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Abstract 
Background: Fluid overload is frequent in Haemodialysis (HD) and is one of 
the major factors of cardiovascular morbidity and mortality for chronic HD pa-
tients. The main challenge with chronic haemodialysis patients is indeed the 
maintenance of a normal extracellular volume through dry weight determina-
tion. Our study aimed at assessing the role of lung ultrasound in the detection 
of B-lines for the determination of hydration status in chronic HD patients. 
Methods: We conducted a cross-sectional study including 31 patients un-
dergoing chronic HD treatment for at least 3 months, in the Yaounde Univer-
sity Teaching Hospital dialysis unit. Lung ultrasonography and clinical ex-
aminations were performed immediately before dialysis, and 30 minutes after 
dialysis. Differences between clinical and ultrasound variables before and after 
dialysis were measured to assess the effects of dialysis. Association between 
categorical variables was assessed with the Chi-squared test or Fischer test, and 
Rho’s Spearman coefficient for quantitative variables. Results: There was a 
reduction in the median of B-lines score after dialysis [12 (7 - 26) versus 8 (5 - 
13)], clinical score [2 (1 - 3) versus 0 (−1 - 2)], mean of systolic blood pres-
sure (164.74 ± 26.50 versus 158.48 ± 27.89), frequency of dyspnoea in patients 
(32.3% versus 6.5%); and raising of the frequency of cramps in patients (0% 
versus 19.4%) and all statistically significant (p ≤ 0.031). B-lines score before 
and after dialysis was associated with dyspnoea and raised jugular venous 
pressure (p < 0.05). B-lines score before dialysis was correlated with B-lines 
score after dialysis (r = 0.805; p < 0.001), B-lines reduction (r = 0.862; p < 
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0.001), and clinical score (r = 0.49; p = 0.005). Reduction of B-lines score was 
not correlated with weight loss. Conclusion: Lung ultrasound for the detec-
tion of B-lines reflects the variation of extracellular volume during dialysis 
and can even capture pulmonary oedema at a pre-clinical stage. It is then a 
reliable and sensible method for assessing extravascular lung water and thus 
hydration status of haemodialysis patients. It could constitute a better alter-
native for an objective and accurate definition of dry weight, specifically in the 
African and Cameroonian context, with its assets being low cost, availability, 
and easiness to perform in a large population of HD patients. We, therefore, 
recommend further multicentric studies in order to design a standardized 
protocol of ultrasound follow-up for all chronic HD patients’ hydration status 
assessments. 
 

Keywords 
Haemodialysis, Lung Ultrasound, B-Lines, Hydration Status, Clinical Score 

 

1. Background 

Haemodialysis (HD) is the most common technique of Renal Replacement Ther-
apy (RRT) used in the treatment of End-Stage Renal Disease (ESRD) over the 
world, representing 75% of the methods for the treatment of patients in Europe 
and in Central Asia [1] and 95% of patients in North-Africa [2]. It is the only 
RRT available in Cameroon where the mortality rate is high with a mean surviv-
al time of 8 months after initiation [3]. The main comorbidities of chronic HD 
patients in Cameroon are: high blood pressure, diabetes, and other cardiovascu-
lar diseases [1] [4]. 

Chronic fluid overload is frequent in HD and is a major factor for the high 
cardiovascular morbidity and mortality observed in chronic HD patients [5] [6]. 
It is directly associated with high blood pressure, arterial wall rigidity, left ven-
tricular hypertrophy, and heart failure [7] [8]. One of the main challenges faced 
in HD is the maintenance of a normal extracellular volume through the determi-
nation of patients’ dry weight [9].  

The precise assessment of hydration status is very important for the optimal 
treatment of HD patients, as it enables a reliable determination of patients’ dry 
weight. There are many methods used in assessing patients’ hydration status: 
clinical examination, ultrasound measurement of inferior vena cava diameter and 
its collapsibility index, biomarkers (Atrial natriuretic peptide, Brain and Pro-brain 
natriuretic peptide), and bioimpedance methods [10].  

Clinical methods are subjective and less efficient for the precise assessment of 
chronic HD patients’ hydration status [5], and require time and precise skills 
from the clinician to reach the dry weight upon many consecutive dialysis sessions 
[11]. 

The clinical examination aims at detecting signs of fluid overload and those of 
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dehydration and vascular instability [6]. According to many scholars [6] [7] [12] 
[13] [14] [15] [16], this classical clinical and empirical approach is less reliable, 
does not always help detect patients’ hydration status, and could even be contra-
dictory. The continuous removal of water during dialysis up to symptomatic hy-
potension [7] could help to obtain the dry weight upon several consecutive di-
alysis sessions. However, there is a risk of overestimation of patients’ dry weight, 
which could cause chronic fluid overload, or underestimation of dry weight lead-
ing to immediate intra- or post-dialysis complications [17].  

In many studies, multifrequency bioimpedance (BIS) has been described as a 
reliable dry weight determination method in chronic HD patients [15] [18] giv-
ing room to a precise assessment of patients’ hydration status [15] [19].  

In low-income countries, like Cameroon, the clinical approach remains the 
only method used in determining HD patients’ hydration status given the lack of 
technologies such as bioimpedance. Moreover, the use of clinical methods is com-
promised; on one hand, the reduction of dialysis sessions from 3 to 2 sessions per 
week and patients’ poor observance of medical instructions. On the other hand, 
the irregularity of dialysis sessions because of short-term challenges observed in 
dialysis centres, and financial difficulties faced by patients prevents continuous 
weight loss monitoring. Such clinical estimate is achieved by means of trial and 
is therefore prone to imprecision. 

These difficulties observed in the prevention of chronic fluid overload high-
light the need to acquire a tool that could be used for a precise, rapid, and objec-
tive assessment of hydration status and a rapid determination of HD patients’ 
dry weight in Cameroon.  

Lung ultrasound through the detection of B-lines has been described as an as-
sessment method of HD patients’ hydration status and is much more used in 
determining lung extravascular fluid volume [9] [10] [20]. Lung ultrasound can 
evaluate extravascular lung water by identifying B-lines, which are vertical arti-
facts arising from the pleural line, extending to the edge of the screen, and which 
move synchronously with respiratory. Such artifacts, in reference to Kerley B lines 
on chest X-ray, are described in lung ultrasound as comet-tail artifacts formed as 
the ultrasound beam meets thickened interlobular septa filled with water in case of 
interstitial lung oedema [21] [22]. This method is easy, fast, cheap, and non-invasive, 
requiring just an ultrasound machine with a linear, convex, or sectoral transducer 
[21]. 

This study aims at assessing the benefits of lung ultrasound in common clini-
cal practices to determine chronic HD patients’ hydration status.  

2. Methods 

This was a cross-sectional 07 months study (November 2016-May 2017) includ-
ing 31 HD patients, aged 18 and above who have been on dialysis for more than 
3 months at the Yaoundé University and Teaching Hospital (CHUY). It is one of 
the reference hospitals in Cameroon where patients suffering from end-stage chron-
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ic kidney disease undergo 4 hours of dialysis twice weekly. 
Exclusion criteria include the presence of acute diseases or diseases that require 

hospital admissions such as decompensated cirrhosis, end-stage cancer, and system-
ic infections, patients on vacation or tourists, pregnant women, and patients who 
refused to sign informed consent forms. 

Each patient was assessed clinically and administered lung ultrasound imme-
diately before and 30 minutes after the second dialysis session of the week. 

2.1. Lung Ultrasound 

Lung ultrasounds were performed by one operator, specially trained to recognize 
and interpret B-lines. Lung ultrasound was performed on patient in a supine po-
sition using a Doppler portable ultrasound tool with a vascular probe of 6 - 12 
MHz (BK Medical Mini Focus®) for the detection of B-lines. Comet-tails or 
“B-lines” are defined as hyperechoic reflections which originate only from and 
travel roughly perpendicular to the pleural line of the lung. They have a narrow 
base and form a ray spreading away from the transducer towards the bottom of 
the screen (similar to a rocket at lift-up) and synchronously move with lung res-
piration [23] [24]. Areas explored included anterior and lateral regions of the 
two hemithorax, from 2nd to 4th intercostal space, and from 1st to 5th intercostal 
space in the right side of the chest. For each intercostal space, B-lines were de-
tected in 4 different sites: para-sternal, midclavicular, anterior axillary and mid 
axillary areas, giving 28 positions per test [25] [26]. For all the explored sites, 
B-lines ranged from 0 to 10. Number 0 indicated the absence of B-lines whereas 
number 10 stood for complete blank screen. All the B-lines detected on various 
sites explored produced a score, the score of B-lines, indicating the severity of 
lung congestion [25] [26]. Patients were grouped according to these scores and 
to the following levels of lung congestion as previously described in other stu-
dies: No congestion ≤ 5 B-lines, mild congestion: 6 - 15, moderate conges-
tion: 16 - 30, severe congestion: >30 [9] [22] [26] [27]. Figure 1 shows exam-
ples of B-lines. 

2.2. Clinical Examination 

Clinical examination was performed before the dialysis and 30 minutes after the 
session. All patients were evaluated during the second dialysis session of the 
week. Hemodynamic and anthropometric parameters such as blood pressure, 
heart rate, weight and height were taken. Clinical examination substantially con-
sisted in identifying symptoms and signs of hyperhydration or fluid overload 
and of dehydration or hypovolemia. Each functional or physical sign related to 
hyperhydration such as peripheral oedema, dyspnea, high blood pressure, jugu-
lar veins turgor, ascites [6] [24] [28] [29] [30] was given a positive figure whereas 
negative figures were attributed to signs indicating hypovolemia such as dizziness, 
asthenia, cramps, low blood pressure [6] [24] [28], resulting to a clinical score as 
interpreted in Table 1. 
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(a)                                  (b) 

Figure 1. Lung ultrasound, 2 different patients. (a) 4 B-lines; (b) 10 B-lines.  
 

Table 1. Description of the clinical score assessing the hydration status. 

Hydration Status Score Description 

Hypovolemia 

≤−3 Patent Hypovolemia 

−2 Latent Hypovolemia 

−1 Undefined 

Normal 0 Normal 

Hyperhydration 

1 Undefined 

2 Latent Fluid Overload 

≥3 Patent Fluid Overload 
 

This clinical score before and after dialysis were compared, to determine the 
impact of dialysis on clinical signs assessing the hydration status. 

2.3. Data Analysis 

Data were recorded and treated with Excel 2013, then exported to BM-Statistical 
Package for Social Sciences (IBM-SPSS) 22.0 for statistical analysis. Tables and 
figures were obtained using Excel 2013. 

Data were presented as mean and standard deviation, median and interquar-
tile range, or frequency and percentage, as appropriate. We used the Shapiro 
Wilk test to determine the normality of our quantitative variables’ distribution.  

For qualitative variables, we used the Chi-square test to compare groups of pa-
tients or the Fischer test when the expected number of patients was below 5, and 
the Mc Nemar test was used to compare variables. 

For quantitative variables, the student test-t was used for independent samples 
and the Wilcoxon signed-rank test, where appropriate. Correlations between va-
riables were assessed using Spearman’s rank correlation coefficient. The rela-
tionship between the B-lines before and after dialysis was measured using the 
intra-class correlation coefficient. The significance threshold was established for 
p < 0.05. 

3. Results 

31 patients were registered, aged between 27 to 70 years with an average age of 
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49 years ± 11.4. The first cause of kidney disease was hypertensive nephropathy 
(32.3%) followed by chronic glomerulonephritis (25.8%) and diabetic nephro-
pathy (19.4%). The major comorbidities of these patients were high blood pres-
sure (83.9%), diabetes (29%), heart failure (16%) and left ventricular hypertro-
phy (16%). 

3.1. Variations in Clinical and Ultrasonographic Signs after  
Dialysis 

After dialysis, it was observed that the number of dyspnoeic patients significant-
ly reduced but more patients complained of cramps (Table 2). Up to 42.5% of 
patients proved to have fluid overload before dialysis; whereas 16.1% showed a 
normal clinical hydration status (Table 3). 

Levels of systolic blood pressure and weight decreased considerably after di-
alysis. Blood pressure decreased from 164.74 (±26.50) to 158.48 (±27.89) mmHg 
and weight loss from 74.76 (±11.4 to 71.38 (±11.34) kg. It was also observed that 
their clinical score significantly dropped after dialysis (p < 0.001). 

B-lines number median reduced considerably after dialysis (p < 0.001), as de-
scribed in Table 4. 

 
Table 2. Changes in clinical signs after dialysis. 

Variables 
Number N (%) 

Clinical Signs Before Dialysis After Dialysis P-value 

Signs of  
Congestion 

Peripheral Edema 6 (19.4) 3 (9.7) 0.25 

Dyspnea 10 (32.3) 2 (6.5) 0.008 

AP ≥ 140/90 mmHg 27 (87.1) 22 (71) 0.125 

Jugular Veins Turgor 16 (51.6) 12 (38.7) 0.125 

Ascites 3 (9.7) 2 (6.5) 1 

Signs of  
Hypovolemia 

Low Blood Pressure 0. 1 (3.2) 1 

Dizziness 1 (3.2) 6 (19.4) 0.063 

Cramps 0. 6 (19.4) 0.031 

Asthenia 0. 2 (6.5) 0.5 

Values are given in frequency and percentage in brackets; significant p values are in bold. 
 

Table 3. Hydration status according to clinical score. 

Clinical Score Clinical Hydration Status Before Dialysis N (%) After Dialysis N (%) 

≤−3 Patent Hypovolemia 0. 1 (3.2) 

−2 Latent Hypovolemia 1 (3.2) 2 (6.5) 

−1 Undefined 0. 5 (16.1) 

0 Normal 0. 5 (16.1) 

1 Undefined 11 (35.5) 8 (25.8) 

2 Latent Fluid Overload 5 (16.1) 5 (16.1) 

≥3 Patent Fluid Overload 14 (45.2) 5 (16.1) 

Values are given in frequency and percentages in brackets. 
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Table 4. Changes in the number of B-lines after dialysis. 

Number of B-lines N (%) before Dialysis N (%) after Dialysis 

<6 = No Congestion 4 (12.9) 8 (25.8) 

[6 - 15] = Mild Congestion 15 (48.4) 17 (54.8) 

[16 - 30] = Moderate Congestion 8 (25.8) 6 (19.4) 

>30 = Severe Congestion 4 (12.9) 0 

Values are given in frequency and percentage in brackets; lung congestion < 6 B-lines = 
no congestion, [6 - 15] = mild congestion, [16 - 30] = moderate congestion, >30 = severe 
congestion.  

3.2. Factors Associated with the Number of B-Lines 

The clinical factors associated with the presence of B-lines before dialysis were 
dyspnoea and jugular veins turgor. This association decreased after dialysis. In-
deed the number of dyspnoeic patients increased with the severity of lung con-
gestion assessed by the number of B-lines (Figure 2). It was the same observa-
tion with the jugular vein’s turgor (Figure 3). This number was very low after 
dialysis.  

3.3. Correlation between Measured Parameters and the Number  
of B-Lines 

We assessed the number of B lines before and after dialysis, the decrease in the 
number of B lines after dialysis and the various measured clinical parameters.  

Clinical parameters associated with the number of B-lines before dialysis: 
There was a big correlation between the number of B lines before and after di-

alysis (r = 0.805, p < 0.001), measured by the interclass correlation coefficient. 
The number of B-lines was also associated with the clinical score before dialysis 
(r = 0.549; p = 0.001). 

Clinical and ultrasonographic parameters associated with the decrease in the 
number of B lines: 

Table 5 shows that the decrease in the number of B-lines after dialysis was 
strongly associated with the number of B lines before dialysis (r = 0.862; p < 
0.001). 

Clinical and sonographical parameters associated with the number of B-lines 
before dialysis: 

Findings in Table 6 show that the number of B-lines after dialysis was strong-
ly correlated with that of the presence of B-lines before dialysis (r = 0.935; p < 
0.001) and with the reduction of B-lines after dialysis (r = 0.672; p < 0.001). 

4. Discussion 

There is a correlation between hyperhydration and the high mortality rate of HD 
patients following quantitative assessment of hydration status [6]. The main aim 
of RRT in HD patients with ESRD is the adequate control of extravascular fluid 
level. Hyperhydration has a significant impact on high blood pressure, the de-
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velopment of arteriosclerosis and on the high prevalence of left ventricular hyper-
trophy observed in chronic HD patients [8] [16]. Despite the various methods 
used to assess the HD patients’ hydration status, dry weight assessment remains 
a big challenge, notably for developing countries where there is lack of appropri-
ate technical facilities. This study aimed at determining the contribution of lung 
ultrasound techniques in the assessment of the chronic HD patients’ hydration 
status.  

 

 
(a) 

 
(b) 

Figure 2. Repartition of dyspnea accordimg to B-lines. 
(a) = in pre-dialysis, (b) = in post-dialysis; lung 
congestion: absent < 6, mild = [6 - 15], moderate = 
[16 - 30], severe > 30. 

 
Table 5. Correlation with the reduction of the number of B-lines. 

Variables Spearman’s Rank Correlation Coefficient P-value 

B1-lines 0.862 0.000 

∆weight 0.061 0.746 

B1-lines = number of B-lines before dialysis; ∆weight = change of weight before and after 
dialysis; significant p-values are in bold. 
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Table 6. Correlation with the number of B-lines after dialysis. 

Variables Spearman’s Rank Correlation Coefficient P-value 

B1-lines 0.935 0.000 

∆B-lines 0.672 0.000 

Systolic Blood Pressure 0.121 0.515 

Diastolic Blood Pressure −0.084 0.653 

Pulses 0.157 0.400 

SaO2 −0.166 0.371 

Clinical Score 2 0.211 0.255 

B1-lines = number of B-lines before dialysis; ∆B-lines = decrease in the number of B-lines 
after dialysis; clinical score 2 = clinical score after dialysis; SaO2 = oxygen saturation; sig-
nificant p-values are in bold.  

