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Introduction&

During#the#rapidly#evolving#COVID19#pandemic#continuous#evaluation#and,#if#needed,#adaptation#

of#diagnostic#strategies#is#crucial.#Most#published#studies#concern#retrospective#(case)#series#

from#areas#with#high#disease#burden.#Since#positive#and#negative#predictive#values#depend#on#

disease#burden,#these#parameters#may#not#be#generalizable#to#regions#with#a#different#incidence#

of#COVID19#infections#and#should#be#implemented#with#care#in#the#decisionBmaking#processes.#

Also,#there#is#growing#discussion#on#the#role#of#screening#asymptomatic#subjects#without#clinical#

suspicion#of#COVID19,#for#example#before#surgery.#Therefore#we#explored#the#situation#in#the#

Netherlands#through#a#survey,#aiming#to#provide#data#on#the#performance#of#imaging#tests#

across#a#range#of#disease#prevalence#and#on#the#use#of#imaging#in#screening#setting.##

#

Methods&

We#performed#a#nationwide#survey#in#79#hospitals#and#asked#chest#radiologists#to#provide#the#

data#to#calculate#diagnostic#accuracy#of#chest#radiography#(CXR)#and/or#computed#tomography#

(CT)#for#patients#suspected#of#COVID19.#We#asked#for#the#number#of#examinations#performed,#

number#of#examinations#with#normal#results#and#number#of#examinations#with#results#

suspected#of#COVID19#in#relation#to#RTBPCR#confirmed#COVID19#infection#(PCR+COVID19)#as#

the#reference#standard.#We#excluded#numeric#data#from#hospitals#that#provided#data#on#less#

than#10#patients,#or#hospitals#that#performed#CT#after#negative#RTBPCR#results#in#clinically#

suspected#patients.#We#also#collected#data#on#asymptomatic#individuals#who#underwent#CT#

imaging#screening#to#rule#out#COVID19#infection#either#before#surgery#or#in#the#emergency#

department.#We#calculated#sensitivity,#specificity#and#predictive#values#for#the#different#imaging#

modalities,#and#presented#these#in#relation#to#the#observed#probability#of#PCR+COVID19.###

#

Results&

Of#79#hospitals#(8#academic)#a#total#of#38#hospitals#(8#academic)#participated#in#the#survey#

(response#rate#48%).##

#

TwentyBeight#hospitals#used#CT#(74%)#as#imaging#test#in#the#workBup#of#patients#with#suspected#

COVID19#infection,#of#which#6/8#(75%)#academic#and#22/31#nonBacademic#(71%).#Data#from#

three#hospitals#were#excluded#from#further#analysis#(CT#performed#after#negative#PCR,#N=2#and#

total#cases#<10,#N=1).#Therefore,#nine#hospitals#provided#diagnostic#accuracy#data#for#CT#in#899#

patients#(Table#1).#In#these#hospitals#the#preBtest#probability#of#COVID19#ranged#from#9%#to#

70%.#The#positive#predictive#value#(probability#for#PCR+COVID19#after#a#positive#CT)#ranged#

from#37%B90%.#The#inverse#of#the#negative#predictive#value#(probability#for#PCR+COVID19#after#

a#negative#CT)#ranged#from#0%B27%.#If#one#defines#a#postBtest#(positive)#probability#≥80%#as#
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sufficient#to#establish#the#diagnosis,#four#out#of#nine#(44%)#hospitals#did#not#reach#this#target.#If#

one#defines#a#postBtest#(negative)#probability#≤5%#as#sufficient#to#rule#out#the#diagnosis,#six#out#

of#nine#(67%%)#hospitals#did#not#reach#this#target#(Figure#1).#

#

ThirtyBone#(82%)#hospitals#used#CXR#as#imaging#test#as#part#of#the#COVID19#diagnostic#workBup.#

Three#hospitals#provided#diagnostic#accuracy#data#for#460#patients#(Table#2).#In#these#hospitals#

the#preBtest#probability#of#PRC+COVID19#ranged#from#32%#to#84%.#The#positive#predictive#

value#(probability#for#PCR+COVID19#after#a#positive#CXR)#ranged#from#63%B93%.#The#inverse#of#

the#negative#predictive#value#(probability#for#PCR+COVID19#after#a#negative#CXR)#ranged#from#

