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Case Report

An 80-year-old man was transferred to our hospital (day 1) from a local hospital because of
persistent dyspnea on exertion for two weeks. He had aortic valve replacement with a mechanical valve for aortic valve stenosis 8 years prior to this admission and 40 pack-years of smoking,
though he had stopped smoking 8 years prior to this admission. He had been taking warfarin (3
mg per day), and denied a history of hemoptysis. On examination, he was in mild respiratory
distress. The blood pressure was 112/78 mm Hg, the pulse 98 beats per minute, the temperature
37.3 ºC, respiratory rate 24 breaths per minute, and mild hypoxemia with oxygen saturation of
90% while he was breathing ambient air. Auscultation of the chest revealed coarse crackles at
bilateral lower lung fields, predominantly heard on right side. Neither accentuated S2 sounds
of pulmonary component nor adventitious cardiac sounds were recognized. Examination of
the neck did not reveal the elevation of jugular venous pressure (JVP) since jugular venous
waveform was not clearly visualized. Lower extremity edema was noted. An electrocardiogram (ECG) revealed complete right-bundle branch block. Chest radiograph revealed bilateral
opacities, which was further confirmed by computed tomography of the chest, as it revealed
diffuse bilateral consolidation and ground glass opacities (Figure 1). On further inquiry, he had
disclosed of drinking herb tea for two months prior to this admission. He was thus suspected
for herb tea induced pneumonia and the treatment with oral corticosteroid was initiated. His
respiratory status improved quickly after the initiation of the therapy.

Copyright
©2016 Saraya T and Minami T.
This is an open access article distributed under the Creative Commons Attribution 4.0 International
License (CC BY 4.0), which permits unrestricted use, distribution,
and reproduction in any medium,
provided the original work is properly cited.
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Figure 1: Chest X-ray and thoracic CT on admission.

However, on day 30, careful inspection of jugular vein revealed the elevation of JVP
with 25 cm water with a deep y descent rather than x descent (Video 1), which was confirmed
by electrocardiophonogram analysis presented as mild “y dip” (Figure 2). Echocardiography
later revealed elevated right ventricular systolic pressure (38 mm Hg) along with right diastolic
dysfunction.
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Note: To best view
1. Kindly open the pdf file in Adobe Reader XI version.
2. Please save the pdf file on your local computer.
3. To watch the video kindly install the latest adobe flash player. Click here to download: http://get.adobe.com/flashplayer/otherversions/

Video 1: Jugular venous waveform at day 30.

Figure 2: Electrocardiophonogram with mild y-dip pattern on jugular venous waveform

In general, the “y” descent or diastolic collapse is produced mainly by the tricuspid valve opening and the rapid inflow
of blood into the right ventricle.1 A sharp y dip and rapid ascent
to the baseline suggests the presence of the constrictive pericarditis or severe right sided heart failure. In this regards, this
case might implicate that mild y dip without rapid ascent to the
baseline (Figure 2) together with elevated JVP can be seen in patients with moderate right ventricular diastolic dysfunction due
to underlying lung diseases and/or post-cardiac surgery status.
Careful examination of jugular vein and the assessment of jugular venous wave form have become the “lost art of medicine”,
however, as seen in our case, it unmasked the presence of right
ventricular dysfunction at the bedside, and facilitated further diagnostic and therapeutic interventions.

submission of this manuscript for publication.
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ABSTRACT
Background: Cardiac tamponade is a potentially life-threatening complication in patients with
advanced lung cancer or other metastatic malignant diseases. However, few reports described
how to assess the risk for developing cardiac tamponade in asymptomatic patients with
pericardial effusion.
Methods: The medical records of all patients with malignancy-associated cardiac tamponade
diagnosed between April 2006 and June 2012 at Kyorin Hospital were retrospectively reviewed.
This study mainly focused on the correlation between the duration between the first recognition
of pericardial effusion on computed tomography and cardiac tamponade diagnosis and the vital
signs at each point.
Results: We identified 17 patients with malignancy-associated cardiac tamponade, mainly
due to lung cancer (n=11, adenocarcinoma; n=1, non-small cell carcinoma; n=1, large cell
neuroendocrine carcinoma; n=1, small cell carcinoma; and n=1, squamous cell carcinoma)
followed by malignant mesothelioma (n=1), and an unknown cause (n=1). Among 17 patients
with cardiac tamponade, the systolic blood pressure at the time of malignancy diagnosis was
significantly higher than that at the onset of cardiac tamponade (average±SD, 115±13 vs 95±25
mm Hg; p=0.014), whereas heart rate (HR) and cardiothoracic ratio (CTR) determined on
chest radiography were significantly higher at the onset of cardiac tamponade (HR, 84±15 bpm
vs 111±30; p<0.001) (CTR, 49±7% vs 71±4.9; p=0.001). The correlation coefficient between
the days from the first recognition of pericardial effusion on thoracic computed tomography to
cardiac tamponade diagnosis and the gap of vital signs at each point such as ΔHR (r=−0.422,
p=0.345) and ΔCTR (r=−0.212, p=0.647) was not statistically significant.
Conclusion: This preliminary study demonstrated that increased HR and CTR are essential
signs for predicting malignancy-associated cardiac tamponade.
KEYWORDS: Vital signs; Cardiac tamponade; Malignancy; Lung cancer; Malignancyassociated pericardial effusion.
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INTRODUCTION

