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Introduction

Rad�ology accounts for 6-10 % of all health care expend�tures 
and chest rad�ography exam�nat�on represents up to 50 % of the 
whole d�agnost�c rad�ology work-up performed. It �s a common tool 
used to evaluate pat�ents �n the Emergency Department (ED) w�th 
a w�de var�ety of suspected chest and non-chest related compla�nts. 
Although th�s modal�ty has been descr�bed as �nexpens�ve, �t �s 
t�me consum�ng and potent�ally unnecessary �n a large number of 
ED pat�ents.1-5 

Presently, chest rad�ography �s a recommended �n�t�al 
screen�ng test �n traumat�c pat�ents as per the Advanced Trauma 
L�fe Support (ATLS) gu�del�nes. In non-traumat�c pat�ents, pla�n 
film rad�ography reveals acute abnormal�t�es �n anywhere from 2.5 
to 37% of ED pat�ents selected to undergo chest x-ray.3,6-10 The low 
rate of pos�t�ve films �n most stud�es and the w�de var�ab�l�ty of 
s�gn�ficant abnormal films �nd�cates there �s a s�gn�ficant var�at�on 
�n cl�n�cal pract�ce �n the use of chest x-ray.11 Th�s suggests that 
there �s a potent�al for �mproved effic�ency �n current med�cal 
pract�ce through the development of gu�del�nes or a cl�n�cal 
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Abstract

Objectives: To determ�ne pred�ctors assoc�ated w�th pos�t�ve 

chest x-ray find�ng �n pat�ents present�ng w�th non-traumat�c 

chest pa�n �n the Emergency Department (ED). 

Methods: Health records, �nclud�ng the final rad�ology reports 

of all pat�ents who presented w�th non-traumat�c chest pa�n and 

had a chest x-ray performed �n an urban Canad�an tert�ary care 

ED over four consecut�ve months were rev�ewed. Demograph�c 

and cl�n�cal var�ables were also extracted. Chest x-ray find�ngs 

were categor�zed as normal (e�ther normal or no s�gn�ficant 

change from prev�ous x-rays) or abnormal. Descr�pt�ve stat�st�cs 

were used to descr�be the data. Mult�var�able log�st�c regress�on 

was used to determ�ne the assoc�at�on between var�ous pred�ctors 

and chest x-ray find�ng (pos�t�ve/negat�ve). 

Results: The 330 study pat�ents had the follow�ng character�st�cs: 

mean age 58±20 years; female 41% (n=134).  Pat�ents’ ch�ef 

compla�nts were only chest pa�n 75% (n=248), chest pa�n w�th 

shortness of breath 12% (n=41), chest pa�n w�th palp�tat�on 4% 

(n=14), chest pa�n w�th other compla�nts 9% (n=28). Chest x-rays 

were reported as normal or no acute changes �n 81% (n=266) of 

pat�ents, and abnormal �n 19% (n=64) of pat�ents. The most common 

abnormal chest x-ray d�agnoses were congest�ve heart fa�lure (n=28; 

8%) and pneumon�a (n=17; 5%). Those w�th abnormal chest x-ray 

find�ngs were s�gn�ficantly older (71 versus 55 years; p<0.001), had 

chest pa�n w�th shortness of breath (36% versus 11%; p<0.001), had 

s�gn�ficant past med�cal h�story (39% versus 14%; p<0.001), and 

were also tachypno�c (31% versus 12%; p<0.001).