 

 
(a) 

 
(b) 

Figure 3. Repartition of jugular veins turgor according 
to B-lines. (a) = in pre-dialysis, (b) = in post-dialysis; 
lung congestion: absent < 6, mild = [6 - 15], moderate = 
[16 - 30], severe > 30. 
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4.1. Analysis of the Variation in Clinical and Sonographical Signs  
after Dialysis 

In this study, we observed that there is a significant decrease in the number of 
B-lines after dialysis, as described in many previous studies [9] [20] [24] [31]. 
B-lines are associated with the accumulation of water during the interdialytic 
period and reflect the variation in the level of extravascular lung water which 
occurs during dialysis [32]. In their study, Khamis et al. also showed a significant 
decrease of number of B-lines post-dialysis, especially for the group of patient 
with interdialytic hypertension (from 10 to 4 B-lines) [20]. Noble et al. [33] and 
Mallamaci et al. [22] proved that the number of B-lines rapidly and in a reliable 
manner reflects the extracellular fluid variation, with an average duration of 4 
minutes for the change on the screen [22]. Whereas inferior vena cava ultrasound 
can only be performed two hours after dialysis because of the equilibration time 
between interstitial and intravascular compartments [22] [34] [35]. Equally, mul-
tifrequency bioimpedance should be done 30 minutes to two hours after dialysis 
[36] [37].  

After dialysis, we observed a significant drop in the systolic blood pressure, 
though it was low compared to studies carried out in Europe [9] [22] [31] [38]. 
This could be explained by the fact that the patients described within this study 
presented with a higher blood pressure probably related to the reduction of weekly 
dialysis sessions and the irregular intake of antihypertensive drugs. There was 
also a significant drop in the clinical score showing that it could reflect the varia-
tion in hydration status after dialysis. 

4.2. Analysis of Factors Associated with the Presence of  
Sonographical B-Lines 

A correlation between dyspnea and the presence of B-lines was observed before 
dialysis; a similar correlation was also observed by Siriopol et al. [9] and Malla-
maci et al. [22]. The role of fluid overload in the development of pulmonary oe-
dema was highlighted by the significant decrease in the number of dyspnoeic pa-
tients after dialysis [9] [22]. 

We also observed a correlation between the presence of B-lines in pre-and 
post-dialysis and jugular veins turgor (p = 0.005). This correlation reduced after 
dialysis (p = 0.022). Furthermore, jugular veins turgor was more sensitive than 
dyspnoea in predicting pulmonary oedema. Indeed, jugular veins turgor could 
be felt with mild lung congestion (Figure 2). This correlation with jugular veins 
turgidity was not found in the literature, thus the specificity of our study. More-
over, dyspnea and jugular veins turgor were observed only after a minimum of 6 
B-lines, indicating that lung ultrasound could help detect the formation of pul-
monary oedema at the preclinical stage, also shown by Mallamaci et al. [22] and 
Allinovi et al. [28]. Therefore, it is a sensitive indicator of the efficiency of ultra-
filtration given the regression of dyspnea post-dialysis (Figure 3).  

We did not find any significant difference in peripheral oedema at pre- and 
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post-dialysis. This explains the non-specificity of this clinical sign in the assess-
ment of hyperhydration as described by Torino et al. [39]. 

We could also establish a clinical score based on patients’ physical and func-
tional signs, and this score was positively correlated with the number of B-lines 
before dialysis (r = 0.49, p = 0.005). These findings are similar to those presented 
by Allinovi et al. [28] who found a linear correlation between B-lines number 
and the clinical assessed level of fluid overload.  

4.3. Analysis of the Correlation of Measured Parameters and  
B-Lines 

Despite significant weight loss post-dialysis (−3.38 kg, p < 0.001), there was no 
correlation between the number of B-lines after dialysis and weight variation. 
This is similar to findings by Siriopol et al. [9], Khamis et al. [20] and Mallamaci 
et al. [22]. Whereas Vitturi et al. [24] obtained a relatively low number of 
B-lines, and they described a high correlation between the decrease in the num-
ber of B-lines and weight loss after dialysis. However, their target population was 
made up only of asymptomatic patients with clinically determined dry weight 
[24]. Therefore, the absence of a correlation between weight variation and the 
reduction of the number of B-lines in our study could probably be due to the fact 
that patients were not at their dry weight, thus the relatively high number of B-lines; 
and secondly from the high number of dyspnoeic patients.  

Studies carried out by Mallamaci et al. [22] showed a high correlation between 
the number of B-lines, the reduction of the number of B-lines and the cardio-
graphic parameters, particularly the ejection fraction of left ventricle. According 
to them, the presence of B-lines essentially depends on the fraction of systolic ejec-
tion rather than on the fluid overload. In the same light, Siriopol et al. [38] found 
that lung ultrasound could produce the same information as echocardiography; 
and so, could improve treatment and prognosis of chronic HD patients, since it’s 
easier, more accessible and cheaper than echocardiography. 

In the light of these analyses, lung ultrasound could be a good alternative for 
an objective and precise assessment of HD patients’ hydration status. It could 
contribute to a reliable weight loss determination, as described by other research-
ers [24] [30] [34]. It is a non-invasive test, easy to perform by non-specialists 
[22] [28], and could easily be used in Africa and in Cameroon, particularly given 
the availability of ultrasound machines in our hospitals and in some nephrology 
units. Compared to BIS or inferior vena cava diameter measurement which are 
costly, this test simply requires standard equipment [23] [31]. Its intra- and in-
ter-observator reproducibility is good and higher than that of inferior vena cava 
ultrasound measurement [22] [24] and with a good inter probe reproducibility 
[22], making it easy to perform this test even with a probe for kidney evaluation 
(3.5 MHZ). Moreover, studies have shown that determination of extravascular 
lung water using a lung ultrasound machine was highly associated with the mor-
tality and the occurrence of cardiovascular difficulties in chronic HD patients [9] 
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[27], thus indicating its role in assessing haemodialysis prognosis. This ultra-
sound technique has the advantage that it can be performed immediately after a 
dialysis session on different categories of HD patients (young children, patients with 
metallic implants, amputees, etc.). One of the major benefits of lung ultrasound 
is its superior correlation with every other hydration status assessment techniques 
(bioimpedance, sonographic measurement of inferior vena cava, clinical methods) 
[24] [28] [31].  

From the analysis above, the integration of lung ultrasound in the follow up of 
chronic HD patients is recommended for an objective assessment of their hydra-
tion status and the precise determination of their dry weight. 

5. Limitations  

Our study is limited by the small sample population obtained from just one di-
alysis centre, because of the unavailability of ultrasound machines.  

Ultrasound measurements of the inferior vena cava and multifrequency bioim-
pedance were not available to enable a direct comparison with our findings.  

Most of the chronic HD patients from our centre had no clinically determined 
dry weight because of the difficulties faced by the centre during our study pe-
riod.  

6. Conclusions 

The findings of our study show that lung ultrasound could be efficient in the rapid 
evaluation of fluid overload in chronic HD patients through the detection of lung 
oedema in the preclinical stage. It, therefore, contributes to the optimisation of 
ultrafiltration and the improvement in prognosis.  

It could be a good alternative for the objective and precise determinations of 
chronic HD patients’ dry weight in Africa and in Cameroon, particularly because 
it is easy to perform, available, cheaper, and can apply to the majority of chronic 
HD populations. It would be interesting to carry out a study with a larger sample 
population (multicentric study) in order to design a standardised protocol of ul-
trasound follow-up for all chronic HD patients’ hydration status assessments. 
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Abstract 
Objective: To describe the MRI abnormalities observed in acute myocarditis. 
Materials and Methods: Retrospective cross-sectional study with a descrip-
tive aim, carried out at the North Franche-Comte Hospital, over a period of 
12 months, from January 2021 to December 2021. It covered all patients 
who received an MRI of heart disease and were diagnosed with myocarditis. 
The diagnosis of myocarditis was retained in all patients on the basis of two 
arguments: a T2 PSIR hyper signal and a late enhancement at 15 min in T1 
PSIR with gadolinium. Results: Myocarditis was diagnosed in 20 patients out 
of a total of 214 who performed cardiac MRI, i.e. 10.30% of cases. The average 
age was 33.7 ± 14.3 with extremes of 17 and 69 years. We observed a male pre-
dominance with 11 men (55%) for 9 women (45%) or a sex ratio of 1.2. Clin-
ical suspicion of myocarditis and acute coronary syndrome were the main in-
dications for MRI. The lesion sites were subepicardial (95%) and/or intramural 
(30%), respecting the subendocardium, interesting for the majority, segments 
12 (anterolateral) in 50% and/or 11 (inferolateral) in 43% of cases. Global 
hypokinesia was observed in 30% of patients associated with a decrease in LVEF. 
There was no cardiac volume abnormality or valvular abnormality. Conclu-
sion: Cardiac MRI is nowadays the most efficient non-invasive imaging in 
the diagnosis of acute myocarditis. The diagnosis of myocarditis was made on 
2 pathognomonic signs, namely a T2 STIR hyper signal and late enhancement 
at 15 min in T1 PSIR after injection of gadolinium. The morphology and le-
sion locations were in agreement with those described in previous studies. 
Global hypokinesia and pericardial effusion were observed in some patients. 
On the other hand, there was neither valvular anomaly, nor cardiac volume 
anomaly. 
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1. Introduction 

Acute myocarditis is an inflammatory pathology of the myocardium, frequently 
of viral origin. When symptomatic, it is often difficult to diagnose, and the gold 
standard remains myocardial biopsy [1]. Myocarditis is a serious pathology, in-
volved in the appearance of chronic dilated heart disease, but also in 8.6% to 12% 
of sudden deaths in young adults [2]. Faced with chest pain, electrocardiogram 
abnormalities and elevated blood levels of cardiac enzymes, myocarditis can be 
suspected in a young subject without cardiovascular risk factors, or at any age 
when coronary angiography is normal. However, first-line examinations do not 
provide the diagnosis of myocarditis with certainty, and do not make it possible 
to eliminate other etiologies, and in particular, an infraction with healthy coro-
nary arteries [3]. There is, therefore, a need for a non-invasive diagnostic tool to 
confirm a diagnosis in these patients for whom the exit diagnosis is often a proba-
bility diagnosis. MRI is, therefore, the non-invasive diagnostic examination of ref-
erence, based on the semiological criteria of Lake-Louise, based on the identifica-
tion of edema and capillary hyperemia, necrosis or myocardial fibrosis [4]. In-
itially, established in 2009, they were revised in 2018 based on developments in 
cardiac MRI acquisition techniques, in particular T1 and T2 mapping sequences 
and estimation of the Extracellular Volume (ECV) fraction of the myocardium 
[5]. Some authors have also shown that MRI with the injection of gadolinium, in 
this clinical situation, makes it possible to make the differential diagnosis between 
ischemic and non-ischemic pathologies [6]. By applying this semiology, we sought 
to confirm in our study the contribution of cardiac MRI in the face of a clinical 
picture suggestive of myocarditis, for which the first-line examinations cannot 
formally conclude. 

2. Materials and Methods 

We conducted a retrospective descriptive study. It took place in the Radiology 
Department of the North Franche-Comte Hospital (France). It covered a period 
of 12 months, from January 2021 to December 2021. The study population con-
sisted of all patients seen for cardiac MRI. Were included in the study, patients in 
whom the diagnosis of myocarditis was retained in the presence of at least 2 of the 
3 Lake Louise criteria, namely myocardial hyperemia, highlighted by an early global 
enhancement of the myocardium on T1-weighted sequences with the injection of 
gadolinium, regional or global myocardial edema, demonstrated by a hyper sig-
nal in T2-weighted STIR sequence and myocardial necrosis or fibrosis, most of-
ten multifocal, of subepicardial location (as opposed to scars under endo-heart at-
tacks of ischemic origin), highlighted by late enhancement on T1-weighted se-
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quences with the injection of gadolinium. Patients with a doubtful diagnosis with 
the presence of a single Lake Louise criterion associated or not with pericardial 
effusion and those with a strong clinical and biological suspicion but without 
signs on the MRI were not retained. The examinations were carried out with a 
Phillips brand 1.5 T MRI machine commissioned in 2017. The absence of major 
absolute contraindications, including the presence of a stent or a metal valve, 
was verified at prior. The patients were installed in the supine position with the 
knees supported in half flexion by a foam wedge; a phased array coil (dedicated 
cardiac coil) was used. The myocardium study protocol included: cine-MRI in 
short axis, long axis and 4 chambers with determination of LVEF, T2-weighted 
morphological sequence, 3D viability sequence at 6 min in short axis, long axis 
and four chambers and PSIR short axis to study late enhancement 15 min after 
injection of gadolinium. 

The analysis was done by a senior radiologist, in two stages. First, a morpho-
logical analysis of the signal anomalies (shape and topography) according to the 
segmentation of the heart into 17 segments. Then, a functional analysis was done 
for the quantification of the systolic ejection fraction. We also looked for the 
presence of other signs such as valvular involvement. The parameters studied 
were recorded in the patient’s file. These parameters were the sex and age of the 
patients, the indications and the protocol of the MRI examination, then the 
morphological lesions (late enhancement under endocardial, intramural, under 
endocardial or transmural) and functional anomalies observed (akinesia, hypo-
kinesia or dyskinesia). Data entry and analysis were performed using Stata ver-
sion 14 software. We performed a simple descriptive analysis of the different va-
riables. 

3. Results 

Over a period of 12 months, 20 patients met our inclusion criteria out of a total 
of 214, i.e. 10.30% of patients who underwent cardiac MRI during the study pe-
riod. We found a male predominance with 11 men (55%) for 9 women (45%) or 
a sex ratio of 1.2. The mean age of the patients was 33.7 ± 14.3 with extremes of 
17 and 69 years. The majority age group (55%) was between 15 and 30 years old 
(Table 1). 

The reasons for consultation were dominated by clinical suspicion of myocar-
ditis and acute coronary syndrome respectively in 39% and 34% followed by 
chest pain in 27%. 

A morphological abnormality such as slight dilation of the left ventricle was 
observed in two patients, i.e. 10%. 

Regarding functional abnormalities, global hypokinesia of the left ventricle 
was observed in six patients, i.e. 30% associated with a drop in Left Ventricular 
Ejection Fraction (LVEF). There was no cardiac volume abnormality or valvular 
abnormality detected. 

For the diagnosis of myocarditis, all the patients presented a T2 STIR hyper 
signal and a late enhancement on the T1 PSIR sequences with injection of gado-
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linium (Figure 1 and Figure 2). 
The lesions were multisegmental and the majority were located in segments 12 

(anterolateral) in 50% and/or 11 (inferolateral) in 43%. 
There was a predominance of subepicardial lesions in 90% followed by intra-

mural lesions in 30%. The morphology of the lesions was mainly linear 90% 
and/or nodular 25%. Pericardial effusion was observed in four 20% patients. There 
was no transmural involvement or isolated subendocardial involvement (Table 
2). 

 
Table 1. Distribution of patients according to age. 

Age Frequency Percentage 

15 - 30 11 55 

30 - 45 4 20 

45 - 60 4 20 

≥60 1 5 

Total 20 100 

 

 
Figure 1. Cardiac MRI: (a) (long axis 2 chambers): pericardial effusion (red arrow); (b) 
and (c) late PSIR enhancement sequence 15 min after Gadolinium injection (2-cavity and 
4-cavity minor axis incidence): late enhancement with subepicardial distribution (red ar-
rows) in the median and apical, lateral and inferolateral wall. 

 

 
Figure 2. Cardiac MRI (short axis 2 chambers 
T2 STIR), edema in T2 hyper signal (red arrow) 
of the infero-lateral wall of the left ventricle. 

(a) (b) (c)
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Table 2. Distribution of patients according to the site of the lesion. 

Site Frequency Percentage 

Subepicardial 19 95 

Intramural 6 30 

Subendocardial 0 0 

Transmural 0 0 

4. Discussion 

Our study aimed to describe the MRI aspects of acute myocarditis. 

4.1. Limitations of the Study 

First of all, our workforce was, in fact during our study period we only listed 20 
cases of myocarditis. Cardiac MRI is a long and restrictive examination; it re-
quires in particular apneas and prolonged decubitus, as well as good cooperation 
from the patient. It is sometimes impossible to perform in arrhythmic or claus-
trophobic patients. There may therefore be a recruitment bias. 

No myocardial biopsy was performed, which currently remains the gold stan-
dard for the diagnosis of myocarditis [1]. It is invasive and often unprofitable 
[3], and is currently not indicated as first-line treatment in the absence of signs 
of severity [7] [8]. Our diagnoses were therefore established according to the 
MRI semiology already described [4] [9]. The concordance of our results with these 
studies contributes to the validation of this semiology and the diagnostic capaci-
ties of MRI, as a non-invasive method. 

4.2. Epidemioclinical Characteristics 

Our patients were young, with an average age of 33.7 ± 14.3 and extremes of 17 
and 69 years. Our result is close to that noted by Dubois (39.3 years) [10]. In our 
study, the patients were predominantly male (55%). This male predominance 
was observed in almost all of the available studies. Touré and Augier [11] [12] 
had observed it between 100% and 69%. In our series, the indication for MRI 
was dominated by clinical suspicion of myocarditis and acute coronary syn-
drome respectively in 39% and 34% followed by chest pain in 27%. In a study by 
Oloudé et al., coronary syndrome was the main indication for MRI 76% followed 
by suspicion of myocarditis 24% [13]. 

4.3. Examination Protocols 

The myocardium study protocol included for all patients: cine-MRI sequence in 
the short axis, long axis and 4 cavities with determination of the LVEF, T2-weighted 
morphological sequence, 3D viability sequence at 6 min in the short axis, long 
axis and four chambers and short-axis PSIR to study late enhancement 10 min 
after gadolinium injection. 

T1 and T2 maps of the myocardium, with quantification of the Extracellular 
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Volume (ECV), have recently been proposed for the tissue characterization of 
the myocardium. In patients with myocarditis, these techniques overcome cer-
tain limits of the Lake Louise criteria [14]. Mapping techniques provide quantit-
ative data on tissue magnetic properties, including myocardial T1 and T2 relaxa-
tion times, and are therefore less sensitive to the limitations of the often subjec-
tive or visual assessment of signal intensity. They were not carried out in our in 
our service given the unavailability on our device. The T2-weighted morpholog-
ical sequences made it possible to visualize in the patients edematous segments 
which appear in hyper signal within the myocardium. The dynamic sequences 
provided functional arguments concerning the systolic function of the LV (ejec-
tion fraction), the segmental kinetics, the measurements of diameters, thick-
nesses and volumes of the cardiac chambers. The sequences after injection con-
firmed the existence of a normal perfusion during the first pass. Late enhance-
ment sequences were able to highlight contrast-enhancing segments in patients. 
Delayed enhancement after injection of contrast product would therefore con-
stitute a sensitive and effective method for detecting the presence, distribution 
and extent of myocardial fibrosis or necrosis, and therefore myocarditis [15]. 
Several studies had correlated the presence of late enhancement and myocarditis 
proven by myocardial biopsy; with a specificity of 91.4% but a variable sensitivi-
ty of 73.8% on average. It would be possible that the sensitivity of this technique 
is dependent on the duration of the symptoms, with a higher sensitivity in the 
acute phase [16]. 