Malignancy-associated pericardial effusion (MPCE) is generally caused by lung cancer,
breast cancer, leukemia, and lymphomas.1,2 MPCE most often provokes cardiac tamponade
in the terminal stage, and early recognition and successful intervention could prolong life
in a significant number of patients. However, no studies have been reported regarding the
consideration of these markers, particularly focusing on the vital signs of asymptomatic patients
with MPCE, to prevent delay in diagnosis of cardiac tamponade. We retrospectively reviewed
the medical records of 17 patients with cardiac tamponade, focusing on the patient’s vital signs.
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MATERIALS AND METHODS

This retrospective study assessed 17 consecutive patients who
were diagnosed with malignancy-associated cardiac tamponade.
All patients were referred to the Pulmonary Disease Center in
our hospital in Mitaka City, Tokyo, Japan, between April 2006
and June 2012. To be enrolled in the study, patients should have
undergone surgical procedures such as pericardial drainage or
fenestration, and/or pulsus paradoxus, as well as autopsy cases.
Pulsus paradoxus is defined as a decrease in systolic blood
pressure (SBP) greater than 10 mm Hg with inspiration. Vital
signs such as heart rate (HR), SBP, diastolic blood pressure,
pulse pressure, and cardiothoracic ratio (CTR) determined on
chest radiography were assessed at the time of the diagnosis
of malignancy or cardiac tamponade and the time of the first
recognition of pericardial effusion on computed tomography
(CT), if the data are available. ΔHR and ΔCTR were defined as
absolute value for each timing between the first recognition of
pericardial effusion on CT and cardiac tamponade diagnosis.
This study additionally focused on seven patients with MPCE
who successfully observed the process of cardiac tamponade
from the phase of first recognition of pericardial effusion. In
the seven patients, we evaluated the relevance between the
vital signs such as ΔHR and ΔCTR. The Kaplan–Meier overall
survival curve was also evaluated in 17 cases after diagnosis
with cardiac tamponade.
STATISTICAL ANALYSIS

Data were statistically analyzed using the Pearson chi-square or
Mann–Whitney test and SPSS version 19. Statistical significance
was defined as a p<0.05 on paired two-sided tests.
RESULTS
Baseline Patient and Disease Characteristics

We enrolled 17 patients with cardiac tamponade, and their
baseline characteristics are shown in Table 1. Age ranged from
33 to 75 years (mean±SD, 63±11 years), and female to male
ratio was 14:3. The underlying diseases consisted of lung cancer
(n=11, adenocarcinoma; n=1, non-small cell carcinoma; n=1,
large cell neuroendocrine carcinoma; n=1, small cell carcinoma;

and n=1, squamous cell carcinoma) followed by malignant
mesothelioma (n=1), and unknown cause (n=1) (Tables 1 and
2). In the present study, the number of patients in each diagnostic
method was 9,4,1,1,1, and 1 for pericardial drainage, pericardial
fenestration, pericardial drainage plus pulsus paradoxus,
pericardial fenestration plus pulsus paradoxus, pulsus paradoxus,
and autopsy, respectively. In the 17 patients, the length of time
from the diagnosis of malignancy to cardiac tamponade ranged
from 1 to 1970 days (median, 22 days). Among them, the length
of time between the recognition of pericardial effusion on
thoracic CT and cardiac tamponade was successfully assessed in
7 patients, ranging from 4 to 150 days with a median of 44 days.
Comparison of Vital Signs at the Time of Malignancy Diagnosis
and at the Onset of Cardiac Tamponade