Conclusion: Th�s study found that pat�ents w�th non-traumat�c 

chest pa�n are l�kely to have a normal chest x-ray �f they were 

young, not tachypnoe�c or short of breath, and had no s�gn�ficant 

past med�cal h�story. A larger study �s requ�red to confirm these 

find�ngs.
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dec�s�on rule.11

There has been a lot of confus�on �n the l�terature regard�ng 
the ut�l�ty of chest rad�ography �n an acute sett�ng coupled w�th 
the lack of ED spec�fic l�terature. Most prev�ous stud�es of chest 
x-rays are confined to pat�ents w�th asthma or chron�c obstruct�ve 
pulmonary d�sease (COPD) w�th vary�ng recommendat�ons. 
There have been few stud�es that have addressed the �mportance 
of chest rad�ography as a screen�ng tool �n non-emergency 
sett�ngs. In 1985, Hubbell et al. rev�ewed the l�terature on rout�ne 
chest rad�ographs �n �nternal med�c�ne wards. They found that 
abnormal�t�es were found �n 36% of the pat�ents but these find�ngs 
resulted �n treatment changes �n only 4% of these pat�ents. Th�s 
study quest�ons the value of �nd�scr�m�nate use of chest x-rays. 
Another rev�ew of 997 ED asthmat�cs found that only 2.2% of 
adults had abnormal rad�ographs w�th all abnormal�t�es occurr�ng 
�n those who had rhonch� or rales, or who were unrespons�ve to 
treatment.5 Based on the�r results, the authors d�d not recommend 
rout�ne chest rad�ography �n pat�ents w�th asthma.2 Another 
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rev�ew of 847 ED pat�ents w�th COPD found that 16% had acute 
chest x-ray abnormal�t�es w�th a quarter of these not pred�cted by 
prev�ously developed h�gh-y�eld cr�ter�a (pr�or congest�ve heart 
fa�lure, coronary artery d�sease, per�pheral edema, chest pa�n, or 
a wh�te blood cell (WBC) count 15,000 cells/mm3.4,12 The authors 
of th�s study recommended rout�ne chest rad�ography �n all ED 
pat�ents w�th COPD.4

Others have attempted to pred�ct chest x-ray abnormal�t�es 
�n pat�ents w�th non-traumat�c chest compla�nts and have been 
unable to develop sens�t�ve cr�ter�a for pred�ct�ng s�gn�ficant 
abnormal�t�es.3,13 These stud�es d�d not address a focused cl�n�cal 
quest�on. They attempted to pred�ct abnormal chest x-ray find�ngs 
�n all the compla�nts (e.g. product�ve cough, fever, shortness of 
breath, palp�tat�on, syncope, headache, traumat�c chest pa�n) and 
not just pat�ents w�th chest pa�n as �n our study.

Th�s study �s attempt�ng to define reasons beh�nd non-traumat�c 
chest compla�nts as well as factors assoc�ated w�th pos�t�ve chest x-
ray find�ng �n an emergency room.

Methods

Patient Population 
Th�s study was performed �n the ED of an urban teach�ng hosp�tal 
w�th an annual census of 75,000 �n Canada. All pat�ents present�ng 
to the ED w�th chest pa�n between November 4, 2004 and February 
28, 2005 and who underwent chest rad�ography were enrolled. 
Pat�ents w�th a h�story of acute trauma and pat�ents younger than 
18 years of age were excluded. The �nst�tut�onal rev�ew board (IRB) 
approved th�s study w�thout the need for �nformed pat�ent consent 
as no change �n pat�ent management took place.

Data Collection
Health records were rev�ewed and pat�ents �dent�fied from an 
ED computer�zed database. All pat�ents (18 years and above) 
present�ng w�th non-traumat�c chest pa�n dur�ng the study per�od 
were enrolled �nto the study The standard�zed data extract�on 
form for all pat�ents �ncluded demograph�c data, the�r present�ng 
symptoms to the ED, past med�cal h�story, v�tal s�gns, phys�cal 
find�ngs and a final d�scharge d�agnos�s. In add�t�on, offic�al 
rad�olog�st reports were obta�ned for each of the pat�ents who 
underwent chest rad�ography from the rad�ology database system 
(Mag�c web). Old rad�ographs were used by rad�olog�sts for 
compar�son where ava�lable. Chest rad�ographs were defined as 
normal �f th�s was the �nterpretat�on of the rad�olog�st or �f there 
were no new changes from prev�ous �mag�ng, desp�te a presence 
of non-s�gn�ficant find�ngs. All other rad�ographs were defined 

as abnormal. We defined s�gn�ficant past med�cal h�story as the 
presence of COPD, cancer, asthma or congest�ve heart fa�lure 
(CHF). All the data were extracted by one �nd�v�dual, the first 
author.

 
Statistical Analyses
Descr�pt�ve stat�st�cs were used to descr�be pat�ent character�st�cs 
and cl�n�cal var�ables. For categor�cal var�ables, frequenc�es and 
percentages were reported. D�fferences between groups were 
analyzed us�ng Pearson’s χ2 tests (or F�shers Exact tests for cells less 
than five). For cont�nuous var�ables, means and standard dev�at�ons 
(±SD) were presented. Mean d�fferences between groups were 
analyzed us�ng Student’s t-tests. 

