[Range]

Without  invasive  ventilation

group  (n  = 41)

Number  (%)/Mean  ± SD/Median

[Range]

P-value

Age  49.52  ± 17.79  52.56  ±  12.99  0.457

Male/female  12/7  26/15  0.985

HR (beats/min)  101.93  ±  24.19  88.26  ±  16.37  0.0132*

SBP  (mm/Hg)  124.7  ± 22.5  128.8  ±  21.8  0.54

DBP (mm/Hg)  74.8  ±  11.6  72.1  ± 10.6  0.37

RR (breaths/min)  33.47  ± 6.08  27.23  ±  3.55  0.0001*

Accessory  muscles  use  12  (63)  5 (12.1)  0.0001*

Initial  respiratory  support  0.012*

Facemask  5  (26.3)  25  (60.9)

NRBM 9  (47.3)  14  (34.1)

HFNC/NIV  5  (26.3)  2 (4.88)

S/F ratio  116  (80---250)  160 (71---333)  0.14

P/F ratio  100  (41---442)  145 (36---528)  0.739

HR --- heart rate; RR --- respiratory rate; SBP --- systolic blood pressure; DBP --- diastolic blood pressure; S/F ratio --- SpO2/FiO2;  P/F ratio ---

PaO2/FiO2;  NRBM --- non rebreathing mask; HFNC --- high flow nasal cannula; NIV --- non invasive ventilation.
* Significant.

importance  in  these  patients.  They  require  aggressive  mana-

gement  in order  to  halt  further  deterioration.

In  conclusion,  S/F  ratio  can  be  used  as surrogate  of  P/F

ratio  in  patients  with  COVID  pneumonia  and  can be highly

useful  in resource  limited  settings  during  this pandemic.

However,  initial  S/F  ratio  on  admission  cannot  indicate  the

need  of  invasive  ventilation  later  in the course of  the dis-

ease.
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Heterogeneity of hypoxemia severity
according to pulse oximetry and
blood gas  analysis in COVID-19
pneumonia

Heterogeneidad de  la severidad  de  hipoxemia
de acuerdo a oximetría  de  pulso y gases
arteriales en neumonía  COVID-19

Dear  Editor,

Pneumonia  is  the  hallmark  of severe  COVID-19.1 Strain  in

healthcare  systems  across  the  world  has  forced  countless

hospitals  to  conduct  grueling  triages  to  decide  who  gets

to  be  admitted  when healthcare  saturation  was  rampant.2

As  these  decisions  are inherently  complex,  numerous  risk

scores  and  predictor  factors  have  been  described  to  aid  the

attending  medical  team.3---5 These  often  include  clinical  and

laboratory  values.

One  commonly  utilized  criteria  to  determine  patient

severity  is  the  severity  of hypoxemia.6 This  can be  assessed

with  arterial  oxygen  pressure  (PaO2), PaO2 to  inspired

fraction  of oxygen  (FiO2) ratio,  arterial  oxygen  saturation

(SatO2),  pulse  oximeter  oxygen  saturation  (SpO2),  SatO2 to

FiO2 ratio,  SpO2 to  FiO2 ratio,  and  the prescribed  oxygen

device.7

The  use  of  these criteria  for  hypoxemia  severity  in non-

intubated  patients  has  been  criticized  given  the expected

high  inter-patient  variability  in FiO2, shunt  fraction,  and

physician’s  choice  of  oxygenation  device  and oxygen  flow.7

Therefore,  relying  on  these criteria  is  suboptimal  given  the

low  comparability  between  different  patients.

In this  study,  we  aimed  to  compare  the  severity  of

hypoxemia  in patients  with  severe  COVID-19  according  to

oxygenation  index arriving  at  an  emergency  department.

We  performed  a retrospective  cohort  study  collecting

information  on  every  patient  who  arrived  at the  emergency

department  (ED)  of  a reference  COVID-19  tertiary  center

between  April  1st,  2020,  and  April  30th,  2021.  At  arrival,

every  patient  had  to  go  through  a  triage  station  where

vital  signs  (including  SpO2)  were documented  before  enter-

ing  the emergency  department.  Once in the emergency

department,  all  patients  who  had  low  SpO2 (usually  < 92%)

received  supplemental  oxygen.  Only  nasal  cannula  and

non-rebreathing  masks  were  available  at  our  center.

Arterial  blood  gas  analysis was  performed  in  all  patients  with

suspected  COVID-19.  Generally,  FiO2 was  estimated  heuris-

tically  by  the treating  physician  by  adding to  the baseline

FiO2 (21%)  3% for every  extra  liter  of oxygen  per  minute.8

For  example,  a patient  receiving  2 l of  minute  of  supplemen-

tal oxygen  would  have  a calculated  FiO2 of  27%  (21 + 3*2).

SpO2 was  obtained  at  ambient  air,  while  arterial  blood  gas

was  obtained  almost  universally  when  patients  received  sup-

plemental  oxygen.  Given  the closeness  between  SpO2 and
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