As shown in Table 3, the vital signs at the time of malignancy
diagnosis and at the onset of cardiac tamponade in the 17 patients
were compared. The SBP at the time of malignancy diagnosis was
significantly higher than that at the onset of cardiac tamponade
(average±SD, 115±13 vs 95±25 mm Hg; p=0.014),, whereas HR
and CTR determined on chest radiography were significantly
higher at the onset of cardiac tamponade (HR, 84±15 bpm vs
111±30, p<0.001) (CTR, 49±7 % vs 71±4.9 %; p=0.001).
Kaplan–Meier Overall Survival Curve for All 17 Patients After
Cardiac Tamponade Diagnosis

In this study, one patient was lost to follow up, three patients
survived, and the remaining patients died as shown in the
Kaplan-Meier overall survival curve for all 17 patients after
cardiac tamponade diagnosis (Figure 1). The median overall
survival time was 51 days.
Relevance Between the Vital Signs of the 7 Patients and
the Length of Time from the First Recognition of Pericardial
Effusion on Thoracic Ct to Cardiac Tamponade Diagnosis

Among 17 patients with cardiac tamponade, only 7 patients
were successfully observed the generating process of cardiac
tamponade from the phase at first recognition of pericardial
effusion on thoracic CT. The correlation coefficient between the

Age (mean±SD)

63±11

Sex

Histology

http://dx.doi.org/10.17140/PRRMOJ-SE-1-102

M/F

14/3

Adenocarcinoma

11

Squamous cell carcinoma

1

LCNEC

1

NSCLC

1

SCLC

1

Malignant mesothelioma

1

Unknown

1

LCNEC: Large-cell neuroendocrine carcinoma; NSCLC: Non-small cell lung cancer; SCLC:
S mall Cell Lung Cancer
Table 1: Baseline patient and disease characteristics.
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M
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EGFR

Diagnostic methods

DOT from the diagnosis

mutation

(ope/autopsy/pulsus paradoxus)

of malignancy to CT

NE

Pericardialdrainage

1

DOT from the
recognition of
PE to CT
NA

Additional
therapy
Chemo

2

69

M

NSCLC(adeno)

–

Pericardialdrainage

1970

73

None

3

44

F

NSCLC(adeno)

–

–/–/pulsusparadoxus(10mmHg)

1

NA

Chemo

4

66

M

NSCLC(adeno)

NE

–/autopsy/N.E

298

4

None

5

60

F

NSCLC(adeno)

L858R

Pericardialfenestration/–/pulsusparadoxus(18mmHg)

2

NA

Chemo

6

68

M

Mesothelioma

NE

Pericardialdrainage/–/NE

467

NA

Chemo

7

67

F

NSCLC(adeno)

NE

Pericardialdrainage/–/NE

40

NA

Chemo

8

75

M

NSCLC(adeno)

NE

Pericardialfenestration/–/NE

20

18

Chemo

9

57

M

NSCLC(adeno)

NE

Pericardialdrainage

130

17

None

10

33

M

NSCLC(adeno)

NE

Pericardialfenestration/–/NE

164

150

None

11

72

M

NSCLC(adeno)

NE

Pericardialdrainage

294

91

None

12

56

M

NSCLC(adeno)

NE

Pericardialdrainage

2

NA

None

13

74

M

NSCLC(Sq)

NE

Pericardialfenestration/–/NE

108

44

Chemo

14

63

M

NSCLC(adeno)

-

Pericardialdrainage

1

NA

Chemo

15

61

M

SCLC

NE

Pericardialfenestration/–/NE

22

NA

Radiation

16

72

M

Unknown

NE

Pericardialdrainage/–/pulsusparadoxus(10mmHg)

1

NA

None

17

74

M

LCNEC

NE

Pericardialdrainage

18

NA

None

adeno: adenocarcinoma; CT: Cardiac Tamponade; Chemo: Chemotherapy; EGFR: Epidermal Growth Factor Receptor; DOT: Duration of Time; LCNEC: large-cell neuro endocrine carcinoma; NE:
Not Examined; NA: Not Available; NSCLC: Non-small cell lung cancer; ope: operation; PE: Pericardial Effusion; SCLC: Small Cell Lung Cancer; Sq: Squamous carcinoma.
Table 2: Characteristics of patients with cardiac tamponade.