A mult�var�ate log�st�c regress�on analys�s for the outcome 
of abnormal chest x-ray was conducted. The assoc�at�on of the 
follow�ng var�ables to an abnormal chest x-ray find�ng: age, 
chest pa�n type, past med�cal h�story, resp�ratory rate, last 
adm�tted locat�on as the �ndependent var�ables were determ�ned. 
Independent var�ables were selected based on pr�or research.2-5 
Accord�ng to Peduzz� and colleagues,14 the useful rule of thumb 
from s�mulat�on stud�es �s that for every parameter �n the model, 
one needs at least ten outcomes. In th�s study, w�th the sample s�ze 
of 330, of wh�ch 64 had pos�t�ve chest x-ray find�ng, the rat�o of 
pos�t�ve outcomes to �ndependent var�ables was approx�mately 10.7 
to 1 (64/6), wh�le the rat�o of negat�ve outcomes (n=340; 35%) to 
�ndependent var�ables was approx�mately 44.3 to 1 (266/6). Both of 
the est�mates are well w�th�n the recommended threshold. A priori 
two-ta�led level of s�gn�ficance was set at the 0.05 level. Stat�st�cal 
analyses performed us�ng STATA vers�on 8.2 software. 

Results

A total of 330 pat�ents were enrolled �nto the study. The 
demograph�c and cl�n�cal character�st�cs of the study cohort are 
shown �n Table 1. Pat�ents w�th pos�t�ve chest x-ray find�ngs were 
s�gn�ficantly older compared to those that had negat�ve chest x-ray 
results (71 versus 55 years; p<0.001). They also had s�gn�ficantly 
h�gher proport�on of subjects w�th chest pa�n and shortness of 
breath (SOB) or cough than other types of chest pa�n (36% versus 
11%; p<0.001). The pos�t�ve chest x-ray find�ng cohort had also 
h�gher percentage of pat�ents w�th s�gn�ficant past med�cal h�story 
(39% versus 14%; p<0.001) and h�gher resp�ratory rate (>16 beats/
m�nute) (31% versus 12%; p<0.001). Of note also was the fact that 
those w�th pos�t�ve chest x-ray find�ng had h�gher proport�on of 
subjects that ult�mately requ�red adm�ss�on �n ICU/CCU than 
w�th those that had negat�ve chest x-ray find�ng (19% versus 6%; 
p=0.003).
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Table 1: Demograph�c and cl�n�cal character�st�cs of the study cohort strat�fied by chest x-ray find�ngs (N=330)

Characteristics Total (N=330)
Chest X-Ray Finding

P-value
Negative (n=266) Positive (n=64)

Age, mean±SD*, years 58±20 55±20 71±16 <0.001

Male gender, n (%) 196 (59%) 159 (60%) 37 (58%) 0.774

Chest pain type, n (%)

Chest pa�n w�th SOB** or cough 53 (16%) 30 (11%) 23 (36%)
<0.001

All other types of chest pa�n 277 (84%) 236 (88%) 41 (64%)

Past med�cal h�story‡ (PMH), n (%) 63 (19%) 38 (14%) 25 (39%) <0.001

Resp�ratory Rate (RR), n (%)

Normal RR (12-16 /m�nute) 279 (85%) 235 (88%) 44 (69%) <0.001

Heart Rate (HR), n (%)

Normal HR (60-100 /m�nute) 277 (84%) 224 (84%) 53 (83%)

0.887Low HR (<60 /m�nute) 12 (3.6%) 10 (3.8%) 2 (3.1%)

H�gh HR (>100 /m�nute) 41 (12%) 32 (12%) 9 (14%)

Blood Pressure (BP), n (%)

Normal BP (SBP*** 100-140 and DBP‡‡ 50-90 mmHg) 219 (66%) 175 (66%) 44 (69%)

0.396H�gh BP (SBP >140 or DBP >90 mmHg) 102 (31%) 85 (32%) 17 (27%)

Low BP (SBP <100 or DBP 50 mmHg) 9 (2.7%) 6 (2.3%) 3 (4.7%)

Oxygen saturation

Normal saturat�on (≥95%) 315 (95%) 254 (95%) 61 (95%) 1.000

Respiratory examination, n (%)

Normal 283 (86%) 230 (86%) 53 (83%)

0.522

Basal Crep�tat�ons 15 (4.6%) 11 (4.1%) 4 (6.3%)