4.4. Morphological Lesions 

All the patients in our study had presented a linear and/or nodular hyper signal, 
independent of the vascular territories, not reaching the subendocardium, on the 
T2 STIR sequence and an enhancement at 15 min after injection of Gadolinium 
on the T1 PSIR sequence. Our results were in agreement with those of Paule and 
Feldman [1] [12] who had reported that the majority of patients presented hyper 
signals suggestive of acute myocarditis in 91% in T2 STIR and 97% on late en-
hancement in T1 PSIR at 15 min. after gadolinium injection. The most impor-
tant study concerning the analysis of myocarditis by MRI is that of Mahrholdt et 
al. [9], who evaluated 128 patients (87 of whom presented with myocarditis) by 
1.5 T MRI (cine MRI, late enhancement analysis), MRI-guided endomyocardial 
biopsies, histological and virological analyses. In this study, late enhancement 
was present in 95% of patients with active myocarditis, 40% of patients with 
healing myocarditis, and none of the patients with no histopathological criteria 
for myocarditis (except for a patient with cardiac amyloidosis). 

4.5. Topography of Lesions 

In our study, lesions predominated in segments 11 and 12 in 43% and 50%. Our 
results were slightly superior to those of Augier [17] who had shown a predo-
minance of lesions with contrast price at the level of segments 11 and 12 in 37% 
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for each of the sites. Other authors had also observed that generally, the prefe-
rential involvement would be the anterolateral wall, with or without thickening 
of the latter [18]. Mahroldt and Liu [8] [9] had also shown that the affected areas 
were in the early stage of the disease, the lateral wall (segment 11). At the level of 
the myocardium, the lesions were preferentially located subepicardial 90% 
and/or intramural 30%, never subendocardial. Our result was identical to that of 
Paule et al. who reported one or more foci of late subepicardial and/or intra-
myocardial enhancement in 90% of patients [12]. These results are in line with 
the data in the literature by constituting a reliable argument in favor of the di-
agnosis of acute myocarditis and helping to rule out an Acute Coronary Syn-
drome (ACS) [9]. In infarcts, the attack of the subendocardium is systematic and 
of more “brilliant” aspect because containing less viable myocytes between the 
areas of necroses [9]. 

4.6. Associated Lesions 

In our study, pericardial effusion was associated in 4 out of 20 patients, i.e. 20%. 
This result is consistent with that of Laissy who reported pericardial effusion in 
20% of patients [18]. Regarding functional abnormalities, we found global hypo-
kinesia associated with a decrease in LVEF in 30% of patients. Roditi et al. [7], 
on 12 MRIs of patients presenting with myocarditis, noting kinetic disorders at 
the level of the zones marked by late enhancement in ten patients, and normal 
kinetics at the level of the marked zones in two patients. Not all authors agree on 
the correspondence between areas with kinetic disturbance and areas of late en-
hancement: most publications report late enhancements located outside dyski-
netic areas [4] [18] [19]. 

5. Conclusion 

The results of our study are in agreement with those of previous studies. The di-
agnosis of myocarditis was made in all patients on 2 pathognomonic signs, namely 
a T2 STIR hyper signal and late enhancement at 15 min in T1 PSIR after injec-
tion of gadolinium. As described in the literature, our patients were young with a 
male predominance, consulting mostly for acute coronary syndrome and/or for 
clinical suspicion of myocarditis. Lesion locations were voluntarily subepicardial 
and/or intramural, never subendocardial. Global hypokinesia and pericardial effu-
sion were noted in some patients. On the other hand, there was neither valvular 
anomaly, nor anomaly of the cardiac volumes. 
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Abstract 
As children are prone to be more radiosensitive than adults, it is imperative to 
assess the Entrance Skin Doses (ESDs) for patients being examined by X-rays, 
in order to ensure the optimization of dose while considering a number of oth-
er fickles. The ESD received by 50 paediatrics (aged 1 - 13 years) undergoing 
8 types of X-ray examinations were measured at Federal Teaching Hospital, 
Ido-Ekiti, Ekiti, Nigeria, within a period of February 2019 to March 2020 us-
ing thermoluminescent dosimeters. The mean ± SD of ESDs were 0.85 ± 0.32, 
2.04 ± 0.75, 0.60 ± 0.07, 0.62 ± 0.22, 0.57 ± 0.24, 1.75 ± 0.76, 0.93 ± 0.31 and 
0.63 ± 0.06 mGy for Chest, Skull, Hand, Forearm, Knee, Abdomen, Leg and 
Feet, respectively. The mean ESDs were found to be within the recommended 
reference dose in all examinations, except for the Chest examination which 
was higher. The data obtained in this study will serve as existing data in Ni-
geria for future research works, as it would assist in optimizing dose to pa-
tients, especially the paediatrics. 
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1. Introduction 

In the diagnosis of pathological conditions, both in children and in adults, diag-
nostic radiology (otherwise known as X-rays) is an accepted imaging procedure 
that is typically used to diagnose bone degeneration, fractures, dislocations and 
infections in patients. However, it is important to understand the level of patient 
dose and corresponding factors that affect them [1] in order to achieve a good 
image quality production while minimizing the amount of dose a patient is be-
ing exposed to, most especially in paediatrics [2] [3]. This is because children 
live longer than adults, have growing organs and are prone to be more sensitive 
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to radiation effects than adults [4]. Thus, radiation protection of paediatric pa-
tients becomes important, as a result of the increased radiation risks to children. 

It is worthy of note that the major focus of medical concerns is to produce a 
good quality image while limiting the levels of radiation exposure to patients. 
This becomes more essential while handling children; unfortunately, the same 
cannot be said about the medical concerns in Nigeria. Substantial dose reduction 
during the X-ray examination is possible without detriment to the image quality 
[2] through proper justification, optimization and application of dose limits in 
the examination procedures used.  

The patient dose is often described by the Entrance Skin Dose (ESD), which is 
defined as the absorbed dose to air on the X-ray beam axis at the point where the 
X-ray beam enters the patient skin. Due to the fact that most diagnostic X-ray 
centres in Nigeria do not have a designated X-ray unit for paediatrics, such that 
the practice of radiographers in such units is basically for adults and inconside-
rate of children. Hence, there is a possibility of children being exposed to higher 
levels of radiation while undergoing X-ray examinations, which is why optimiza-
tion of dose and X-ray imaging parameters must be guided by the ALARA (As 
Low As Reasonably Achievable) principle [3]. Research work conducted in Ni-
geria on radiation dose to children in routine X-ray examination attributed the 
high ESD received by paediatric patients to a lack of dedicated X-ray units and 
personnel [5].  

A large number of examinations are being carried out in Nigeria; however, the 
available dose information for paediatric patients is grossly inadequate. On this 
note, this research aims to measure the Entrance Skin Dose (ESD) of paediatric 
patients undergoing diagnostic X-ray examinations in Federal Teaching Hospit-
al, Ido-Ekiti, Ekiti State. 

2. Materials and Methods 

This study was carried out at the radiology centre of Federal Teaching Hospital, 
Ido-Ekiti, Ekiti State, Nigeria in the period from February 2019 to March 2020. 
Due clearance was obtained from the ethical committee of the hospitals before 
commencing the research work, after which consent was obtained from parents 
or guardians of the patients. The sample size of 50 paediatric patients (male and 
female) between the ages of 1 - 13 years, who were referred to the X-ray unit of 
this hospital for diagnosis within the stated period, was considered. 

The specification of the X-ray machine in this facility is as follows: Neusoft 
XG-CS-R-N Model; manufactured in year 2011, Installed in year 2013 with a 
Filtration of 2.0 mm Al/24 kV; 3600 W. 

Different X-ray examinations including Chest PA, Skull AP, Hand AP, Fo-
rearm AP, Knee AP, Abdomen AP, Leg AP and Feet AP at a focus range of 70 - 
100. Abdomen AP was done at 100 cm while Chest PA was at 120 cm. The age, 
weight, height, gender and BMI, type of X-ray examination, exposure projection 
(AP/PA) and X-ray tube details (kVp and mAs) for each patient were duly rec-
orded. 
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Entrance Skin Dose (ESD) was measured using calibrated Thermo Lumines-
cent Dosemeters (TLDs), affixed to the skin of patient along the path of the 
primary X-ray beam to measure doses to the chest, skull, hand, forearm, knee, 
abdomen, leg and feet. The weight of the patients were recorded using the hos-
pital weighing scale, with a measuring tape held against a vertical pole to meas-
ure the height of the patient. The Body Mass Index (BMI) of the patient was 
calculated by dividing the weight (kg) of the patient by the square of the pa-
tient’s height (m). Data obtained were transferred to Microsoft Excel spread-
sheet, presented as mean ± SD and afterwards analysed using statistical Package 
for Social Sciences (SPSS Inc., Chicago, IL, USA) version 23.0. Correlation be-
tween ESD and patient characteristics/exposure parameters was statistically 
significant at the p < 0.05. 

3. Results  

Table 1 shows the mean ± SD values of all paediatric patients examined in this 
study. The sample size consists of 50 patients (30 males, 20 females) within the 
age range of 1 - 13 years with a mean age of 5.99 ± 3.80 years; weight ranged 
from 10 to 35 kg with a mean value of 22.56 ± 8.18 kg; the height ranged from 79 
to 128 cm (99.92 ± 20.30 cm) and the Body Mass Index (BMI) of 22.17 ± 3.03 
kg/m2 which ranged from 17.72 to 36.22 kg/m2. 

The mean ± SD values of the X-ray tube exposure parameters are presented in 
Table 2. The tube voltage (kVp) of 55.14 ± 15.05 ranged from 25 to 80, the tube 
current (mAs) of 9.60 ± 8.80 ranged from 2 to 30, the mean Focus to Skin Dis-
tance (FSD) ranged from 62 to 110 with a mean value of 87.98 ± 15.56 and the 
Entrance Skin Dose (ESD) had a mean value of 0.91 ± 0.49 mGy ranging from 
0.23 to 2.90 mGy. 

Table 3 shows a comparison of mean ESDs for different examinations observed 
in this study with other published works. The maximum ESD was observed in 
Skull AP (2.04 ± 0.75 mGy) while the minimum ESD was observed in Knee AP 
(0.57 ± 0.24 mGy).  

 
Table 1. Mean and standard deviation of patient demographic data. 

 Age (years) Weight (kg) Height (cm) BMI (kg/m2) 

Mean ± SD 5.99 ± 3.80 22.56 ± 8.18 99.92 ± 20.30 22.17 ± 3.03 

Min 2 10 79 17.72 

Max 13 35 128 36.22 

 
Table 2. Mean and standard deviation of radiography X-ray machine. 

 kVp mAs FSD ESD 

Mean ± SD 55.14 ±15.05 9.60 ± 8.80 87.98 ± 15.56 0.91 ± 0.49 

Min 25 2 62 0.23 

Max 80 30 110 2.90 
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In Table 4 and Table 5, it was observed that age and type of exposure projec-
tion had no significant relationship with ESD. However, the age group of 5 - <10 
years had the maximum number (21) of paediatric patients presenting for X-ray 
examinations and received the maximum ESD as seen in Table 6.  

The weight and height of the patients had significant impact on the ESDs 
while there was no correlation between the patients’ BMI and ESD (Table 7). A 
correlation between the exposure parameters in Table 8 shows that there is a 
significant relationship between the ESDs and kVp/mAs, however, there is no 
correlation between FSD and ESD. A published work has earlier stated that dose 
absorbed by the skin is directly proportional to the square of the peak voltage, 
the tube current and the duration of exposure [1]. 

 
Table 3. Mean and standard deviation of ESDs for different X-ray examinations. 

 ESD Recommended Standards 

 N Mean Min Max p-value EC, 1996 mGy NRPB, 2000 mGy 

Chest PA 8 0.85 ± 0.32 0.46 1.47  0.3 0.2 

Skull AP 3 2.04 ± 0.75 1.59 2.90  5 3 

Hand AP 11 0.60 ± 0.07 0.48 0.71  - - 

Forearm AP 5 0.62 ± 0.22 0.42 0.95 0.001 - - 

Knee AP 9 0.57 ± 0.24 0.29 1.10  - - 

Abdomen AP 2 1.75 ± 0.76 1.22 2.29  10 - 

Leg AP 10 0.93 ± 0.31 0.60 1.44  - - 

Feet AP 2 0.63 ± 0.06 0.58 0.67  - - 

Total 50 1.00 ± 0.57 0.71 1.44    

 
Table 4. Mean and standard deviation of ESDs according to gender. 

ESDs 

Gender N Mean ± SD Min Max p-value 

Male 30 1.01 ± 0.55 0.23 2.90  

Female 20 0.75 ± 0.34 0.29 2.06 0.658 

Total 50 0.88 ± 0.45 0.26 2.48  

 
Table 5. Mean and standard deviation of examination projections. 

ESDs 

Projection N Mean ± SD Min Max p-value 

AP 39 0.81 ± 0.48 0.29 2.90  

PA 11 0.96 ± 0.34 0.46 1.47 0.445 

Total 50 0.89 ± 0.41 0.28 2.19  
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Table 6. Mean and standard deviation of ESDs according to age group. 

ESDs 

Age (Years) N Mean ± SD Min Max p-value 

1 - <5 17 0.68 ± 0.20 0.32 1.29  

5 - <10 21 1.10 ± 0.62 0.29 2.90 0.807 

10 - 15 12 1.00 ± 0.43 0.23 2.06  

Total 50 0.93 ± 0.42 0.28 2.08  

 
Table 7. Correlation between the Entrance Skin Dose (ESD) and the patient characteris-
tics. 

Correlation between ESD and the Patient Characteristics 

Weight (kg) 
 
 

Height (cm) 
 
 

BMI (kg/m2) 
 
 

Age (years) 
 
 

Pearson Correlation (r) 
R2 

Significant Difference (p) 
Pearson Correlation (r) 

R2 
Significant Difference (p) 
Pearson Correlation (r) 

R2 
Significant Difference (p) 
Pearson Correlation (r) 

R2 
Significant Difference (p) 

0.266** 
0.071 
0.007 
0.253* 
0.064 
0.011 

−0.054 
0.003 
0.593 

0.263** 

0.069 
0.008 

*significant at 0.05 level (2-tailed), **significant at 0.01 level (2-tailed). 
 

Table 8. Correlation between the Entrance Skin Dose (ESD) and exposure parameters. 

Correlation between ESD and Exposure parameters 

Tube Voltage (kVp) 
 
 

Tube Current (mAs) 
 
 

FSD (cm) 
 
 

Pearson Correlation (r) 
R2 

Significant Difference (p) 
Pearson Correlation (r) 

R2 
Significant Difference (p) 
Pearson Correlation (r) 

R2 
Significant Difference (p) 

0.663** 
0.440 
0.000 

0.735** 
0.540 
0.000 
0.108 
0.012 
0.286 

*significant at 0.05 level (2-tailed), **significant at 0.01 level (2-tailed). 

4. Discussion 

The ESD of 50 patients (30 male; 20 female) were measured. In Table 3, it was 
observed that the measured ESDs in this study were lower than what was rec-
orded in other studies; although the measured ESD for chest (0.85 ± 0.32 mGy) 
in this study is higher than the recommended values [6] [7]. Also, the measured 
ESD for Skull AP (2.04 ± 0.75 mGy) in this study is close to what was recorded 
by the NRPB report [7] by 0.96 mGy, but lower than the value recorded by the 

https://doi.org/10.4236/ojrad.2023.131003


M. O. Adelayi, O. S. Ajayi 
 

 

DOI: 10.4236/ojrad.2023.131003 31 Open Journal of Radiology 
 

European Commission [6]. 
Similar examinations carried out in Sudan showed the measured ESDs for 

Chest PA, Skull AP and Abdomen AP to be 0.16, 0.55 and 0.46 mGy respectively 
[8]. A study in Iran recorded 0.09 mGy for Chest PA and 0.10 mGy for Abdo-
men AP [9] while a similar study in Saudi Arabia recorded 0.32, 0.40 and 0.35 
mGy for Chest PA, Skull AP and Abdomen AP respectively [10]. 

The type of equipment and radiographic technique used determines the quan-
tity of radiation dose received by a patient; however, this procedure differs from 
one hospital to another. For example, a study conducted in Korea used a focus 
range of 180 cm [11], a similar study conducted in Zimbabwe maintained a fo-
cus range of 100 cm [12] while this study used a focus range of 70 - 100 cm. The 
use of different focus range by different authors has an effect on reported patient 
doses and may explain the reason for having varying entrance skin dose as reported 
by the authors. A report of a study conducted in year 2003 stated that an increase 
in film focus reduces, to some extent, the radiation dose for X-ray examinations 
by about 33% - 44% [13]. 

Furthermore, the use of low kVp and high mAs contribute to the dose a pa-
tient receives. It was observed for all types of examinations and projections in 
this study, that the tube current (mAs) comprises of low tube voltage (25 - 80 
kVp) and high tube load (2 - 30 mAs) which is lower than the value [high vol-
tage (60 - 79 kVp) and low tube load (2 - 7 mAs)] recommended by the Euro-
pean Commission [6]. As a result, this study recorded a significant correlation (p 
< 0.01) between the ESDs and kVp/mAs (r = 0.663/r = 0.735 repectively). A sim-
ilar study carried out in three Nigerian Eastern hospitals recorded high doses of 
about 44.7% difference when compared with a similar study conducted in three 
Nigerian western hospitals; which was traceable to the use of low kVp and high 
mAs, as well as lack of standardization in procedures [14].  

It is expected that the ESD should increase as the patients’ weight increases. A 
correlation between ESD and patient weight in this study showed that the weight 
of the patients had significant impact on the ESDs (r = 0.266, p = 0.007). In ad-
dition to this, the age of patients is expected to affect the ESD value, however, it 
did not significantly contribute to the patient dose in this study (r = 0.263, p = 
0.008). This is similar to the findings reported by Atalabi et al., where age had no 
significant effect on the patient dose [5].  

However, it is expected that exposure factors should be selected carefully to 
ensure dose optimization while examining paediatric patients. Thus, the higher 
dose observed in this study for Chest PA is unhealthy for the paediatric popula-
tion. It was also observed in the course of the study that there is no designated 
X-ray department for children, such that the same X-ray exposure parameters 
are being used for both adult and paediatric populations.  