At malignancy
diagnosis

At the onset of
cardiac tamponade

p value
p=0.014*

SBP

115±13

95±25

DBP

69±9

64±21

p=0.12

HR

84±15

111±30

p<0.001***

Pulse pressure

44±13

35±13

p=0.08

CTR

49±7

71±4.9

p=0.001***

CTR: Cardiothoracic ratio; DBP: Diastolic Blood Pressure; HR: Heart Rate; SBP: Systolic
Blood Pressure
Table 3: Comparison of vital signs at the time of malignancy diagnosis and at the onset of
cardiac tamponade in 17 patients.

Figure 1: Kaplan–Meier overall survival curve for 17 patients after cardiac tamponade diagnosis.
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Figure 2: Relevance between the ΔHR or ΔCTR and the length of time from the first recognition of pericardial effusion to cardiac tamponade diagnosis in seven patients with cardiac tamponade

days from the first recognition of pericardial effusion to cardiac
tamponade diagnosis and the gap of vital signs such as ΔHR
(r=−0.422, p=0.345) and ΔCTR (r=−0.212, p=0.647) was not
significant (Figure 2).
DISCUSSION

Lung cancer is one of the most common causes of MPCE, with
effusion volume as less as 50 mL often detected incidentally on
CT.3 However, few reports described how to assess the risk for
developing cardiac tamponade or to evaluate the vital signs in
their management, particularly in patients with asymptomatic
MPCE.4 The present study would be the first to investigate the
correlation between the vital signs and the duration between
recognition of pericardial effusion to cardiac tamponade (Figure
2). Roy et al4 described that pulsus paradoxus and tachycardia
showed high sensitivity for cardiac tamponade at 82% and
77%, respectively. Similarly, our study showed that HR at the
onset of cardiac tamponade was significantly higher than that
at the diagnosis of malignancy (Table 3), similar to the trend
observed for CTR on chest radiography and SBP. We clinically
judged and included one patient (case 4) as cardiac tamponade
who had only pulsus paradoxus, and two of three patients with
pulsus paradoxus (cases 5 and 16) required pericardial drainage
or fenestration, suggesting that this sign still appears to be one of
the most reliable markers for surgical treatment.
We also found that ΔHR might be a sensitive marker for
detecting cardiac tamponade after recognition of asymptomatic
MPCE, but this was not statistically significant, which was
probably because of the following limitations: 1) this study is
a retrospective study, 2) sample size of patients with cardiac
tamponade was small, 3) there was no clear consensus among
cardiovascular surgeons on performing surgical intervention,
and 4) cardiac tamponade is a first manifestation of the malignant
disease (case 1,3,5,12, 14, and 16).
This study re-confirmed the fact that lung adenocarcinoma is the most common cause of cardiac tamponade as described in previous reports,2,5 and the median survival rate in patients with cardiac tamponade was significantly lower (51 days)
than that in patients with stage IV non-small cell lung cancer (4
Pulm Res Respir Med Open J

to 6 months).6 In this regard, early recognition and successful intervention could prolong life for a significant number of patients.
In conclusion, our study showed the importance of
assessing vital signs such as SBP or HR even in patients with
asymptomatic MPCE in their management, which will ensure
intervention within time.
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ABSTRACT
Background: Listening and interpreting lung sounds by a stethoscope has been an important
component of screening and diagnosing lung diseases. However, this practice is vulnerable
to inter-observer variations and difficulty in comparison with previous findings. In this study,
we aimed to examine the consistency of interpretation of lung sounds between experienced
physicians and automatic analysis using a newly developed algorithm based on the acoustic
characteristics.
Methods: In 39 patients with various respiratory diseases, lung sounds were recorded with a
stethoscope microphone on the chest. We compared 1) evaluation of live lung sounds by the
attending physician, 2) evaluation of recorded lung sounds by the attending physician, 3) evaluation of recorded lung sounds by other physicians who were blinded to the underlying diseases,
and 4) results of automatic analysis using a newly developed algorithm based on the acoustic
characteristics.
Results: Among the lung sounds recorded, fine crackles were identified in 18 patients, coarse
crackles in 5, and wheezes in 4. In 36(92%) patients, the interpretation of live lung sounds by
the attending physician was consistent with that of recorded lung sounds by the same physician. In 23(59%) patients, the interpretation of recorded lung sounds by the attending physician
agreed with that by other physicians. In 63% of the lung sounds with any inconsistency of interpretation, the consensus interpretation was same as the original interpretation by the attending
physician. Automatic analysis and physicians’ diagnosis agreed in 62% of the study subjects.
Conclusions: Repeated hearing of recorded lung sounds may exceed live auscultation in a
clinic. Recording and analyzing lung sounds may contribute to further improvement of auscultation.ABBREVIATIONS: COPD: Chronic Obstructive Pulmonary Disease; UIP: Usual
Interstitial Pneumonia.
KEYWORDS: Lung sounds; Auscultation; Recording; iPod touch; Automatic analysis.
ABBREVIATIONS: COPD: Chronic Obstructive Pulmonary Disease; UIP: Usual Interstitial