16%B70%.#When#one#defines#a#postBtest#(positive)#probability#≥80%#as#sufficient#to#establish#

the#diagnosis,#one#of#the#three#(33%)#hospitals#did#not#reach#this#target.#When#a#postBtest#

(negative)#probability#≤5%#is#judged#to#be#sufficient#to#exclude#the#diagnosis,#none#(0%)#of#the#

hospitals#reached#this#target#(Figure#2).#

#

None#of#the#radiology#departments#used#ultrasound#for#diagnosis#or#followBup#of#COVIDB19#

pneumonia.#

#

TwentyBtwo#hospitals#(58%)#reported#to#perform#screening#CT#in#asymptomatic#subjects#at#the#

emergency#department#or#in#preBoperative#setting.#Eight#hospitals#provided#frequency#statistics#

on#screening#CT#(two#hospitals#were#excluded#because#of#<10#patients#and#one#was#excluded#

because#the#CT#indication#was#based#on#clinical#indication).#In#the#five#remaining#hospitals#a#

total#of#288#subjects#were#scanned#with#a#yield#of#seven#(2%)#cases#with#some#level#of#suspicion#

of#COVID19#infection.#In#three#patients#(1%)#this#resulted#in#altered#treatment#strategy#such#as#

postponement#of#surgery,#though#one#of#these#patients#did#have#symptoms#in#retrospect.#

#

Discussion&

The#first#diagnosis#of#COVID19#in#the#Netherlands#was#confirmed#on#February#27,#2020.#On#April#

1st#the#number#of#registered#cases#in#the#Netherlands#was#14,829.#The#current#survey#was#open#

March#30th#–#April#1st#2020#and#therefore#captured#data#on#the#first#period#of#the#pandemic#in#

the#Netherlands.#

#

The#data#show#that#in#patients#with#suspected#COVID19#disease#the#performance#of#both#CXR#

and#CT#to#‘diagnose’#a#RTBPCR#positive#COVID19#diagnosis#was#modest#to#good,#and#somewhat#

dependent#on#the#disease#prevalence.#Excluding#the#diagnosis#using#CXR#was#not#possible,#

whereas#CT#could#be#used#in#a#third#of#the#hospitals#to#exclude#RTBPCR#positive#COVID19#

diagnosis#(defined#as#a#postBtest#probability#<5%).#This#however#seems#to#become#more#difficult#
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with#higher#disease#prevalence.#Data#on#CT#performance#in#screening#setting#(asymptomatic#

patients#without#COVID19#suspicion)#are#limited.#In#these#preliminary#results#we#identified#

changes#in#management#in#a#few#of#patients,#but#whether#these#changes#were#of#benefit#to#the#

patient#are#uncertain.#We#propose,#as#from#this#moment,#to#at#least#prospectively#register#the#

use#and#impact#of#CT#as#screening#tool#in#the#hospitals#that#perform#screening#to#determine#

whether#there#may#be#a#role#for#CT,#though#randomized#studies#are#required#to#proof#benefits.#

#

Multiple#limitations#of#this#initial#survey#need#acknowledgement.#First,#survey#data#in#general#

have#significant,#wellBknown#limitations.#Second,#our#definition#of#PCR+COVID19#needs#to#be#

addressed.#A#RTBPCRBbased#definition#is#by#no#means#a#gold#standard,#but#in#the#current#acute#

setting,#this#was#the#most#practical,#reliable#approach.#In#the#survey#we#did#not#control#for#

differences#between#hospitals#in#the#type#of#RTBPCR#and#whether#one#or#multiple#tests#were#

done.#Third,#radiologists#and#hospitals#will#likely#use#different#thresholds#to#define#a#CXR#or#CT#

as#positive,#which#was#not#evaluated.#Fourth,#we#arbitrarily#used#≥80%#certainty#as#a#cutBoff#for#