The major limitation of this study was that the number of paediatric patients 
coming for X-ray examination is very small, compared to adults…thus, took more 
time to get the desired number of patients. 
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5. Conclusion 

This study which was conducted at Federal Teaching Hospital Ido-Ekiti, Ekiti is 
considered to take a run at evaluating doses received by paediatric population 
between the ages of 1 - 13 years undergoing different X-ray examination proce-
dures; taking into account, there is a wide variation in patient sizes as children 
grow in body sizes and in age. The mean ESDs were found to be within the rec-
ommended reference dose in all examinations, except for the Chest PA which 
was higher than the recommended dose reference. The data obtained in this study 
will serve as existing data in Nigeria for future research works, as it would assist 
in optimizing dose to patients, especially the paediatric population. 
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Abstract 
Objective: The current research study aims to calculate entrance surface air 
kerma for skull, chest, cervical spine, lumbar spine, and pelvic X-ray exami-
nations in interior posterior and posterior interior positions and generate a 
method for chest dose reduction to decrease radiation risk. Materials and 
Methods: The indirect dose measurement was used in the current research. 
The X-ray tube output was measured using RAD-CHECK Plus ionization 
chamber and the indirect entrance surface air kerma was calculated via ap-
plying physical acquisition parameters such as a focus on skin distance, tube 
current times exposure time (mAs), and applied tube voltage (kV), and ap-
plying a mathematical model. Results: The main findings were obtained from 
comparing the radiation doses with the reference levels of International or-
ganizations such as the American College of Radiology and the International 
Atomic Energy Authority. The mean entrance skin dose for the skull (AP), 
skull (PA), skull (LAT), cervical spine (PA), cervical spine (LAT), lumbar spine 
(AP), lumbar spine (LAT), pelvis (AP), and pelvis (LAT) of adult X-ray ex-
aminations was within the diagnostic reference dose level values obtained by 
ACR (2018) except for the ESD for chest (AP) which was 0.88 mGy. Conclu-
sions: The results of the study concluded that by adjusting the applied tube 
voltage, kV, and tube current product time, mAs decreased the radiation dose 
to the chest X-ray by 58%. 
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1. Introduction 

Optimization of radiation dose delivered to patients is the main objective of radia-
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tion protection principles. The shortage in the entrance skin dose database and 
the probability of delivering an excess dose to patients lead to calculating the En-
trance Skin Dose (ESD) for patients undergoing diagnostic X-ray examinations and 
optimizing the dose delivered to the chest. Studying some factors affecting on 
patient doses should be made as a means to ensure the accuracy of the operating 
physical parameters and minimize a dose to a certain organ. Ionizing radiation 
in the medical field contributes significantly to the source of exposure of the pop-
ulation [1]. Dose measurements are required to comply with some international 
guidelines and regulations. The need for radiation dose assessment of patients dur-
ing diagnostic X-ray examinations has been highlighted by the increasing know-
ledge of the hazards of ionizing radiation. In today’s diagnostic radiology, there 
is a growing concern about radiation exposure. This can be seen in the recommen-
dations of the International Commission on Radiation Protection. The guiding 
principles for setting a Diagnostic Reference Level (DRL) are: 1) the regional, 
national, or local objective is clearly defined, including the degree of specifica-
tion of clinical and technical conditions for the medical imaging task; 2) the se-
lected value of the DRL is based on relevant regional, national, or local data; 3) 
the quantity used for the DRL can be obtained practically; 4) the quantity used 
for the DRL is a suitable measure of the relative change in patient tissue doses 
and, therefore, of the relative change in patient risk for the given medical imag-
ing task; and 5) how the DRL is to be applied in practice is clearly illustrated. All 
these recommendations advise that X-ray examinations should be conducted 
using techniques that keep patients’ doses as low as compatible with the medical 
purposes of the examinations [1]. The ESD is a measure of the radiation dose 
absorbed by the skin where the X-ray beam enters the patient. The application of 
radiation physics in medicine includes three medical practices: diagnostic X-ray, 
nuclear medicine, and radiotherapy. Diagnostic X-ray practice is one of the medi-
cal applications of radiation in medicine [2]. Ofori et al. (2014) calculated the mean 
ESD and effective dose of seven different examinations using Cal Dose software 
[3]. The results showed that the mean patient Entrance Surface Doses (ESDs) 
were 0.27 mGy, 0.43 mGy, 1.31 mGy, 1.05 mGy, 0.45 mGy, 2.10 mGy, 3.25 mGy 
and the mean effective doses were 0.02 mSv, 0.01 mSv, 0.09 mSv, 0.05 mSv, 0.03 
mSv, 0.13 mSv, 0.41 mSv for thorax (PA), thorax/chest (RLAT), pelvis (AP), cer-
vical spine (AP), cervical spine (LAT), thoracic spine (AP) and lumbar spine 
(AP) respectively. Mor et al. (2018) estimated doses for chest X-ray examina-
tions for adult patients using the indirect method and compared them with the 
Diagnostic Reference Levels (DRLs) [4]. Abubaker et al. (2017) estimated the En-
trance Surface Dose (ESD) for adult patients who underwent diagnosis via X-ray 
examinations in one of the radiographic centers in Sebha city. The ESD has been 
estimated indirectly using exposure factors for patents. The results showed that 
the mean patient Entrance Surface Doses (ESDs) were 41.73 ± 5.84 mGy, 7.43 ± 
2.58 mGy, 103.7 ± 125.53 mGy, 7.25 ± 4.32 mGy and 11.24 ± 16.18 mGy respec-
tively for pelvis (AP), chest (AP), lumbar spine (AP), cervical spine (AP) and 
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skull (AP). In the present investigation, the authors conducted a study to assess 
the entrance skin dose for ten types of X-ray examinations: skull, chest (PA), 
chest (AP), skull and pelvic of patients (adult) Radiology Unit in the Nuclear 
Research Center (NRC) using the indirect method and created a new method for 
dose reduction [5]. Mohamadain et al. (2013) estimated the effective doses and 
body organ doses due to chest examinations in infants and pediatrics. Two ex-
amination incidences, AP and PA for chest X-ray exposures were evaluated and 
compared with respect to the radiographic technique employed [6]. Komarskiy 
et al. (2014) reduced Pulse X-ray diagnostics is capable of reducing radiation expo-
sure considerably [7]. Njiki et al. (2019) investigated how accurate are TASMICS 
and TASMIP models in predicting the X-ray output of some Conventional Ra-
diology X-ray Units with high-frequency generators [8]. Bope et al. (2022) stu-
died the knowledge and practices of health professionals on the optimization of 
radiation protection in diagnostic radiology in children and adults in the general 
referral hospitals of Bukavu in South Kivu, DRC [9]. 

2. Materials and Methods 

The current X-ray Toshiba model delta ray (E7239X) has the following features: 
Specially processed Rhenium-tungsten faced molybdenum target of 74 mm di-
ameter. The tubes have foci 1.0 mm and 2.0 mm and are available for a maxi-
mum tube voltage of 125 kV with a single phase or three-phases accommodated 
with IEC 60526 type high voltage cable receptacles. Questionnaires were distri-
buted to radiographers in charge of diagnostic facilities. Each radiographer was 
asked to provide information with respect to his X-ray Radiography Unit, in-
cluding manufacturer, model, year of installation, physical half-value layer and 
X-ray exposure parameters such as kVp, mA, mAs, and Focus on Skin Distance 
(FSD). The ESD was assessed by the indirect method, using the data on the radi-
ation output of the X-ray tubes and exposure factors (kVp and mAs). The de-
tector was placed at a one-meter focus detector distance on the top of the table at 
80 kVp setting. For minimizing the influence of the heel effect, the detector 
should be placed as close to the central axis as possible. The Focus Film Distance 
(FFD) and radiographic exposure factors (kVp and mAs) used for X-ray examina-
tions were recorded on a self-designed questionnaire sheet. Datasheets were col-
lected on a weekly basis, and the exposure factors recorded were cross-checked 
against actual practice with the radiographers who recorded exposure factors. 
The ESD was calculated in the present work via entering parameters which are 
focal to skin distance, FSD, mAs, and kV in mathematical Equation (1) used by 
Davies et al. (1997) [10]. 

2 2100 100ESD O P mAs BSF
80 FSD

   = × × × ×   
   

              (1) 

where: O/P is the output in mGy/mAs of the X-ray tube at 80 KV at a distance 
100 cm normalized to 10 mAs. BSF is backscatter factor for a particular exami-
nation at the required potential and was taken (IAEA, 2014) mAs. The Output 
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was measured using RAD-CHECK Plus ionization chamber, Nuclear Asso-
ciates Division of Victoreen, Inc., USA with serial number 103008 and model 
06-526.  

3. Results  

Ten routine types of X-ray examinations were studied: skull (AP), skull (PA), 
skull (LAT), chest (PA), cervical spine (AP), cervical spine (LAT), lumbar spine 
(AP), lumbar spine (LAT), pelvis (AP) and pelvis (LAT). The X-ray tube poten-
tial (kVp) and tube loadings (mAs) selected for the adult patients focused on 
skin distance are presented in Table 1. The distributions of the mean values of 
ESD for patient exposures for individual patient’s exposures for the ten projec-
tions are shown as in Table 2. 
 
Table 1. Mean X-ray exposure parameters for each projection. 

Examination Projection kVp mAs Field Size, cm2 FSD, cm 

Skull (AP) PA 59 20 24 × 30 85 

Skull (PA) AP 58 20 24 × 30 95 

Chest (PA) AP 62 20 24 × 30 80 

Chest (AP) PA 60 20 24 × 30 180 

Cervical Spine (AP) AP 61 10 24 × 30 85 

Cervical Spine (LAT) LAT 61 10 24 × 30 107 

Lumbar Spine (AP) AP 91 20 14 × 17 76 

Lumbar Spine (LAT) LAT 85 20 14 × 17 71 

Pelvis (AP) AP 74 10 14 × 17 74 

Pelvis (LAT) LAT 85 20 14 × 17 75 

 
Table 2. The ESD (mGy) for adult patients and comparison with America College of Ra-
diology, 2018 [11] (ACR, 2018), and International Atomic Energy Agency, 2001 [12] 
(IAEA, 2001). 

Protocol Current Study ACR, 2018 IAEA, 2001 

Skull (AP) 0.73  5 

Skull (PA) 0.75  5 

Chest (PA) 0.17 0.15 0.4 

Chest (AP) 0.60 0.15 0.3 

Cervical Spine (AP) 0.43  5 

Cervical Spine LAT 0.24  10 

Lumbar Spine (AP) 2.11 6 10 

Cervical Spine (LAT) 2.56 15 10 

Pelvis (AP) 1.50 3.4 10 

Pelvis (LAT) 0.72 3.4 5 
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The mean entrance skin dose for the skull (AP), skull (PA), skull (LAT), cer-
vical spine (PA), cervical spine (LAT), lumbar spine (AP), lumbar spine (LAT), 
pelvis (AP) and pelvis (LAT) of adult X-ray examinations were within the diag-
nostic reference dose level values obtained by ACR (2018). The good results given 
by Radiology Unit would be due to the regular monitoring that the radiology de-
partment receives except the ESD for chest (AP) which was 0.88 mGy that high-
er than the diagnostic reference levels. 

Dose minimization to chest AP (adult) compartment during X-ray imag-
ing 

Dose reduction to chest X-ray examinations was carried out via increasing 
kVp by 15% and decreasing mAs by 50%. The indirect entrance skin dose is 
measured using the mathematical model as presented in Equation (1). The ESD 
for the chest X-ray examinations was reduced to 58% as shown in Table 3 and 
Figure 1. As the entrance skin dose to chest-AP decreases the effective dose the 
corresponding radiation risk will decrease too. 

X-ray acquisition parameters for chest AP for adults were reviewed to optim-
ize diagnostic reference dose levels. The mean dose reduction to the chest was 58% 
because of increasing high kVp by 15% and decreasing mAs by 50% without 
compromising the image quality. It is expected to enhance image quality with 
Digital Radiography (DR). Thus, the use of DR is associated with lower patient 
exposures because of very low imaging failure rates. The recommendation to avoid 
unnecessary radiation exposure is to apply the digital radiography to obtain im-
age quality.  

 
Table 3. ESD for chest and pelvic examinations before and after optimization. 

Examination 

Before Optimization After Optimization Dose Reduction 

Group A Group B  

kV mAs ESD (mGy) kV mAs ESD (mGy)  

Chest (AP) 62 20 0.88 65 6 0.26 58 

 

 
Figure 1. The ESD for chest (AP) before and after dose optimization. 
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4. Discussions 

It can be seen in Table 1 that the tube voltage used for different X-ray examina-
tions varied with respect to the type of X-ray examination. The European Com-
mission recommended the use of tube voltage values of 100 to 120 kVp for 
adults. In the current study, the tube voltage used for skull was 58 to 50 kVp and 
20 mAs; for chest was ranged from 60 to 62 and 20 mAs; for cervical spine (AP) 
was 61 kVp and 10 mAs; for cervical spine (LAT) was 61 kVp and 10 mAs; for 
lumbar spine (AP) was 91 kVp and 20 mAs; for lumbar spine (LAT) was 85 kVp 
and 20 mAs; for pelvis (AP) was 74 kVp and 10 mAs and for pelvis ( LAT) was 
85 kVp and 10 mAs [13]. Most X-ray conventional radiography was within the 
operating conditions of the kilo-voltage settings. The selected tube voltage for 
chest was lower than that reported by Akhdar (2007) by 62 kVp [14]. The tube 
loading (mAs) used in combination with tube voltage for different X-ray exami-
nations are presented in Table 1. The range of mAs used for most X-ray exami-
nations performed on patients was from 10 to 20 mAs. Generally, it can be ob-
served that the exposure factors used for patients in the present study comprised 
of high voltage (58 to 85 kVp) and low mAs (10 to 20 mAs) similar to values re-
ported by Akhdar (2007) [14] for all protocols and they were higher than value 
for chest AP protocol by 55 Kvp. In case of the current Pelvic-AP radiography 
imaging, 85 kVp is a fact so better use where photoelectric absorption is directly 
proportional with cube of atomic number and inversely proportional with triple 
of energy. Bones absorb more radiation because they contain a high amount of 
calcium [3]. As mentioned by many authors who stated that the absorbed dose 
in skin is directly proportional to tube current, the length of exposure time, and 
the square of peak kilovoltage [12] Cervical Spine. Table 2 presents the mean 
entrance skin dose for the skull, cervical spine (AP/LAT), lumbar spine (AP/LAT) 
and pelvic (AP/LAT) of adult X-ray examinations were within the diagnostic 
reference dose level of IAEA (2001) and ACR (2018) except the ESD for chest which 
was 1.44 mGy (higher than the diagnostic reference levels). The ESD (mGy) for 
chest (PA) was higher than (ACR, 2018) by 13.33% and lower than that reported 
by the IAEA (2001) by 57.5%. The ESD (mGy) for chest (AP) was higher than 
ACR (2018) by 75% and higher than that reported by the IAEA, (2001) by 50%. 
Image quality is automatically controlled because the use of X-ray machine has 
an option of digital imaging and reduces the dose as a function of Automatic 
Exposure Control (AEC). It can be seen in Table 2 that the ESD (mGy) for the 
AP skull was lower than reported by IAEA (2001) [12]. The ESD (mGy) for AP 
pelvic half that value recorded by the American College of Radiology, 2018 [11]. 
The measurement of the ESD for patients in the Radiology Department of the 
NRC was lower than the value of the international organizations except for chest 
(AP). It is expected to enhance image quality with digital radiography, and DR. 
Thus, the use of the DR is associated with lower patient exposures because of very 
low imaging failure rates. The recommendations to avoid unnecessary radiation 
exposure are could be implemented by applying digital radiography to obtain im-
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age quality. 

5. Conclusion 

The current research focuses on generating skin does baselines for diagnostic 
X-ray machines. The indirect entrance skin dose associated with X-ray examina-
tions does not exceed that recommended by IAEA and ACR. The mentioned me-
thod for dose estimation can predict the ESD before X-ray imaging. The study 
concluded that by adjusting applied tube voltage, kV, and tube current product 
time, mAs the radiation doses to the chest X-ray was decreased by 58% and a high 
image quality could be obtained using digital radiography.  
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Abstract 
Rationale and Objectives: Cystic lung disease may be accurately diagnosed 
by imaging interpretation of specialist radiologists, without other information. 
We hypothesized that with minimal training non-specialists could perform 
similarly to specialist physicians in the diagnosis of cystic lung disease. Methods: 
72 cystic lung disease cases and 25 cystic lung disease mimics were obtained 
from three sources: 1) a prospective acquired diffuse lung disease registry, 2) 
a retrospective search of medical records and 3) teaching files. Cases were ano-
nymized, randomized and interpreted by 7 diffuse lung disease specialists and 
15 non-specialist radiologists and pulmonologists. Clinical information other 
than age and sex was not provided. Prior to interpretation, non-specialists viewed 
a short PDF training document explaining cystic lung disease interpreta-
tion. Results: Correct first choice diagnosis of 85% - 88% may be achieved 
by high-performing specialist readers and 71% - 80% by non-specialists and 
lower-performing specialists, with mean accuracies in the diagnosis of LAM 
(91%, p < 0.0001), BHD (93%, p < 0.0001), PLCH (89%, p < 0.0001) and LIP 
(92%, p < 0.0001). A strategy based on cyst appearance: simple cysts (LAM), 
peri-septal cysts (BHD), bizarre-shaped cysts (PLCH) and vascular indented 
cysts (LIP) gave non-specialists accuracies of 90% (p < 0.0001), 94% (p < 0.0001), 
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92% (p < 0.0001) and 88% (p < 0.0001), respectively, for these diagnoses. Cys-
tic lung abnormalities caused by diseases other than LAM, BHD, PLCH and 
LIP are rarely accurately diagnosed by imaging alone. Conclusion: With spe-
cific but limited training, non-specialist physicians can diagnose cystic lung dis-
eases from CT appearance alone with similar accuracy to specialists, correctly 
identifying approximately 75% of cases. 
 

Keywords 
Lymphangioleiomyomatosis, Histiocytosis, Langerhans-Cell, Idiopathic  
Interstitial Pneumonias, Birt-Hogg-Dube Syndrome, Lung Diseases,  
Interstitial, Diagnoses, Differential 

 

1. Introduction 

Widespread cystic lung disease is an uncommon imaging finding that may be clini-
cally irrelevant or cause significant morbidity and mortality. Pulmonary cysts ap-
pear as low-attenuation regions with a surrounding wall and are often round or 
oval in shape, but other appearances may occur [1]. 