Pneumonia.
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INTRODUCTION

The auscultation of the respiratory system has been an important
component of screening and diagnosing various lung diseases.1,2
Although it is inexpensive and non-invasive, the practice is vulnerable to poor quantitatively and reproducibility and inter-observer variations in interpretation. Also, it is sometimes difficult
for physicians to evaluate temporal changes in lung sounds, such
as before and after treatment. However, it remains unclear how
consistent the interpretation is when lung sounds are repeatedly
heard by a physician or when evaluated by multiple physicians.
In addition, since interpretation of lung sounds can be different
between observers, a tool for sharing lung sounds among healthcare workers would be helpful.
In this study, we aimed to examine the consistency of
interpretation of lung sounds between live and recorded auscultation and between experienced pulmonologists. We also compared physicians’ evaluation of lung sounds and automatic analysis using a newly developed algorithm based on the acoustic
characteristics.

classified the input audio signal into 2 groups, intervals with
peaks and those without peaks, calculating the signal power limited by band-pass filter (100 Hz-1 kHz). The intervals with peaks
might contain continuous or discontinuous sounds. Then, feature
vectors of each intervals were calculated and compared, using
the width of frequency distribution range. The ratios of feature
vectors and the similarity from the average of the ratios were
calculated. If the similarity was below the threshold, the sound
was classified as abnormal. To detect continuous sound, the frequency components of continuous sounds were filtered, and the
ratio between the frequency value and the value by moving average filtering was calculated. If the duration time of the peak is
short, the peak is separated from the candidates. To detect discontinuous sounds, the frequency components of discontinuous
sounds were filtered with band-pass filter (500 Hz-4 kHz). Then,
the envelope was calculated with Hilbert transform. The peaks
of the envelope were detect as local maximums and corrected
on the basis of power, duration time, distance and density. The
results of the automatic analysis, such as frequency, incidence
density, and amplitude of lung sounds, was graphically shown
on the screen of iPod touch (Figure 2).

METHODS

We enrolled 39 patients with respiratory diseases who were
treated at the out-patient clinic of Keio University Hospital and
Kyorin University Hospital. The underlying diseases included
usual interstitial pneumonia (UIP), chronic obstructive pulmonary disease (COPD), bronchiectasis, and asthma. Lung sounds
were recorded during quiet breathing using a teaching stethoscope (Littmann® Classic II S.E. 2138; 3M, Maplewood, MN,
USA) with a microphone placed inside one of the hollow tubes
(Figure 1). The microphone was connected to an iPod touch
(Apple Inc., CA, USA) that has a newly developed application
for automatic detection and analysis of abnormal lung sounds.
The recorded sounds were evaluated by the attending physician
at a later time and also by two other physicians who were blinded to the underlying diseases. All of the three physicians (ST,
TS, and HK) have more than 15 years of clinical experience. In
case of any inconsistency, the three physicians re-evaluated the
recorded lung sounds together and made a consensus after being
aware of the underlying diseases.

Figure 2: An example of the results of automatic analysis displayed on iPod
touch screen
The result of the automatic analysis, such as frequency, incidence density,
and amplitude of lung sounds, is graphically shown on the screen of iPod
touch. Vertical lines and dots represent crackles and continuous sounds, respectively. Time in seconds on X-axis. Frequency (Hz) of continuous sounds
on Y-axis.