Decrease Breath Sound 12 (3.6%) 10 (3.8%) 2 (3.1%)

Wheez�ng 11 (3.3%) 7 (2.6%) 4 (6.3%)

Bronch�al Breath�ng 9 (2.7%) 8 (3.0%) 1 (1.6%)

Cardiovascular examination, n (%)

Normal sound 317 (96%) 256 (96%) 61 (95%) 0.722

Last admitted location, n (%)

D�scharged home 275 (83%) 225 (85%) 50 (78%)

0.003ICU/CCU 28 (9%) 16 (6%) 12 (19%)

Normal adm�ss�on on regular ward 27 (8%) 25 (9%) 2 (3%)

*SD: Standard Dev�at�on; **SOB: Shortness of Breath; ‡PMH was defined as the presence of e�ther Chron�c Obstruct�ve Pulmonary 
D�sease (COPD), Cancer, Asthma, or Congest�ve Heart Fa�lure (CHF); ***SBP=Systol�c Blood Pressure; ‡‡DBP=D�astol�c Blood 
Pressure; ICU: Intens�ve Care Un�t; CCU: Cr�t�cal Care Un�t; #P-values were generated us�ng Student’s t-tests, Pearson’s χ2 test, and 
Fisher’s Exact test whenever appropr�ate.
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The most frequent ch�ef compla�nt was chest pa�n (n=248; 75%), 
followed d�stantly by chest pa�n w�th SOB (n=41; 12%), and chest 
pa�n w�th palp�tat�on (n=14; 4%). Other present�ng compla�nts are 
l�sted on Table 2. Desp�te the fact that all the subjects had chest 
pa�n, the major�ty (n=266; 80.6%) had normal chest x-ray find�ng. 

Table 2: Ch�ef compla�nt strat�fied by Negat�ve and Pos�t�ve Chest 
F�nd�ngs (N=330)

Diagnosis

Chest Finding
Total 

(%)
Negative 
(n=266)

Positive 
(n=64)

Pla�n Chest Pa�n (CP) 213 35 248 (75%)

CP w�th Shortness of 
Breath

22 19 41 (12%)

CP w�th Cough 8 4 12 (3.6%)

CP w�th Fever 3 1 4 (1.2%)

CP w�th Palp�tat�on 12 2 14 (4.2%)

CP w�th Syncope 5 1 6 (1.8%)

CP w�th Weakness 0 1 1 (0.3%)

CP w�th Ep�gastr�c Pa�n 2 1 3 (0.9%)

CP w�th M�scellaneous 1 0 1 (0.3%)

CP: Chest Pa�n

Table 3 showed the most frequent d�agnoses strat�fied by the 
pos�t�ve and negat�ve chest x-rays. The most frequent prel�m�nary 
d�agnoses were CHF (n=28; 8%) and pneumon�a (n=17; 5%). 

Table 3: F�nal d�agnoses strat�fied by Negat�ve and Pos�t�ve chest 
find�ngs (N=330)

Diagnosis
Chest Finding

Total (%)Negative 
(n=266)

Positive 
(n=64)

Normal 251 0 251 (76%)

Pneumon�a 0 17 17 (5.2%)

Congest�ve Heart Fa�lure 0 28 28 (8.5%)

Pleural Effus�on 0 11 11 (3.3%)

Cancer 0 6 6 (1.8%)

Pulmonary Embol�sm 0 2 2 (0.6%)

M�scellaneous 15 0 15 (4.6%)
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F�gure 1 outl�nes the probab�l�ty of a pos�t�ve chest x-ray 
find�ng wh�le vary�ng age, generated us�ng mult�var�able log�st�c 
regress�on. The figure clearly demonstrates that the assoc�at�on �s 
pos�t�ve. The probab�l�ty of a pos�t�ve chest x-ray result �ncreased 
w�th age. The graph also �nd�cates that those w�th chest pa�n 
and SOB (or cough), s�gn�ficant past med�cal h�story, and h�gher 
resp�ratory rate had cl�n�cally s�gn�ficantly h�gher probab�l�ty of a 
pos�t�ve chest x-ray find�ng than those w�th other types of chest 
pa�n, �ns�gn�ficant past med�cal h�story, and normal resp�ratory 
rate. Even at the m�n�mum age of the cohort, the probab�l�ty of 
hav�ng a pos�t�ve chest x-ray result was already nearly four t�mes 
h�gher for those w�th chest pa�n and SOB (or cough), s�gn�ficant 
past med�cal h�story, and h�gher resp�ratory rate compared to the�r 
counterparts.