The most common causes of cystic lung disease are Lymphangioleiomyomatosis 
(LAM), Langerhans Cell Histiocytosis (PLCH), Birt-Hogg-Dube (BHD) syndrome 
and Lymphocytic Interstitial Pneumonia (LIP) [2] [3] [4] [5] [6]. Other causes in-
clude metastases, amyloidosis, neurofibromatosis, light-chain deposition disease, 
pneumocystis pneumonia, hypersensitivity pneumonitis, pulmonary interstitial 
glycogenosis and nonspecific interstitial pneumonia [2]-[12]. 

Most diffuse parenchymal lung diseases require clinical information to estab-
lish a diagnosis. However, the imaging appearance of cystic lung diseases is often 
diagnostic, even without clinical information [3] [13] [14]. Prior studies indicate 
that experts may be highly accurate in the diagnosis of cystic lung disease based 
on imaging appearance alone [2] [13]. Previous studies have suggested that pulmo-
nologists and trainees perform less well than chest radiologists [2]. Our hypothesis 
was that limited training with a simple strategy based on cyst appearance would 
allow non-specialists to achieve similar accuracy to experts in the diagnosis of cys-
tic lung disease.  

2. Materials and Methods 

The authors have no conflict of interest, the study is IRB-approved (IRB# 820774) 
and HIPA compliant. Informed consent was waived by the IRB. We acquired all 
cases of cystic lung disease available from a single medical center, from three 
sources: 1) our institution prospectively acquired diffuse lung disease registry, 2) 
a retrospective search of medical records, and 3) teaching files.  

Our institution began a diffuse lung disease registry in January 2013. To be 
entered into the registry, cases were evaluated jointly by two pulmonologists, a tho-
racic radiologist and a pulmonary pathologist and classified by cause and confi-
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dence in the diagnosis. Thirty-nine cases with moderate or high confidence diag-
nosis of cystic lung disease were included in this study (Figure 1). 

Our radiology information system database was searched using a commercially 
available search engine (MONTAGETM Search and Analytics, Nuance mPower 
Clinical Analytics, Nuance Communications, Inc.) from 2012-2018 for 5 thorac-
ic CT exam codes and the following search terms: “lymphangioleiomyomatosis”, 
“LAM”, “Langerhans cell histiocytosis”, “PLCH”, “eosinophilic granuloma”, 
“Birt-Hogg-Dube”, “Birt Hogg Dube”, “lymphocytic interstitial pneumonia”, “LIP” 
and “cystic PCP”. The time frame was chosen to match that of the ILD registry re-
sulting in 270 cases.  

CT reports and a limited evaluation of medical records separated cases into 
those likely or unlikely to meet criteria for a diagnosis of cystic lung disease. Caus-
es for exclusion at this stage included, 1) no evaluation by a pulmonologist (n = 
118), 2) duplicate cases (n = 27), 3) other lung disease diagnosed (n = 18), 4) a 
history of disease without imaging findings (n = 9), 5) superimposed lung dis-
ease (n = 6). Cases without a pulmonologist evaluation were excluded because anal-
ysis showed these cases were unlikely to have sufficient documentation to prove 
a diagnosis. Each “likely case” received an extensive review of medical records by 
two individuals independently, a chest radiologist and pulmonologist specializ-
ing in diffuse lung disease to determine if the case met criteria for a diagnosis of 
a cystic lung disease (LAM and LIP: American Thoracic Society guidelines [14] 
[15], PLCH: guidelines by Girschikofsky [16], BHD: guidelines by Menko [17]). 
Both reviewers had to agree on a diagnosis for study inclusion, adding 31 cases 
to the study. Teaching file case diagnoses were also confirmed by agreement fol-
lowing independent review of the medical record by both reviewers, adding 27 
cases to the study (Figure 1). 

The database was augmented with cases of emphysema, cystic bronchiectasis 
and honeycombing that might be confused with cystic lung disease. Proof of di-
agnosis followed the same protocol as the cystic lung diseases, but cases were se-
lected for a high likelihood of confusion with cystic lung disease.  

 

 
Figure 1. Source of cases for the cystic lung disease database. 
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Searches yielded a total of 72 cystic lung disease cases and 25 cystic mimics.  

2.1. Reviewers 

Cases were anonymized, randomized and blindly reviewed by 22 individuals of 
varying experience for the diagnosis of cystic lung disease. Reviewers were re-
cruited from several medical centers in our metropolitan area. Seven reviewers 
were specialists in thoracic imaging or pulmonologists specializing in diffuse 
lung diseases. The remaining reviewers were non-specialist radiologists or pulmo-
nologists. The reviewers had not previously been exposed to the any cases used in 
the study. 

2.2. Training Algorithm 

Two separate training documents were created and tested. A PDF document of 
12 PowerPoint slides, which is a synopsis of the experience of the first author, a 
radiologist with 24 years of subspecialty experience, outlined a method with im-
aging examples, for distinguishing cystic lung diseases. The algorithm is similar 
to one independently proposed by another group [3] and is follows a pattern 
typically used by chest radiologists. The critical points of the document are as 
follows: 

1) True cysts must be distinguished from honeycombing, emphysema, and cys-
tic bronchiectasis. 

2) Most common cystic lung diseases are: LAM, PLCH, BHD and LIP. 
3) Simple cysts have round or oval shape and a thin wall. 
4) Number of cysts may be helpful in the diagnosis. High profusion simple cysts 

(defined as ≥100) (Figure 2) is usually LAM. A low profusion of simple cysts (de-
fined as <50) is usually BHD or LIP. 

5) Appearance of BHD cysts may be peri-septal or peri-pleural and lenticular in 
shape (Figure 3). 

 

 
Figure 2. Simple cysts. This 29-year-old woman had a history 
of tuberous sclerosis and multiple spontaneous pneumothoraxes. 
The CT exam shows a high profusion of round or oval, thin 
walled (simple) cysts.  
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Figure 3. Birt-Hogg-Dube (BHD) type cysts. This 33-year-old 
woman presented with a spontaneous pneumothorax. Two lower 
lobe cysts have a vague lenticular shape. This is because sides of 
the cysts are created by borders of secondary pulmonary lobules 
(white arrows). These peri-septal cysts are typical of BHD. There 
is also a larger cyst adjacent to the pleura (peri-pleural) (black ar-
row). Evaluation of performance after Round 1, suggested that 
this feature introduced diagnostic error in the diagnosis of BHD 
and was excluded as a criterion in the second teaching document. 

 
6) Appearance of PLCH cyst may be irregularly or bizarrely shaped and/or 

thick walled (Figure 4). 
Analysis of results of the first round of cases showed deficiencies in the train-

ing document and a second training document was created, with five prin-
cipal changes: 1) Cyst counting was discarded and LAM was recommended as 
first choice diagnosis of all simple cysts in women and PLCH as first diagno-
sis in men, 2) BHD-type cysts were defined as peri-septal (removing peri-pleural 
from the criteria), 3) PLCH-type cysts were defined as irregularly or bizarre-
ly shaped (removing thick walled as a criterion), 4) cheerio-type cysts (small 
thick walled cysts) were explained to be caused by a variety of diseases, usually 
PLCH and metastasis in approximately equal frequency (Figure 5), 5) LIP-type 
cysts were defined as those containing vascular indentations or septations (Figure 
6).  

2.3. Image Review 

Images were viewed using a DICOM imaging database (Horus, 2019 Horus project, 
https://horosproject.org/) on each reader’s personal computer. Horus allows for 
scrollable images, window/level conversion and coronal and axial reconstruc-
tions. Reviewers were blinded to clinical information, except age and sex. Re-
viewers were aware that the database contained a variety of cystic lung diseases 
and cystic mimics but were unaware of the relative frequencies within the data-
base.  

Specialists reviewed the cases without other input. In Round 1, 8 non-specialist 
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reviewers were given the first training document prior to case interpretation. In 
Round 2, non-specialists numbers 2 and 5 reviewed the second training docu-
ment and re-evaluated cases for the diagnosis of disease an average of 4 months 
after the previous interpretation session. An additional 7 new non-specialists were 
given the second training document prior to evaluation of cases. 

 

 
Figure 4. Langerhans Cell Histiocytosis (PLCH) type cysts. 
This 23-year-old woman had a 10-pack year smoking his-
tory. Small arrows demonstrate irregularly, bizarrely shaped 
cysts, these are characteristic of PLCH and usually indicate 
a diagnosis of PLCH. The large arrow shows a thick-walled 
cyst that can be seen in PLCH but is not specific.  

 

 
(a)                          (b) 

Figure 5. Cheerio type cysts in LCH and metastasis. (a) This 54-year-old 
woman had a chronic cough. The CT image shows several small thick-walled 
cysts proven to be due to LCH. (b) This 54-year-old woman had a history of 
colon cancer. The CT image shows several thick-walled cysts due to metas-
tasis.  
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Figure 6. Lymphocytic Interstitial Pneumonia (LIP) type cysts. 
This 56-year-old woman had a history of Sjogren syndrome. 
There are three cysts where the wall is indented by blood ves-
sels (small arrows). One also has a thin septation (large arrow). 
These features often indicate a diagnosis of LIP.  

 
Reviewers were asked to provide the 1st, 2nd and 3rd most likely diagnoses for 

each case to simulate a typical differential diagnosis given in radiology reports. 
Answers were selected from a drop-down menu: LAM, PLCH, BHD, LIP, ho-
neycombing, bronchiectasis, emphysema and other diagnosis. If “other diagno-
sis” was selected, an additional free text box was supplied. Non-specialist re-
viewers in Round 1 were asked to provide the cyst character and cyst number 
from specified lists. Cyst character choices were: 1) true cyst: thin wall round or 
oval, 2) true cyst: thick wall and/or bizarre shape, 3) true cyst: lenticular, sub-
pleural and/or peri-septal, 4) true cyst: other, 5) honeycombing, 6) emphysema, 
7) cystic bronchiectasis. Cyst number choices: 1) ≥100, 2) <50, 3) 51 - 99, 4) <5, 
and 5) Not applicable. Reviewers in Round 2 were asked to evaluate for cyst 
character with choices: 1) Simple-type, 2) BHD-type, 3) PLCH-type, 4) LIP type, 
5) cheerio-type, 6) other.  

2.4. Statistical Evaluation 

Data were imported into the R statistical environment for analyses [18]. Basic sta-
tistical tabulations were made to count the number of correct diagnoses for each 
rater. Diagnostic performance was assessed for each rater by calculating sensitiv-
ity, specificity Positive Predictive Value (PPV), Negative Predictive Value (NPV), 
and accuracy for each diagnosis separately (i.e. LAM, LCH, LIP, BHD, Mimics). 
Total accuracy (i.e. irrespective of specific diagnoses) was also assessed. For each 
rater, Receiver Operating Characteristic (ROC) curves were generated for each 
diagnosis, and the Area under the Curve (AUC) was estimated. In addition to in-
dividual measures, group estimates (e.g. pulmonary specialists as a whole) were 
estimated based on group means. 95% confidence intervals for proportions were 
estimated based on the formula: 

( )ˆ ˆ1
ˆ

p p
p z

N
∗ −

± ∗  
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where p̂  represents the proportion, N the sample size, and z = 1.96. Categori-
cal variables were also evaluated for statistical significance with two-tailed Fish-
er’s exact tests.  

3. Results 
3.1. Characteristics of the Database 

The patients’ age ranged from 20 to 86 years with both mean and median ages of 
48 years. Women accounted for 71/97, 73% of patients. The causes, frequency 
and source of cases are listed in Table 1. 

3.2. Reader Performance 

Table 2 lists the clinical experience of the reviewers and the fraction of correct 
1st choice and 1st and 2nd choice diagnoses. Rad-specialists 1 and 2 performed 
better than all other readers with 1st diagnosis true positive rates of 87% and 
82%, respectively. Utilizing the first teaching tool, two non-specialist readers, a 
3rd year radiology resident and a general pulmonologist were able to outper-
form rad-specialists 3 and 4 and the two pulmonary specialists. Four addition-
al non-specialists: a body imaging fellow, interventional radiologist, body imaging 
radiologist and a 2nd year radiology resident performed similarly to rad-specialists 
4 and 5 and the two pulmonary specialists.  

Using the second teaching tool, two non-specialists (general pulmonologist, 
body imaging radiologist) outperformed rad-specialists 3 and 4 and the two pul-
monary specialists. Five other non-specialists (two 4th year radiology residents, 
one 3rd year radiology resident, and two 2nd year radiology residents) performed 
similarly to rad-specialists 4 and 5 and the two pulmonary specialists. 

Table 3 shows the performance of readers for the correct first choice diagnosis 
of LAM, BHD, LIP, LCH and non-cystic lung disease respectively. Rad-specialists 1 
and 2 achieved accuracies of greater than 94% for each of the five specific diag-
noses. The accuracy of diagnosis was high, usually >80% for all readers indivi-
dually. Of the 115 diagnostic accuracies measured (23 readers × 5 categories), 86 
(75%) were ≥90% among both specialists and non-specialists. In general, across 
both rounds, the lowest performance measures for all diseases were the sensitivity 
and PPV.  

Figure 7 shows the mean and standard deviation of the area under the ROC 
curve for each of the reader groups for each of the diseases, showing overlap in the 
performance of all readers. However, two rad-specialists, 1 and 2, did generally 
better than all other readers for all diseases. The performance of rad-specialists 3 
and 4, the pulmonary specialists and the non-specialists for each diagnosis is 
nearly indistinguishable. LIP was the most problematic diagnosis with the lowest 
average area under the ROC curve and the greatest variance among all readers. 
The training algorithms in Round 1 and Round 2 performed similarly, with the 
exception of the diagnosis of LIP, where the second algorithm resulted in sub-
stantial improvement in diagnosis.  
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Table 1. Causes of cystic lung disease and cystic mimics. 

Cystic Disease DLD Registry* MR Search^ Teaching File Total 

LAM 19 1 10 30 

PLCH 4 5 4 13 

BHD 2 13 1 16 

LIP 2 5 0 7 

Cystic Metastasis 0 0 3 3 

Amyloidosis 0 0 1 1 

Neurofibromatosis 0 1 0 1 

Sarcoidosis 1 0 0 1 

IPF 0 1 0 1 

Total Cystic Disease 28 26 19 73 

Cystic Mimics 
    

Emphysema 1 4 4 9 

Honeycombing 
    

IPF 2 0 0 2 

CTD 3 0 0 3 

HP 1 0 1 2 

Sarcoidosis 4 1 0 5 

Cystic Bronchiectasis 0 0 3 3 

Total Mimics 11 5 8 24 

Grand Total 39 31 27 97 

*Diffuse lung disease registry; ^Medical records search. 
 

 
Figure 7. Areas under the ROC curve for reader type and clinical diagnosis. The figure shows the mean and standard 
deviation of the area under the ROC curve for each reader group and each diagnosis. 
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Table 2. Diagnostic accuracy of cystic lung disease diagnosis as a function of training. 

Reader Specialty Years Practice Pulm ILD+ Dx1 TP* Dx1-2 TP^ 

Rad-specialist 1 Radiology (Thoracic) 5 5 yr 83 (86) 87 (91) 

Rad-specialist 2 Radiology (Thoracic) 5 5 yr 79 (82) 81 (84) 

Rad-specialist 3 Radiology (Thoracic) 8 4 yr 73 (75) 81 (84) 

Rad-specialist 4 Radiology (Thoracic) 1 1 yr 67 (70) 78 (81) 

Pulm-specialist 1 Pulmonology (DLD specialist) 7 7 yr 66 (69) 71 (74) 

Pulm-specialist 2 Pulmonology (DLD specialist) 5 5 yr 68 (71) 74 (77) 

Round 1 
     

Non-specialist 1 Radiology (3rd Year Resident) 3 2 mo 78 (81) 80 (83) 

Non-specialist 2 Pulmonology (General) 14 6 mo 73(76) 76 (79) 

Non-specialist 3 Radiology (Body Imaging Fellow) 6 6 mo 69 (72) 77 (80) 

Non-specialist 4 Radiology (Interventional) 6 4 mo 71 (74) 77 (79) 

Non-specialist 5 Radiology (Body Imaging) 13 4 mo 69 (72) 74 (77) 

Non-specialist 6 Radiology (2nd Year Resident) 1.8 2 mo 67 (70) 75 (78) 

Non-specialist 7 Radiology (1st Year Resident) 0.8 1 mo 55 (58) 69 (72) 

Non-specialist 8 Radiology (2nd Year Resident) 1.8 3 mo 54 (57) 69 (72) 

Round 2 
     

Non-specialist 2 Pulmonology (General) 14 6 mo 77 (80) 83 (87) 

Non-specialist 5 Radiology (Body Imaging) 13 4 mo 79 (82) 86 (90) 

Non-specialist 9 Radiology (4th Year Resident) 3.3 3 mo 75 (78) 87 (91) 

Non-specialist 10 Radiology (4th Year Resident) 3.3 3 mo 72 (75) 76 (79) 

Non-specialist 11 Radiology (3rd Year Resident) 2.3 3 mo 72 (75) 73 (76) 

Non-specialist 12 Radiology (2nd Year Resident) 1.3 1 mo 73 (76) 87 (91) 

Non-specialist 13 Radiology (2nd Year Resident) 1.3 2 mo 69 (72) 82 (86) 

Non-specialist 14 Radiology (2nd Year Resident) 1.3 2 mo 64 (66) 75 (78) 

Non-specialist 15 Radiology (1st Year Resident) 0.3 1 mo 64 (67) 71 (74) 

+Years of specialization in thoracic radiology (radiologists) or pulmonary diffuse infiltrative lung disease (pulmonologists) or 
months of specific training in thoracic radiology or diffuse infiltrative lung disease. *Frequency of 1st choice correct diagnosis (% 
correct in parentheses). ^Frequency that correct diagnosis was in the top 2 diagnoses (% correct in parentheses). 

3.3. Rare Causes of Cystic Lung Disease 

There were 7 cases of cystic disease (9.6%) that were not one of the four com-
mon causes: 3 cases of cystic metastases and one each of amyloidosis, neurofi-
bromatosis, sarcoidosis and idiopathic pulmonary fibrosis. None of these, except 
for cystic metastasis, were correctly diagnosed by any reader. Correct diagnosis of 
cystic metastasis was made in 2/12 (17%) instances by rad-specialists. Non-specialists 
correctly diagnosed cystic metastasis in 0/24 instances in Round 1 and in 15/27 
(55%) instances in Round 2 after specific training regarding cheerio type cysts was 
given in the second training document.  
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Table 3. Reader performance in the diagnosis of LAM, BHD, PLCH, LIP and cystic mimics. 