‘diagnosis#present’#and#≤5%#for#‘diagnosis#excluded’#in#patients#with#suspected#COVID19#based#

on#clinical#presentation.#In#screening#setting#choosing#a#5%#cutBoff#value#might#be#too#high#for#

excluding#the#diagnosis.#Finally,#acquiring#images#in#COVID19#(suspected)#patients#may#not#only#

be#for#diagnostic#purposes,#but#also#for#providing#an#estimation#of#severity#of#pulmonary#

involvement#and#patient#prognosis.#One#could#argue#that#CT#is#preferred#over#CXR#for#this#

purpose#as#it#allows#for#more#detailed#disease#burden#assessment.#On#the#other#hand,#readily#

available#CXR#is#able#to#depict#the#more#severe#cases#and#to#identify#the#clinically#relevant#group#

swiftly.#

#

In#conclusion,#multiple#imaging#strategies#can#aid#the#diagnosis,#exclusion#and#management#of#

COVID19#patients.#Such#strategies#depend#on#regional#disease#burden,#availability#of#PCR,#

hospital#setting#and#local#preferences.#

& &
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Table&1.#Diagnostic#performance#of#CT#for#PCR+#COVIDB19#in#relation#to#disease#probability#

Survey&
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High# 223# 0.61# 0.93# 0.90# 0.69# 0.31# 0.10# 0.76# 0.35# 2.88# 0.15# 0.74# 0.13#

High# 141# 0.86# 0.73# 0.90# 0.64# 0.36# 0.10# 0.82# 0.70# 2.52# 0.16# 0.72# 0.14#

Intermediate# 35# 0.37# 1.00# 1.00# 0.57# 0.43# 0.00# 0.66# 0.20# 2.33# 0.00# 0.70# 0.00#

Intermediate# 257# 0.90# 0.99# 0.92# 0.98# 0.02# 0.08# 0.97# 0.15# 50.43# 0.08# 0.98# 0.07#

Intermediate# 15# 0.60# 0.90# 0.75# 0.82# 0.18# 0.25# 0.80# 0.27# 4.13# 0.31# 0.80# 0.23#

Intermediate# 125# 0.63# 0.98# 0.98# 0.64# 0.36# 0.02# 0.77# 0.38# 2.69# 0.03# 0.73# 0.03#

Low# 13# 0.86# 0.83# 0.86# 0.83# 0.17# 0.14# 0.85# 0.54# 5.14# 0.17# 0.84# 0.15#

Low# 22# 0.40# 1.00# 1.00# 0.85# 0.15# 0.00# 0.86# 0.09# 6.67# 0.00# 0.87# 0.00#

Unkown# 68# 0.86# 0.95# 0.92# 0.90# 0.10# 0.08# 0.91# 0.38# 9.69# 0.09# 0.91# 0.08#

&

&

Table&2.#Diagnostic#performance#of#chest#radiography#for#PCR+#COVIDB19#in#relation#to#disease#

probability&

Survey&

estimated&

prevalence& N,&tot& PP
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High# 362$ 0.93$ 0.30$ 0.67$ 0.72$ 0.28$ 0.33$ 0.68$ 0.84$ 2.44$ 0.45$ 0.71$ 0.31$

Intermediate# 41$ 0.86$ 0.62$ 0.83$ 0.67$ 0.33$ 0.17$ 0.78$ 0.71$ 2.48$ 0.26$ 0.71$ 0.21$

Low# 57$ 0.63$ 0.84$ 0.67$ 0.82$ 0.18$ 0.33$ 0.77$ 0.32$ 3.71$ 0.41$ 0.79$ 0.29$

#

#

Table&3.#Screening#CT#in#asymptomatic#persons#without#clinical#suspicion#of#COVIDB19#
Survey&&

estimated&

prevalence& Screening&indication& CT&total& CT&Negative& CT&Positive&

Management&

change&

High& Surgery# 99& 96#(97%)& 3& 0&

Intermediate& Surgery# 15& 15#(100%)& 0& 0&

Intermediate& ED#and#surgery# 73& 71#(97%)& 2& 2&

Intermediate& ED#and#surgery# 37& 36#(97%)& 1& 0&

Intermediate# ED#and#surgery# 64# 63#(98%)# 1^# 1#

^$In$retrospect$the$patient$did$have$symptoms$

ED=$Emergency$department$

&

&

& &



Figure'1. Diagnostic*performance*of*CT*for*PCR+*COVID819*in*relation*to*disease*probability

Figure'2.'Diagnostic*performance*of*chest*radiography*for*PCR+*COVID:19*in*relation*to*disease*

probability*
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