Figure 1: A graph of the probab�l�ty of a pos�t�ve chest x-ray 
find�ng wh�le vary�ng age generated us�ng mult�var�able log�st�c 
regress�on (N=330).

Discussion

Th�s was the first study, wh�ch looked at pat�ents w�th non-
traumat�c chest pa�n who presented to the ED as well as determ�n�ng 
var�ous factors that could potent�ally pred�ct abnormal chest 
x-ray find�ngs. Among the ch�ef compla�nts observed were chest 
pa�n only, chest pa�n w�th shortness of breath, and chest pa�n 
w�th palp�tat�on. Only 19% of all non-traumat�c chest x-rays were 
pos�t�ve. The study also demonstrated that a pos�t�ve chest x-ray 
find�ng was assoc�ated w�th those who were older, had chest pa�n 
w�th shortness of breath, s�gn�ficant past med�cal h�story, and 
those who were tachypnoe�c.

Unexpectedly, th�s study noted that reduced a�r entry, rhonch� 
or crackles were not pred�ct�ve var�ables although prev�ous stud�es 
have showed th�s to the contrary. Th�s could be due to e�ther 
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�nappropr�ate documentat�on of find�ngs �n a very busy ED and/or 
due to the smaller number of pat�ents �n our cohort.

By us�ng the mult�var�able log�st�c regress�on model, th�s study 
also found that pat�ents’ age �s one of the �mportant pred�ctors 
to �ncrease the probab�l�ty of hav�ng s�gn�ficant chest x-ray 
abnormal�t�es. Two groups of pat�ents could be deduced from 
th�s study w�th regards to chest x-ray find�ng. H�gh-r�sk group are 
those pat�ents who presented to the ED w�th chest pa�n assoc�ated 
w�th cough, SOB, s�gn�ficant past med�cal h�story (COPD, cancer, 
asthma or CHF) or h�gh resp�ratory rate. On the other hand, the 
low-r�sk pat�ents are those who presented to the ED w�th chest pa�n 
but w�th no s�gn�ficant past med�cal h�story or w�th low resp�ratory 
rate. Age over 65 years, �n the low-r�sk group, was assoc�ated w�th 
15% probab�l�ty of hav�ng a s�gn�ficant find�ng on chest x-ray, and 
the probab�l�ty of a pos�t�ve chest x-ray result was �ncreas�ng w�th 
age thereafter. However, �n the h�gh-r�sk group, s�gn�ficant chest x-
ray abnormal�t�es were found even �n younger age groups, and the 
probab�l�ty �ncreased dramat�cally as age �ncreased (F�gure 1). 

Th�s study was conducted at a s�ngle center, wh�ch �s affil�ated to 
an Emergency Med�c�ne Res�dency Tra�n�ng Program. Wh�le th�s 
was a large, busy ED, the results of th�s study should be val�dated 
�n other centers to confirm our find�ngs. It can be argued that the 
phys�cal exam�nat�on assessment �s performed by the tra�n�ng 
res�dents. The�r find�ngs may d�ffer from one res�dent to another 
depend�ng on the�r tra�n�ng level, wh�ch could have affected the 
find�ngs. Unfortunately, we could not calculate the kappa to 
compare the degree of agreement between the res�dents and the 
emergency department staff because of �nadequate �nformat�on 
�n the Mag�c-Web database. In add�t�on, th�s was a retrospect�ve 
study, so there was no un�form defin�t�on of h�stor�cal key features 
as well as a standard�zat�on of the phys�cal exam�nat�on find�ngs. 
The character of the chest pa�n was not �ncluded �n the study, 
wh�ch could have led to d�fferent work�ng strategy of pat�ents. The 
find�ngs should be �nterpreted �n l�ght of the present l�m�tat�ons. 

Conclusion

Our study of an urban tert�ary care ED found that pat�ents w�th 
chest pa�n are l�kely to have a normal chest x-ray �f they were young, 
not tachypnoe�c or short of breath, and had no s�gn�ficant past 
med�cal h�story. Th�s could lead to reduct�on �n unnecessary chest 

x-ray requests �n the ED �n such pat�ents and could potent�ally lead 
to a shorter pat�ent stay �n the ED. A larger prospect�ve study �s 
requ�red to confirm these find�ngs.
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