Reader Sensitivity Specificity PPV NPV Accuracy 

Lymphangioleiomyomatosis (N = 30) 
     

Rad-specialists 1-2 90 (84 - 96) 99 (96 - 99) 97 (93 - 99) 96 (92 - 99) 96 (92 - 99) 

Rad-specialists 3-4 80 (72 - 88) 96 (91 - 99) 89 (83 - 95) 91 (86 - 97) 91 (85 - 96) 

Pulmonary Specialists 92 (86 - 97) 92 (86 - 97) 84 (77 - 91) 96 (92 - 99) 92 (86 - 97) 

Round 1 Non-specialists 81 (73 - 89) 94 (89 - 99) 86 (79 - 93) 92 (86 - 97) 90 (84 - 96) 

Round 2 Non-specialists 86 (79 - 93) 94 (89 - 98) 86 (79 - 93) 94 (89 - 99) 91 (86 - 97) 

All Readers 84 (77 - 92) 94 (89 - 99) 87 (80 - 94) 93 (88 - 98) 91 (85 - 97) 

Birt Hogg Dube Syndrome (N = 16) 
     

Rad-specialists 1-2 78 (70 - 86) 99 (97 - 99) 94 (89 - 99) 96 (92 - 99) 95 (91 - 99) 

Rad-specialists 3-4 56 (46 - 66) 98 (95 - 99) 90 (84 - 96) 92 (87 - 97) 91 (86 - 97) 

Pulmonary Specialists 56 (46 - 66) 94 (90 - 99) 68 (58 - 77) 92 (86 - 97) 88 (82 - 95) 

Round 1 Non-specialists 81 (73 - 89) 94 (89 - 99) 73 (64 - 82) 96 (92 - 99) 92 (86 - 97) 

Round 2 Non-specialists 77 (69 - 85) 97 (94 - 99) 86 (79 - 93) 96 (91 - 99) 94 (89 - 99) 

All Readers 75 (66 - 84) 96 (92 - 99) 81 (73 - 89) 95 (91 - 99) 93 (87 - 98) 

Langerhans Cell Histiocytosis (N = 13) 
     

Rad-specialists 1-2 88 (82 - 95) 95 (91 - 99) 76 (67 - 84) 98 (96 - 99) 94 (90 - 99) 

Rad-specialists 3-4 85 (77 - 92) 92 (87 - 98) 68 (59 - 77) 98 (95 - 99) 91 (86 - 97) 

Pulmonary Specialists 58 (48 - 68) 92 (87 - 98) 54 (44 - 64) 93 (88 - 98) 88 (81 - 94) 

Round 1 Non-specialists 75 (66 - 84) 86 (79 - 93) 47 (37 - 57) 96 (92 - 99) 85 (78 - 92) 

Round 2 Non-specialists 68 (59 - 78) 92 (87 - 97) 59 (49 - 69) 95 (91 - 99) 89 (83 - 95) 

All Readers 73 (64 - 82) 90 (85 - 96) 57 (47 - 67) 96 (92 - 99) 88 (82 - 94) 

Lymphocytic Interstitial Pneumonia (N = 7) 
    

Rad-specialists 1 - 2 86 (79 - 93) 95 (91 - 99) 61 (51 - 70) 99 (97 - 99) 94 (90 - 99) 

Rad-specialists 3 - 4 57 (47 - 67) 92 (87 - 98) 51 (41 - 61) 97 (93 - 99) 90 (84 - 96) 

Pulmonary Specialists 64 (55 - 74) 96 (91 - 99) 56 (46 - 66) 97 (94 - 99) 93 (88 - 98) 

Round 1 Non-specialists 36 (26 - 45) 97 (94 - 99) 56 (46 - 65) 95 (91 - 99) 93 (88 - 98) 

Round 2 Non-specialists 76 (68 - 85) 93 (88 - 98) 47 (37 - 57) 98 (95 - 99) 92 (86 - 97) 

All Readers 60 (51 - 70) 95 (90 - 99) 52 (42 - 62) 97 (93 - 99) 92 (87 - 98) 

Cystic Lung Disease Mimics (N = 24) 
     

Rad-specialists 1 - 2 96 (92 - 99) 97 (93 - 99) 91 (85 - 97) 99 (96 - 99) 96 (93 - 99) 

Rad-specialists 3 - 4 90 (84 - 96) 94 (89 - 99) 83 (76 - 92) 96 (93 - 99) 93 (88 - 98) 

Pulmonary Specialists 84 (77 - 91) 94 (90 - 99) 85 (78 - 92) 95 (90 - 99) 92 (86 - 97) 

Round 1 Non-specialists 80 (71 - 88) 96 (92 - 99) 88 (81 - 94) 93 (88 - 98) 92 (86 - 97) 

Round 2 Non-specialists 77 (69 - 86) 97 (94 - 99) 92 (86 - 97) 93 (87 - 98) 92 (87 - 98) 

All Readers 81 (74 - 89) 96 (92 - 99) 89 (83 - 95) 94 (89 - 99) 92 (87 - 98) 
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Table 4. Performance of cyst characteristics in diagnosing cystic lung diseases by 
non-specialists. 

Cyst Type Sensitivity Specificity PPV NPV Accuracy 

Simple Cyst (LAM) 
    

Non-specialists 88 (83 - 91) 91 (89 - 93) 83 (78 - 96) 94 (92 - 96) 90 (88 - 92) 

Simple Cyst + Female* (LAM) 
    

Non-specialists 91 (86 - 94) 94 (91 - 95) 86 (82 - 89) 96 (94 - 97) 92 (91 - 94) 

BHD-type 
     

Non-specialists 76 (68 - 82) 98 (96 - 99) 86 (80 - 91) 95 (94 - 96) 94 (92 - 96) 

LIP-type 
     

Non-specialists 73 (60 - 83) 93 (91 - 95) 45 (38 - 52) 98 (97 - 99) 92 (89 - 93) 

PLCH-type 
     

Non-specialists 38 (30 - 48) 96 (94 - 97) 59 (49 - 69) 91 (90 - 92) 88 (86 - 90) 

*If both simple cyst and female as criteria for Dx of LAM 

3.4. Causes of Misdiagnosis 

There was a subset of cases that accounted for the majority of the remaining di-
agnostic errors. For 22 cases (23%) in Round 1, ≤50% of observers (0 - 7/14 ob-
servers) correctly diagnosed disease. For 22 cases (23%) in Round 2, ≤55% of 
observers (0 - 5/9 observers) correctly diagnosed disease. Seven cases were the 
uncommon cystic diseases discussed previously and two were cases where supe-
rimposed emphysema confused the case. The majority of misdiagnosed cases were 
confined to a small number of the common causes of cystic lung disease: LAM, 
PLCH, BHD and LIP (5 LIP, 3 LAM, 2 BHD and 2 PLCH in Round 1 and 4 BHD, 
3 LAM, 3 PLCH, 1 LIP and 4 cystic mimics in Round 2). 

3.5. Evaluation of Diagnostic Strategies 

We employed two different teaching strategies. Round 1 used a combination of 
cyst characteristics and cyst number to inform a diagnosis similar to current con-
ventional teaching strategies. Round 2 relied exclusively on the recognition of 
five cyst types: 1) simple-type, 2) BHD-type, 3) PLCH-type, 4) LIP-type and 5) 
cheerio-type. Strategy 2 slightly outperformed strategy 1, predominantly because 
of improved diagnosis of LIP. Two individuals, non-specialists 2 and 5 were in-
volved in both rounds of testing and both improved with the second strategy.  

The performance characteristics of the various cyst types for their respective 
diseases are listed in Table 4. In general, the cyst types are moderately to highly 
specific for the disease with specificities from 91% - 100%. However, with the ex-
ception of simple cysts for the diagnosis of LAM, the sensitivity of cyst types was 
moderate to low. 

4. Discussion 

Our study and others [2] [3] [13] [19] indicate that cystic lung diseases can be accu-
rately diagnosed based solely on imaging characteristics, with a correct first-choice 

https://doi.org/10.4236/ojrad.2023.131005


W. T. Miller et al. 
 

 

DOI: 10.4236/ojrad.2023.131005 54 Open Journal of Radiology 
 

diagnosis of as high as 86% by the best-performing specialists. This accuracy is 
principally due to the diagnosis of the most common cystic lung diseases: LAM 
(combined accuracy 91%), BHD (combined accuracy of 93%), LIP (combined 
accuracy of 92%) and PLCH (combined accuracy of 88%). Previous reports have 
shown similar accuracy in the diagnosis of LAM and LIP but lesser accuracy in 
the diagnosis of PLCH [2].  

Previous studies have suggested that pulmonologists and trainees perform 
less well than chest radiologists [2], a finding we also showed when comparing 
non-specialists with our highest-performing chest radiologists. However, we 
have demonstrated that with minimal training, non-specialist radiologists and 
pulmonologists can also have high performance with the correct first choice di-
agnosis of as high as 82% which is similar to some specialists.  

We devised two training strategies, both of which helped non-specialist read-
ers achieve moderate to high accuracy in the diagnosis of common cystic lung dis-
eases. The second training strategy performed slightly better than the first. This 
second strategy is simpler and is based on the recognition of 4 cyst types: Sim-
ple-type, BHD-type, PLCH-type and LIP-type cysts that are moderate to highly 
predictive of LAM, BHD, PLCH and LIP respectively.  

Misdiagnosis related to the cheerio sign, small thick-walled cysts, was an im-
portant cause of reduced accuracy, a finding that has not been noted by prior 
studies. This sign, which is commonly associated with PLCH, was therefore in-
terpreted as PLCH by nearly all reviewers in Round 1. However, in our database, 
metastasis, another known cause of the cheerio sign [7] [15], accounted for half 
of the cases. In Round 2, the training document specifically noted that the chee-
rio sign could be caused by both metastasis and PLCH and suggested that lower 
predominant cheerio signs are likely metastasis and upper predominant cheerio 
signs are likely PLCH. This strategy reduced, by half, diagnostic errors of chee-
rio-type cysts. Other reported causes of the cheerio sign include, amyloidosis 
(present in our database) adenocarcinoma spectrum lesions, primary lung car-
cinoma, granulomatosis with polyangiitis, rheumatoid nodules and pulmonary 
meningothelial-like nodules [20] [21]. If our database is representative of the gen-
eral population, cheerio-type cysts are caused by metastasis and PLCH in approx-
imately equal frequency. 

To simulate clinical practice, we included lung diseases such as emphysema, 
cystic bronchiectasis and severe honeycombing that might be confused with cys-
tic lung disease, a confounding factor that previous studies have not included [2] 
[3] [13] [19]. We have shown that readers can usually distinguish cystic lung dis-
eases from mimics with a combined accuracy of 92%. 

In our database, a significant fraction of diagnostic errors were due to rare caus-
es of cystic lung disease including cystic metastases, amyloidosis, neurofibromato-
sis, sarcoidosis, and idiopathic pulmonary fibrosis. With the exception of cystic me-
tastasis, none of these diagnoses were correctly diagnosed. Imaging alone is usually 
not adequate to diagnose these cases. 

The majority of the remainder of diagnostic errors occurred in a small subset 
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of cases, 13 - 15 of 97 cases, or 13% - 15% in our database. This finding suggests 
that in most cases, approximately 85% - 87%, of LAM, BHD, PLCH and LIP 
produce cysts with the characteristic cyst features outlined in this report and can 
be identified by trained non-specialists. However, there are small subsets of 
LAM, BHD, PLCH and LIP that produce cysts that are not characteristic of the 
disease or for other reasons are easily misclassified.  

Our study has strengths related to a large number of cases and large number 
and varied experiences of readers. In addition, our training algorithm is a teach-
ing tool that can be readily and widely utilized in clinical practice. The principal 
limitation of the study is the source of the cases. Sixty percent of cases were ob-
tained by retrospective review of the medical records or from teaching files. There 
is a possibility that biases regarding cyst appearance were introduced in this process. 
There were no normal exams and the relative frequency of cystic disease and 
cystic mimics was not controlled. This may have increased reader performance 
compared with the daily practice where cystic diseases are rarely seen and cystic 
mimics are more common. The low number of pulmonologists participating in the 
study is another limitation such that little can be deduced about differences in 
performance between radiologists and pulmonologists.  

5. Conclusion 

In conclusion, most cases of cystic lung diseases can be accurately diagnosed from 
their appearance on thin-section CT utilizing a novel strategy based on 5 cyst ap-
pearances: 1) Simple-type, 2) BHD-type, 3) PLCH-type, 4) LIP-type and 5) Chee-
rio-type. With limited training, non-specialist radiologists and non-specialist pul-
monologists can perform as well or better than some diffuse lung disease special-
ists, although not as well as the highest-performing specialists. 
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LAM: Lymphangioleiomyomatosis;  
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Abstract 
Introduction: MRI is a rapidly growing technique with more and more indi-
cations and requests in the Republic of Guinea. Its correct prescription is a 
guarantee for the satisfaction of the actors, both prescribers, radiologists and 
patients. The main objective of this study was to evaluate the compliance of 
MRI examination requests at the Diagnostic Center of the National Social Se-
curity Fund (CNSS) in Conakry. Material and Methods: This was a descrip-
tive cross-sectional study of MRI prescription forms sent to the MRI unit of 
the CNSS Diagnostic Center from February 1 to May 1, 2021. The 8 compliance 
criteria established by the French High Authority for Health were used to eva-
luate the compliance of the examination requests. Results: A total of 7003 ex-
amination forms were sent to the facility, including 7% (n = 468) of MRIs. 
56.2% of MRI requests were performed by specialists. We observed an overall 
compliance of 10%. Administrative and clinical compliance were missing in 
24% and 38%, respectively. More specifically, the purpose of the examination 
was not mentioned in 60%, followed by the requesting department in 48.1% 
and the patient’s age in 35.1%. Conclusion: This study allowed us to highlight 
the gaps in establishing MRI requests. It would be important to organize an 
awareness campaign for prescribers on the usefulness of correctly filling an MRI 
request and to design templates to be filled out by prescribers. 
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1. Introduction 

The request for a radiological examination is a prescription addressed to a radi-
ologist by a healthcare professional authorized by law [1]. It must enable the ra-
diologist to understand the problem posed by the patient and the circumstances 
for which the examination is requested. It constitutes the basis of the contract be-
tween the prescriber, the patient and the radiologist [1] [2]. 

The accuracy of information in prescriptions is of great interest in the care 
process and in imaging [3]. In this regard, several studies have assessed the qual-
ity of information on prescriptions for imaging examinations. In particular, the 
study conducted by Cohen et al. [4] on the evaluation of the quality of requests for 
radiology examinations for patients in the intensive care unit at the Riley paedia-
tric hospital of the Indianapolis University Hospital reported that the clinical 
information was incomplete or inadequate in 24% of cases.  

Incorrect prescribing has a significant impact on the radiological workup and 
can lead to technical protocol errors in the radiologist’s performance of the exami-
nations, wasting time and money for the patient and the hospital [5] [6].  

Medical imaging examinations require a good prescription to better orient the 
radiologist, especially for Magnetic Resonance Imaging (MRI). MRI is one of the 
medical imaging modalities based on the use of electromagnetic fields to obtain 
images of the human body [7]. It is a rapidly expanding technique, with an increas-
ing number of indications, requests and long waiting times [8].  

 In France, the Haute Autorité de Santé (HAS) has established a guide of good 
recommendations, recommending the use of eight compliance criteria for the re-
quest of imaging examinations in order to improve patient management: 

Administrative information, i.e. the date of the request, the requesting depart-
ment, the name of the requesting physician, the patient’s identity and the pa-
tient’s date of birth or age.  

Clinical information, i.e. the anatomical region, the reason for the examina-
tion (clinical history) and the purpose of the examination (question asked) [9] 
[10].  

In Cameroon, Moifo et al. [11] reported in 2014 in their study on the evalua-
tion of compliance of medical imaging examination requests that only 1.1% of re-
quests were compliant.  

Napon et al. [12] in Burkina Faso in 2020 collected 97/421 MRIs i.e. 24.25% 
overall compliance of MRI requests.  

Gbazi et al. [13] in Côte d’Ivoire in 2006 reported that 82% of requests for ra-
diology examinations at the CHU of Cocody did not comply with the criteria es-
tablished by the HAS in France. 

The aim of this study was to evaluate the conformity of requests for magnetic 
resonance imaging examinations at the Diagnostic Center of the National Social 
Security Fund (CNSS) in Conakry.  

2. Materials and Methods 

This was a cross-sectional study with a descriptive aim lasting three months from 
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February 1st to May 1st, 2021 at the CNSS diagnostic center in Conakry.  
We included in this study all the MRI examination request forms sent to and 

performed at the CNSS diagnostic center in Conakry, regardless of the site to be 
explored, the age, sex and origin of the patients. 

Our study variables were the frequency of MRI examinations at the CNSS di-
agnostic center and the 8 criteria established by the HAS in France. 

The compliance or non-compliance of the examination forms was based on the 
criteria established by the HAS of France. These criteria are eight, divided into 
two orders (5 administrative and 2 clinical).  

The administrative order, includes: date of the request, requesting department, 
patient’s identity, patient’s age, identification of the requestor  

The clinical order includes: the anatomical region, the reason for the exami-
nation and the purpose of the examination  

An examination report is considered compliant if the eight criteria established 
by the HAS of France are present on the report and it is considered non-compliant 
if one of the criteria is absent.  

Data were collected from an established survey form.  
SPSS version 21 software was used for data analysis.  

3. Results 
3.1. Overall Results 
3.1.1. Frequency of MRI Examinations 
During the study period, 7003 requests for medical imaging examinations (MRI, 
ultrasound, CT and X-ray) were sent to and performed at the CNSS diagnostic 
center in Conakry, including 468 (7%) requests for MRI examinations (Figure 
1). 

3.1.2. Overall Compliance  
In this study, we observed an overall compliance of 10% (n = 47) of MRI exami-
nation requests and a 90% (421) of non-compliance (Figure 2).  

3.1.3. Overall Administrative 
For overall administrative compliance, it was represented in our series in 24% (n 
= 112). Thus at least one administrative criterion was missing in 76% (n = 356) 
(Figure 3). 

3.1.4. Clinical Compliance  
Overall clinical compliance represented 38% (n = 178) of all MRI request. Thus 
at least one clinical criterion was missing in 62% (n = 290) (Figure 4). 

3.2. Specific Results 
3.2.1. Administrative Criteria (Table 1) 
Among the administrative criteria, the requesting service was the parameter with 
the least information in 48.1% (n = 225) followed by the patient’s age in 35.5% 
(n = 166).  
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Figure 1. Frequency of MRI examinations.  

 

 
Figure 2. Distribution of reports according to overall compliance of MRI exami-
nation requests.  

 

 
Figure 3. Distribution of reports according to overall administrative compliance 
of MRI examination requests.  
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Figure 4. Distribution of reports according to overall clinical compliance of MRI 
examination requests.  

 
Table 1. Distribution of MRI examination requests according to administrative criteria. 

Administrative Criteria Number (N = 468) Percentage (%) 

Request Date 
  

No 45 9.6 

Yes 423 90.4 

Requesting Department 
  

No 225 48.1 

Yes 243 51.9 

Patient’s Name and Surname 
  

No 7 1.5 

Yes 461 98.5 

Patient’s Age 
  

No 166 35.5 

Yes 302 64.5 

Identification of the Prescriber 
  

No 36 7.7 

Yes 432 92.3 

3.2.2. Clinical Criteria (Table 2)  
Among the clinical criteria, the purpose of the examination was not specified in 
60% (n = 281). 

3.2.3. Qualification of the Prescriber (Table 3) 
One hundred and forty-nine MRI forms, i.e. 31.8%, did not include the qualifi-
cation of the prescriber. In addition, the healthcare professionals who prescribed 
the most MRI were specialists in 56.2% (n = 263).  

n=178
(38%)

n=290
(62%)
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3.2.4. Requesting Department (Table 4) 
In our series, 48% of the MRI reports (n = 225) did not include the requesting 
department. Among these requesting departments, the Neurology department 
represented 32% (n = 150) of the requests followed by Neurosurgery in 7.26% (n 
= 34). 

 
Table 2. Distribution of MRI reports according to clinical criteria.  

Clinical Criteria Number (N = 468) Percentage (%) 

Anatomical Region 
  

No 26 5.6 

Yes 442 94.4 

Reason for Examination 
  

No 39 8.3 

Yes 429 91.7 

Purpose of the Examination 
 

No 281 60.0 

Yes 187 40.0 
 

Table 3. Distribution of MRI reports according to the applicant’s qualification.  

Qualification of the Prescriber Number Percentage (%) 

Doctor (Registrars) 34 7.3 

General Practitioner 22 4.7 

Specialist 263 56.2 

Not Know 149 31.8 

Total 468 100.0 
 

Table 4. Distribution of reports according to the requesting department. 

Requesting Department Numbers (N = 468) Percentage (%) 

Not Known 225 48.1 

Neurology 150 32.1 

Neurosurgery 34 7.3 

Orthopaedics and Traumatology 16 3.4 

Ophtalmology 12 2.6 

Surgical Oncology 8 1.7 

Gynaeco-obstetrics 7 1.5 

General Médicine 4 0.9 

General Surgery 3 0.6 

Cardiology 2 0.4 

ENT 2 0.4 

Paediatrics 2 0.4 

Gynaecological Surgery 1 0.2 

Endocrinology 1 0.2 

ICU 1 0.2 
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4. Discussion 

We carried out a cross-sectional study with a descriptive aim over a period of four 
months from 1st February to 1st May at the CNSS in Conakry.  

This study represents the first study carried out in our context to assess the com-
pliance of requests for MRI examinations.  

It allowed us to provide data on the quality of MRI prescriptions by the health-
care professionals. 

During our study, the number of MRI examination forms sent to the CNSS im-
aging department was very low compared to all other examination forms (ultra-
sound, CT scan and X-ray).  

This result shows that MRI remains a relatively inaccessible examination in Gui-
nea because of its cost, which is about seven times the minimum wage.  

On the other hand, the frequency of MRI examination requests in our study 
was higher than that reported by Napon et al. [12] in Burkina Faso in 2020, who 
in a study of 468 MRI prescriptions, reported an MRI examination frequency of 
3.97%. This difference can be explained by the size of our sample and the dura-
tion of our study.  

More than the majority of the MRI requests in our study did not comply with 
the French HAS recommendations on Indicators of conformity of requests for im-
aging examinations. 

Our result is lower than that of Napon et al. [12] in Burkina Faso in 2020 who 
reported an overall MRI compliance of 24.25%. This result could be explained by 
our prescribers’ lack of knowledge of the compliance criteria and their importance 
on one hand, and by the absence of a standardized form mentioning all these com-
pliance criteria on the other. 

While non-compliance of examination requests could have an impact on the 
quality of the examination, as mentioned by Alkasab et al. [5] and Smith et al. [6] 
“an incorrect prescription has a considerable impact on the radiological assess-
ment and can lead to technical protocol errors in the performance of examina-
tions by the radiologist, a loss of time and money for the patient and the hospital 
and overall the healthcare system”.  

During this study, administrative compliance (date of request, requesting de-
partment, patient identity, patient age, identification of the requestor) and clini-
cal compliance (anatomical region, reason for the examination and purpose of 
the examination) were inadequate in less than half of the cases.  

Our clinical compliance result is lower than that of the HAS in France in 2014, 
which found a clinical compliance rate of 69% for all requests for imaging exami-
nations [9]. 

Among the administrative criteria, the requesting department and the patient’s 
age were the least specified in almost half of the cases. This result is different from 
that of Togola in his 2014 Ph.D. thesis in Mali [14] who reported that the request-
ing department and age were missingin 3% and 75.05% respectively. The fact that 
their study included all radiological examinations could explain this difference. 
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However, the presence of the requesting service facilitates the identification of 
the patient and the orientation of the radiologist in his explorations. 

Regarding the clinical criteria, the purpose of the examination was the least fre-
quently mentioned in more than half of the examination requests. This reflects 
the low proportion of the diagnostic hypothesis mentioned in the examination 
requests. This result is similar to that found by Moifo et al. [11] in Cameroon where 
a high proportion of requests without any purpose in 76.3% of cases. 

The purpose of the examination is as important as the reason, as it allows the 
radiologist’s observation to be compared with that of the clinician.  

The majority of those requesting the examinations were specialists. This find-
ing is similar to that reported by Napon et al. [12] who found that specialists pre-
scribed in 71.25% of cases.  

This predominance of specialists could be explained by their higher level of edu-
cation, reflecting the objectivity of their diagnosis. 

5. Conclusions 

This study shows that the majority of requests for MRI examinations sent to the 
CNSS diagnostic centre in Conakry were not compliant.  

Half of the examination forms had poor administrative and clinical compliance. 
Among the administrative criteria, the requesting department and the patient’s 

age were the least specified while for the clinical criteria, the purpose of the examina-
tion was the least specified.  

Dissemination of the compliance elements and raising prescribers’ awareness 
of the usefulness of correctly filling an MRI examination request and the design 
and printed use of the form could improve the quality of these requests.  
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Abstract 
Background: Congenital anomalies are among the leading causes of fetal loss, 
despite it can be identified prior to birth through advanced technology in ex-
pert hands. Our research aimed at estimating the prevalence of congenital 
anomalies in Sudan. Methods: A facility-based retrospective cross-sectional 
study combined with a community-based survey through a telephone interview 
was implemented on a purposive convenient sample of 138 participants. The 
data were computerized in Epi Info 7. Google Earth Pro enabled to collect the 
geographical coordinates for the residence of the participants. Descriptive sta-
tistics were performed through SPSS 23 and ArcGIS 10.3 was used to generate 
the geographical distribution map of congenital defects to visualize the cat-
chment areas of Soba Ultrasonography Unit. Results: Of the 138 participants, 
the estimated prevalence of congenital defects was 2.2/10,000 live births. The 
ultrasonography screening revealed that neural tube defects were the most pre-
valent anomalies with 13.0% (18/138), which represented 47.4% (18/38) of all 
defects. Concerning children, a mortality rate of 23.2% (32/138) was reported. 
Conclusions: The child mortality rate post ultrasound screening of 23.2%, and 
the neural tube defects being the most common anomalies appealed to Su-
dan health authorities for focusing on more preventive antenatal practices to 
strengthen and promote maternal and child health. 
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1. Introduction 

Congenital anomalies are conditions of prenatal origin that can be identified pre-
natally, at birth, or may only be detected later in infancy. They include structural 
and functional abnormalities that impact fetal or infant health, development and/or 
survival. Congenital anomalies have a significant impact on individuals, families 
and healthcare systems as they contribute to perinatal mortality and morbidity. 
These anomalies can occur in isolation (single defect) or as a group of defects 
(multiple defects), and have different names such as congenital abnormalities, mal-
formations, disorders or defects. An estimated 240,000 newborns die worldwide 
within 28 days of birth every year due to birth defects. Birth defects cause a fur-
ther 170,000 deaths of children between the ages of 1 month and 5 years. More-
over, low- and middle-income nations are disproportionately impacted by con-
genital abnormalities, which are one of the primary causes of the global disease 
burden [1] [2]. 

Ultrasound Scanning (USS) is an ideal imaging procedure for a primary di-
agnostic and screening method during pregnancy. The detection of anomalies 
could be hampered by factors that intervene with visualization like maternal ob-
esity, oligo/anhydramnios, fetal position and reverberation caused by bone. This 
would indicate another screening modality like magnetic resonance imaging. The 
types of fetal anomalies, which can be detected by ultrasonic diagnosis in dif-
ferent gestational ages, include: central nervous system, genitourinary, car-
diovascular, respiratory, gastrointestinal, musculoskeletal, facial deformity, as-
cites and pleural effusion, cystic hygroma, teratoma and multiple malforma-
tions [1] [3].  

Second-trimester scan, between 18 and 22 weeks, remains the standard for 
fetal anatomical assessment worldwide. However, significant improvement in 
detecting fetal abnormalities in the first trimester of pregnancy is also recognized 
[4].  

The European Surveillance of Congenital Anomalies (EUROCAT) was set up 
for detecting any epidemic of congenital anomalies. The prevalence and trend of 
61 congenital anomaly subgroups (excluding chromosomal) in 25 population-based 
EUROCAT registries (1980-2012) indicated a significant increase in Congenital 
Heart Disease (CHD) which was attributed to the increase in the number of di-
abetics as well as overweight mothers; while the decrease of the prevalence of 
limb reduction could not be explained. The increase in renal anomalies was due 
to rigorous screening; the reported birth prevalence of congenital heart disease 
had reached an estimate of 9/1000 live births in the last 15 years; the birth pre-
valence of congenital heart disease varies according to the geographical location 
of the patient and the severity of the heart defect [5]. 

The Netherlands National Screening Program on prenatal detection of severe 
congenital heart anomalies was evaluated. It was found that the detection rate of 
all CHD increased significantly from 35.8% before to 59.7% after the introduc-
tion of the National Screening Program (p < 0.001). It was concluded that pre-
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natal detection of CHD remains challenging, especially for ultrasonographers 
who were minimally exposed to these anomalies [6]. It cannot be denied that 
computerized birth registries and new software applications play a signifi-
cant role in analyzing and identifying trends; consequently, the current study 
attempted to apply similar technologies in spatially distributing the types of de-
fects for visualization and easy capture of regions that require more attention in 
terms of antenatal health services. The identification of multiple congenital de-
fects was made more accurate by combining population-based birth defect data 
such as EUROCAT with epidemiological data in a computer-based algorithm 
[7]. 

A household survey was conducted in Nepal villages on a sample of 21,111 
women and 27,201 children with congenital defects. The prevalence of congenit-
al defects was 52.0/10,000 children (95% CI: 44.0 - 61.0), and the majority were 
born to mothers with poor health. One of the most severe forms of congenital 
defects was Neural Tube Defects (NTDs) which can be prevented through prop-
er nutrition and folic acid supplements [8]. The province of Shanxi in China had 
the highest reported worldwide incidence of congenital heart defects which was 
partially attributed to the presence of coal mines and many other minerals in the 
soil. Various strategies were applied in order to reduce the incidence. A spatial 
and temporal analysis of a live and stillbirths was conducted in two Chinese lo-
calities between the years 1998-2012. The findings indicated that the interven-
tions implemented by the government, such as food fortification by adding five 
micro-nutrients, might have a positive impact on reducing the overall incidence 
of NTDs. The results also revealed the existence of significant spatial heterogenei-
ty. NTD clusters were identified in areas close to coal sites and main roads even 
after intervention [9]. 

Food fortification with folic acid is a proven strategy to reduce neonatal and 
under-five mortality in general and those associated with spina bifida in particu-
lar, and it is recommended that countries implement mandatory folic acid forti-
fication of staple foods without further delay [10]. 

This study aimed to estimate the prevalence of congenital defects, their types 
and geographical distribution in pregnant women who had ultrasonography ex-
aminations at the Fetomaternal Unit of Soba University Hospital, Sudan.  

2. Methodology 

A facility-based retrospective record-based study combined with a communi-
ty-based survey was implemented. The research was conducted in the Fetoma-
ternal Unit of Soba University Hospital in Al Khartoum (Sudan), where a pur-
posive convenient sample of 138 ultrasonography records was extracted, in 
March-May 2018, from the electronic database of a total of 2500 patients ex-
amined during the period of January 2016 to December 2017. Hence, the sample 
examined represented 5.5% of the women who had ultrasonography screening 
during the period of January 2016 to December 2017. A standardized data tool 
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was used to extract the data needed to address the research objective. The re-
search tool had two parts; Part 1 for recording maternal characteristics and part 
2 for fetal characteristics. A community survey was conducted through a tele-
phone interview to collect the missing data on the residence of participants, mother 
and child’s current health status (at the time of interview) and the outcome of 
the pregnancy. 

The data collected were computerized using a template elaborated in Epi In-
foTM 7.1.5.2, free software developed by the Center for Disease Control, Atlanta, 
USA. The Statistical Package for Social Sciences (SPSS version 23) was used to 
summarize the data numerically (mean, standard deviation and median) and 
graphically (frequency tables for estimating prevalence and graphics). Google Earth 
Pro 7.1.8.3036 (32bit) was used to obtain the geographical coordinates (latitudes 
and longitudes) of the residence of the participants. The Geographical Informa-
tion System (ArcGIS 10.3 for Desktop version 10.3.043322) was used to elabo-
rate the spatial distribution map of congenital defects. 

Ethical Approval and Consent to Participate  
The research was reviewed by the Institutional Review Committee of the Uni-

versity of Medical Sciences and Technology (UMST) and was authorized by the 
General Director of Soba University Hospital. The community-survey obtained a 
verbal well informed consent from all the participants.  

3. Results 
3.1. Characteristics of Participants 

The age of the 138 females, who went through ultrasonography screening, ranged 
from 17 to 40 years with an average age (median) of 29 years. 40.6% (56/138) 
were highly educated whereas 5.8% (8/138) had never attended a formal school-
ing. Their gynecological and obstetrical backgrounds revealed that their gravidi-
ty ranged from 1 to 8 pregnancies with an average of 3 pregnancies; their average 
parity of 2 varied from 0 to 8. They had between 0 to 8 miscarriages as revealed 
in Table 1. Figure 1 displayed the geographical distribution of the participants 
according to their respective state of residence. 

3.2. Types and Prevalence of Congenital Defects  

Types of Congenital Defects 
Congenital defects were present in 38 of 138 pregnant women who went through 

ultrasonography screening. This represented a proportion of 27.5% (38/138) con-
genital defects of all types. Table 2 revealed the details of the ultrasonography 
screening results and Figure 2 displayed the distribution of congenital anomalies 
in the involved states. The ultrasonography screening revealed that neural tube 
defects were the most prevalent anomalies with 13.0% (18/138), which represented 
47.3% (18/38) of all defects. The ultrasonography examination also revealed car-
diac (10.5%, 4/38), renal (7.9%, 3/38), musculoskeletal (5.3%, 2/38) and abdo-
minal wall (2.6%, 1/38) anomalies. Multiple defects (more than one system  
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Figure 1. Geographical distribution of the study participants based on their state of origin (n = 138). 

 
Table 1. Characteristics of the study participants (n = 138). 

Variable Number % 

Study setting (n = 138)   

Soba University Hospital (SUH) 138 100 

Education levels (n = 138)   

University or higher 56 40.6 

Secondary 46 33.3 

Primary 28 20.3 

Never been to school 8 5.8 

Age in years (n = 138)   

Median 29  

Min-Max 17 - 40  

Gravidity (n = 138)   

Median 3  

Min-Max 1 - 11  

Parity (n = 138)   

Median 2  

Min-Max 0 - 8  

Miscarriage (n = 137)   

Median 0  

Min-Max 0 - 8  

https://doi.org/10.4236/ojrad.2023.131007


M. A. M. A. Osman et al. 
 

 

DOI: 10.4236/ojrad.2023.131007 72 Open Journal of Radiology 
 

 
Figure 2. Geographical distribution of the congenital defects (n = 38) diagnosed through ultrasono-
graphy in Soba Fetomaternal Unit. 

 
Table 2. Results of 138 women who went through ultrasonography screening in Soba Fe-
tomaternal Unit. 

Type of congenital defect Number % 

No structural abnormality 100 72.5 

Neural tube defect 18 13.0 

Multiple defects 5 3.6 

Others 5 3.6 

Cardiac defect 4 2.9 

Renal defect 3 2.2 

Musculoskeletal defect 2 1.4 

Abdominal wall defect 1 0.8 

 
affected) represented 13.2% (5/38) of the total anomalies detected (n = 38) whe-
reas hydrops, cystic hygroma and down syndrome categorized as “others” were 
13.2% (5/38). 

The neural tube defect was diagnosed in young adult women aged on the av-
erage (median) 29 years (range: 21 - 39 years). These women had a history of 4 
pregnancies (range: 1 - 11) which lasted on an average delivery of 2.5 ranging 
from 0 to 8. Unfortunately, they presented late for ultrasound screening with an 
average (median) gestational age of 31 weeks. 

The other types of congenital defects (n = 20), except neural tube anomaly, 
were diagnosed in women aged 28 years ranging from 17 to 40 years, they had 
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an average of 3 pregnancies (range: 1 - 6) and delivered between 0 and 5 new-
borns with an average of 2 newborns. They presented to ultrasound examination 
earlier than those with neural tube defects with an average of 29 weeks ranging 
from 14 to 36 weeks; 85.0% (17/20) who presented at a gestational age ≥ 25 
weeks, one participant (1/20) was examined at a gestational age of 14 weeks and 
10.0% (2/20) at the period between 18 and 24 weeks. 

Maternal and Child Health Status 
Telephone interviews enabled to collect the data which were missed from the 

ultrasound reports. These data were the pregnancy outcome, the mothers and 
children health status at the time of the interview. Except one participant whose 
husband verbally consented to provide the above information, all the partici-
pants freely provided the data related to their pregnancy outcome, their health 
status and the child condition. 

Regarding the outcome of the pregnancy, 79.7% (110/138) of the participants 
delivered live newborns without disability and 1.4% (2/138) of the newborns 
presented anomalies at the delivery. Stillbirth was recorded in 4.4% (6/138) of 
the participants. A perinatal mortality rate of 14.5% (20/138) was reported with 
respectively 6.5% fetal and 8.0% neonatal deaths (Table 3).  

 
Table 3. Pregnancy outcomes, mother and children health status at time of interview and 
ultrasound screening results (n = 138). 

 Ultrasonography results 

Variable 
Neural 

tube 
Other  

congenital 
No  

congenital 
Total 

defects 
Total % 

Pregnancy outcome       

Alive without apparent  
disability 

12 7 91 19 110 79.7 

Alive with a disability 0 0 2 0 2 1.4 

Fetal death 3 5 1 8 9 6.5 

Neonatal death 3 4 4 7 11 8.0 

Stillbirth 0 4 2 4 6 4.3 

Total 18 20 100 38 138  

Maternal health status       

Unwell 0 1 2 1 3 2.2 

Well 18 19 98 37 135 97.8 

Total 18 20 100 38 138  

Child health status       

Alive and well 5 5 86 10 96 69.6 

Alive with complication 4 2 4 6 10 7.2 

Deceased 9 13 10 22 32 23.2 

Total 18 20 100 38 138  
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At the time of the interview, 97.8% (135/138) of the participants were in 
good health; of the three participants who reported not being healthy, their ul-
trasonography screening had not detected any congenital defect in two and 
one was diagnosed with a congenital defect other than NTDs. Concerning the 
children, a mortality rate of 23.2% (32/138) was reported; the ultrasonography 
screening was normal for 31.3% (10/32) and congenital defects were diagnosed 
in 68.8% (22/32). 7.2% (10/138) of the children lived with complications. 
Overall, only 69.6% (96/138) of the children were living healthily at the time of 
interview. 

4. Discussion 

Of the 138 cases that underwent ultrasound examination in our study, the pre-
valence of congenital structural defects was estimated at 2.2/10,000 live births 
(range: 0.3 - 7.4/10,000). This prevalence was comparable with the 7.2% and 
2.5% reported in the literature [3] [11]. Neural tube defects were the most pre-
valent congenital defects (13.0%); this was in line with published data [10] and 
contradicted those publications [8] [9] where the most prevalent anomalies were 
congenital heart defects. As it is known that folic acid treatment in the first tri-
mester can prevent neural tube defects, our findings indicated that the antenatal 
care provided in primary health care settings should be enhanced by a health pro-
motion message emphasizing the importance of taking folic acid supplements. 

It has been suggested that congenital malformations may emerge in the first tri-
mester of pregnancy as a result of genetic aberrations or gene-environment in-
teraction. The etiology is predominantly multifactorial, arising from complex 
gene-environment interactions that impair normal embryo-fetal development. En-
vironmental factors (such as chemical toxins, infectious agents, maternal sickness, 
and exogenous factors) can have pre-conceptional mutagenic, post-conceptional 
teratogenic, peri-conceptional endocrine disruption and epigenetic effects [11]. 
Unfortunately, our research did not investigate the impact of environmental fac-
tors in our country where irrigated farming using pesticides is widely practiced. 
Another limitation of our research was the convenient sampling technique used 
due to the inaccessibility of the entire database of ultrasound records available. 
However, as an explorative study, the findings revealed that neural tube defects, 
preventable through supplementation, were the predominant anomaly. The use 
of spatial distribution software for mapping health conditions facilitated the vi-
sualization of locations with the highest concentration of affected population, 
hence enhancing relevant stake-holders ability to respond promptly. Healthcare 
providers are urged to promote maternal health, incorporate ultrasonography 
screening into routine antenatal care and support pregnant women with abnor-
mal fetal outcomes. 
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Abstract 
Objective: To determine the effectiveness of selective tubal catheterization in 
the management of female infertility due to proximal tubal obstruction. Me-
thod: This was a longitudinal descriptive study, conducted over a period of 24 
months, which included 73 patients presenting with objectified bilateral prox-
imal tubal obstruction after standard HSG. The intervention was performed 
on an outpatient basis, during the follicular phase with negative β-hCG assay 
the day before, in the interventional radiology room and under antibiotic cov-
erage. Confirmatory hysterosalpingography was performed as the first step 
followed by selective tubal catheterization after the failure of spontaneous 
tubal opacification. The parameters studied related to socio-epidemiological, 
clinical and radiological data. Results: The age of our patients was between 24 
and 42 years with an average of 33.97 years. The average duration of infertili-
ty was 3.95 years, with a predominance of primary infertility in 83.56% of cas-
es. Voluntary termination of pregnancy (38.89%) and fibromyomas (33.33%) 
were the most represented gynecological-obstetrical antecedents. Selective 
tubal catheterization was successful in 92.14% of cases (129/140 tubes). It was 
possible bilaterally in 93.02% of cases and unilaterally in 6.98% of cases. The 
confirmatory HSG allowed a spontaneous opacification of 4.10% of the fallo-
pian tubes. At the end of the procedure, all the recanalized tubes were opaci-
fied; 62.01% of them were normal, against 37.99% pathological with a pre-
ponderance of inflammatory tubes 26.61% followed by hydrosalpinx in 5.03% 
of cases. No major complications were encountered. The fertility rate was 
23.29%. Conclusion: Selective tubal catheterization is a simple technique, 
without major complications with an efficiency close to natural fertility. It 
should be proposed as the first intention before any other procedure in the 
treatment of infertility by proximal tubal obstruction. 
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1. Introduction 

Infertility is the inability to achieve pregnancy in a woman with normal sexual 
activity, without any notion of contraception, for a period of one year [1]. It 
represents a real public health problem and spares no country in the world. In 
Africa, although underestimated due to the refusal of consultation for many pa-
tients who suffer from it, its prevalence seems to be increasingly high. In Togo, 
female infertility represents 12% of consultations [2]. Its consequences on the 
viability of the couple are enormous and women are the most indexed in most 
African societies. The causes of female infertility are dominated by tubal pathol-
ogies [3]. In 10% to 25% of cases, it is a proximal tubal obstruction, the man-
agement of which depends on the etiology [4]. In Africa south of the Sahara, se-
lective salpingography has been proposed by some authors as the first-line the-
rapeutic method [5]. It may or may not be followed by tubal catheterization, 
which is a now well-codified interventional radiology technique, aimed at eva-
luating proximal tubal obstructions revealed by conventional hysterosalpingo-
graphy, and if necessary, attempting to repermeabilize the uninjected tubes. 
Tubal catheterization is therefore both a diagnostic and a therapeutic act, and is 
an effective part of the therapeutic regimen for tubal infertility [6] [7]. In the li-
terature, reversal rates between 40% and 87% have been reported [8]. In France, 
75% clearance was achieved in a study of 100 cases of proximal tubal obstruction 
A similar study in Mali recorded a 92.7% success rate for tubal reversal [9]. No 
publication has been found on selective tubal catheterization to date in Togo. 
However, since 2019 an interventional radiology table has been introduced there 
with the aim of contributing to the improvement of the management of this con-
dition. The need for the present study was therefore necessary in order to deter-
mine the effectiveness of selective tubal catheterization in the management of 
female infertility by proximal tubal obstruction. 

2. Methodology 

Our longitudinal descriptive study was conducted over a period of 24 months, 
from June 2019 to May 2021. The study included 73 patients aged 42 years or 
less, presenting bilateral proximal tubal obstruction with a uterine cavity of 
normal morphology or partially deformed by uterine lesions (partial synechia or 
fibroid) observed on a standard HSG previously performed and dating from less 
than 06 months. It took place at the interventional radiology center of the 
“AUTEL d’ELIE” clinic, the only structure for the whole country. This center 
began its activities in Lomé in the Togolese capital in June 2019. It has a 
SHIMADZU brand CATH LAB interventional radiology device (Figure 1(a)), a 
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remote-controlled interventional table (Figure 1(a)), a scope, a control room 
(Figure 1(b)), an interpretation station with aInternet connection and a printer. 
The examination was scheduled between day 6 and day 12 of the last menstrual 
period with a negative β-hCG assay the day before. Diagnostic HSG was required 
to study uterine position and anatomy. Broad-spectrum antibiotic prophylaxis, 
such as cyclins, was started 48 hours before the procedure and continued 72 
hours later. A vaginal toilet with Betadine was also prescribed 48 hours before 
the examination. The procedure, performed on an outpatient basis, did not require 
sedation. 

Taking an antispasmodic was proposed just before the procedure, for analges-
ic purposes. The intervention took place in two stages: the first consisted in the 
realization of a HSG of confirmation which made it possible to confirm the PTO 
(proximal tubal obstruction) and to avoid unnecessary gestures; the second con-
sisted of the actual catheterization. The specific equipment consisted of a 9F ca-
liber carrier catheter, a 5F caliber pre-curved probe, a 3F caliber flexible mini 
probe and a flexible, ultra-thin 0.03-inch caliber micro-guide. The data were 
collected after a minimum follow-up of 3 months from the interrogation of the 
patients, reports of HSG and tubal unblocking carried out remotely from the 
preliminary HSG. The parameters studied related to socio-epidemiological, clin-
ical and radiological data. 

3. Results 

The average age of our patients was 33.97% with extremes of 24 and 42 years. 
The age group of 26 to 30 years was the most represented (Table 1). The major-
ity of patients (86.30%) were married women, the rest of the sample (13.70%) 
being single people living together. The average duration of infertility was 3.95 
years, with a predominance of primary infertility in 83.56% of cases. Volun-
tary termination of pregnancy (38.89%) and myomas (33.33%) were the most 
represented gynecological-obstetrical antecedents (Table 2). 

Standard hysterosalpingography was indicated in 98.63% of cases (n = 72) as 
part of an infertility assessment. It had objectified a homogeneous uterine cavity 
in 84.93% of cases (n = 62), fibroids and partial synechiae respectively in 12.33% 
and 2.73% of cases. The uterine contours were regular in 95.89% of cases (n = 
70) and deformed in 4.11% of cases (n = 3). The tubal obstruction was bilateral 
in all cases. The HSG confirmation allowed a spontaneous opacification of 4.10% 
of the tubes. Selective tubal catheterization was successful in 92.14% of cases 
(129/140 tubes). It was possible bilaterally in 93.02% of cases and unilaterally in 
6.98% of cases (Table 3). At the end of the procedure, all recanalized tubes were 
opacified (Figure 2); 62.01% of them were normal, against 37.99% pathological 
with a preponderance of inflammatory tubes (26.61%) followed by hydrosalpinx 
in 5.03% of cases (Table 4). Overall the intervention lasted an average of 38.31 
min ± 6.06 min with extremes of 15 min and 56 min. The average radiation dose 
of the pelvis in our patients was estimated at 3.2 mGy.  

No major complications were encountered (Table 5). Pregnancies were ob-
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tained by 23.29% of our patients (n = 17). In 70.59% of them (n = 12), they oc-
curred between 6 and 10 months after the unblocking, against 29.41% of cases 
between 1 and 5 months. The mean time to onset of pregnancy was 6.64 months 
± 1.9 months with extremes of 3 and 10 months. 

 

 
(a)                             (b) 

Figure 1. (a) & (b) CATH LAB 2 interventional radiology device, control 
room. 

 

 
Figure 2. Right proximal tubal obstacle recanalized by tubal ca-
theterization. (a) Bilateral PTO with confirmatory HSG; (b) Right 
tubal catheterization; (c) Right effective tubal opacification. 

 
Table 1. Distribution of patients according to age groups. 

 Effective % 

21 - 25 3 4.11 

26 - 30 24 32.88 

31 - 35 20 27.40 

36 - 40 15 20.55 

41 - 45 11 15.07 

Total 73 100 

Mean age = 33.97 years ± 5.23 years; Extremes: 24 and 42. 
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Table 2. Distribution of patients according to gyneco-obstetrical and surgical history. 

 Effective % 

Gyneco-obstetric history 18 100 

Abortion 7 38.89 

Fibroids 6 33.33 

Spontaneous abortion 4 22.22 

Salpingitis 1 5.56 

Surgical history 7 100 

Myomectomy 6 85.71 

C-sections 1 14.29 

 
Table 3. Distribution of tubes according to results of tubal catheterization (n = 140 
tubes). 

 
Pass Fail 

Effective % Effective % 

Bilateral 120 93.02 2 18.18 

Right 6 4.66 3 27.27 

Left 3 2.32 6 54.55 

Total 129 100 11 100 

 
Table 4. Distribution of the tubes according to their appearance after tubal catheteriza-
tion. 

 Effective % 

Normal tubes 80 62.01 

Inflammatory tubes 37 28.70 

Hydrosalpinx 7 5.42 

Phimosis 5 3.87 

Total 129 100 

 
Table 5. Distribution of patients according to complications after catheterization. 

 Effective % 

Complications (N = 69)   

Abdomino-pelvic pain 55 75.34 

Vascular invasion 13 17.81 

Post procedure bleeding 1 1.73 

4. Discussion 

Our study took place in a context marked by the recent start (less than 3 years) 
of the activities of the interventional radiology center of the “Autel d’Elie” clinic 
equipped with an adapted interventional table, the skills and the equipment ne-
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cessary to the realization of a tubal unblocking. This justifies the choice of the 
study framework and allows our results to be representative of data from the 
general population. She was interested in tubal infertility, which is the main 
cause of sterility in Africa south of the Sahara [10] with all its known repercus-
sions on marital stability. Given the small size of our sample, linked to the rela-
tively short duration of recruitment in a practically nascent center, this study, 
which aims to be a pioneer in the field, has the merit of bringing new results to 
the scientific community on a practice less common in our black African con-
text. 

The patients concerned by our study were mostly married and on average in 
the third decade of life, as in most African series dealing with female infertility 
[11] [12]. The duration of infertility was long and approached 10 years in some 
patients. The primary type of infertility found in a dominant way seems to 
present a contrast with this previous result, insofar as the conception of a child-
less marriage remains unclear in African societies. At the same time, these data 
highlight, on the one hand, the endogenous beliefs that tend to victimize women 
in the absence of conception in our societies [13] and on the other hand, the use 
of traditional therapists due to the low purchasing power of patients faced with 
the high cost of laboratory tests and drugs in pharmacies, which lead to late 
consultations. 

The antecedents of our patients were dominated by abortions, salpingitis and 
a notion of pelvic surgery. A set of phenomena could have been responsible for 
the obstruction of the tubes in some of them. Indeed, these past health condi-
tions are identified as contributing to the installation of inflammatory processes 
in the pelvis, which have been reported as risk factors for infertility by tubal ob-
struction [14]. Gandji et al. reported that 46.4% of patients with secondary 
couple infertility had declared having voluntarily terminated their pregnancy at 
least once [12]. 

Our patients had in all cases, a hysterosalpingography performed mainly in 
the context of an initial consultation for the desire to conceive. In only one, hys-
terosalpingography had been performed for post-surgical control of hydrosal-
pinx previously diagnosed as well, in a follow-up process for the desire to con-
ceive. This brings all of the indications for this examination in our study to fe-
male infertility as mentioned in the literature. Indeed, hysterosalpingography 
remains the main indication for exploring tubal pathology and permeability as 
part of the assessment of primary or secondary infertility [15]. However, it re-
mains of interest during the exploration of certain uterine pathologies and also 
plays a role in the event of repeated miscarriages (isthmic open bite, malforma-
tion). Its formal contraindications in the face of the notion of genital infection 
and the possibility of early pregnancy, justifies the specific measures for the 
preparation of patients and the systematization of the dosage of b-HCG before 
tubal catheterization. 

Confirmatory hysterosalpingography was the first step in tubal catheterization 
as conventionally reported in the technique. It revealed bilateral tubal obstruc-
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tion in all our patients, irregular uterine contours with lesions dominated by 
synechiae and fibroids. The pressure of the contrast product allowed a sponta-
neous unblocking of 6 tubes, which revives the debate on the limits of hystero-
salpingography in terms of detection of proximal tubal obstructions. False posi-
tives are attributed to it in proportions ranging from 15% to 32% in relation to 
the existence of mucous plugs but also cornual spasms caused by pain on injec-
tion of the contrast product [16] [17] [18]. 

The selective tubal catheterization itself constituted the second stage of the 
unblocking in our patients. It focused on the tubes not cleared spontaneously 
during the previous step and allowed a successful recanalization of 94.17% of the 
tubes. All the unobstructed tubes were opacified, thus making it possible to attest 
to the effective proximal unobstructing, to study the ampulla and to assess the 
quality of the peritoneal circulation. The entire procedure took an average of less 
than 39 minutes with an average radiation dose of 3.1 mGy. 

The post-catheterization follow-up made it possible to record an occurrence 
of pregnancy in 23.29% of our patients within an average period of 6.64 months 
after the intervention. 70.59% of them became pregnant within a period of be-
tween 6 and 10 months after the unblocking against 29.41% of cases in which the 
pregnancy occurred between the first and the 5th month. In the literature, the 
pregnancy rate varies between 6% and 55% depending on the series with an av-
erage of 25%. This rate is close to that of natural fertility for a normal couple and 
also close to that obtained by medically assisted procreation (25%). It varies ac-
cording to the patient selection criteria, the salpingographic aspects (pathologi-
cal tubes or not), and the duration of patient follow-up after tubal recanalization. 

Our data allow us to conclude that selective tubal catheterization has an objec-
tive and satisfactory therapeutic value. In a context where its indications are only 
shared with other techniques with subjective results such as hydrotubation, it 
remains the first-line treatment of infertility by proximal tubal obstruction. Ad-
mittedly, laparoscopy remains the “gold standard” in this area because of its 
therapeutic interest and the advantage it has of directly visualizing the tubes and 
adhesions [19] [20]. Although minimally invasive, the complications described 
to him [21] have led some authors to believe that selective tubal catheterization 
can be offered as first-line therapy after hysterosalpingography [22]. 

5. Conclusion 

Selective tubal catheterization has improved fertility in patients with the onset of 
pregnancy in proportions close to natural fertility for a normal couple. This 
technique could therefore be popularized in Togo in order to improve female 
fertility. 
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