We compared 1) evaluation of live lung sounds by the
attending physician, 2) evaluation of recorded lung sounds by
the attending physician, 3) evaluation of recorded lung sounds
by other physicians who were blinded to the underlying diseases, and 4) results of automatic analysis. The evaluation items by
physicians included type of abnormal sound, such as wheezes,
rhonchi, coarse crackles and fine crackles and estimated diagnosis.
The study protocol was approved by the Ethical Committee of Keio University School of Medicine (approval number: 2011-327). A written informed consent was obtained before
recording the lung sounds.
RESULTS

Figure 1: A device for lung sound recording and analysis.
A microphone is placed inside one of the hollow tubes of
a teaching stethoscope.

To analyze the recorded lung sounds, the algorithm
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Types of Lung Sounds Identified

We evaluated the recorded lung sounds and reached a consensus after discussion. Among 39 patients evaluated, fine crackles
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were identified in 18 patients, coarse crackles in 5, and wheezes
in 4. Seven patients had normal lung sounds. Both wheezes and
coarse crackles were heard in a patient. Another patient had both
rhonchi and coarse crackles. In a patient, both rhonchi and fine
crackles were identified. Both rhonchi and squawk were heard in
a patient and coarse crackles plus squawk in another.
Consistency of Interpretation Between Live and Recorded Lung
Sounds

We examined whether the evaluation of live lung sounds by
the attending physician was consistent with that of recorded
lung sounds by the same physician. Both evaluation agreed in
36(92%) patients but did not in 3. In a patient, the recorded lung
sounds showed wheezes, which had not been realized at the examination, in addition to coarse crackles. In another patient, the
physician interpreted the recorded sounds as wheezes, although
he had described it as rhonchi at the examination. In a patient,
the live lung sounds were described as wheezes plus coarse
crackles, whereas the recorded lung sounds were interpreted
as wheezes. Although interpretation of live and recorded lung
sounds agreed in most cases, repeated hearing of recorded lung
sounds may contribute to further improvement of auscultation.
Consistency of Interpretation of Lung Sounds Between Physicians

We examined whether the interpretation of recorded lung sounds
by the attending physician is consistent with that by other physicians. In 23(59%) patients, both interpretation agreed. The most
common disagreement is about classification of crackles, fine or
coarse, in 5 patients. In 4 patients, classification of continuous
sounds, wheezes or rhonchi, disagreed between physicians.
In 16 patients with any inconsistency of lung sound interpretation, 3 physicians re-evaluated the recorded lung sound
after being aware of the underlying diseases and made a consensus. In 10(63%) of them, the consensus interpretation was
same as the original interpretation by the attending physician. It
was suggested that awareness of the underlying diseases might
influenced the classification of crackles and continuous sounds.
After the consensus was made, the threshold of frequency between wheezes and rhonchi was estimated by automatic analysis, which showed that the border was about 200 Hz.
Consistency of Interpretation of Lung Sounds Between Physicians and Automatic Analysis

We examined whether the consensus interpretation by physicians is consistent with the results of the automatic analysis. In
24(62%) patients, both evaluation agreed. The most common
disagreement is about background noises that were judged as
crackles by automatic analysis in 6(40%) of 16 patients with any
inconsistency. In 5 patients, normal respiratory sounds were interpreted as crackles or continuous sounds by automatic analy-
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sis. On the contrary, automatic analysis did not indicate rhonchi
in 2 patients and squawk in 1 patient, which were recognized by
physicians.
DISCUSSION

In the present study, we revealed that repeated hearing of recorded lung sounds might exceed live auscultation in a clinic
and contribute to further improvement of auscultation. In 59%
of the study subjects, the interpretation of recorded lung sounds
was consistent between physicians. In 63% of the lung sounds
with any inconsistency of interpretation, the consensus interpretation was same as the original interpretation by the attending
physician, suggesting that awareness of the underlying diseases
might have influences interpretation of lung sounds.
Automatic analysis and physicians’ diagnosis agreed
in 62% of the study subjects. In the most cases of inconsistent
interpretation between automatic analysis and physicians, background noises and normal respiratory sounds were judged as
crackles or continuous sounds by automatic analysis (i.e., overdiagnosis). It was indicated that automatic analysis using newly
developed algorithm based on the acoustic characteristics may
possess satisfactory sensitivity for screening of respiratory diseases although its specificity remains to be improved.
In this study, the threshold of frequency between
wheezes and rhonchi was about 200 Hz. On a literature, wheezes
are defined as high-pitched continuous sounds with dominant
frequency of 400 Hz or more.3 On the other hand, rhonchi are
defined as low-pitched continuous sounds with dominant frequency about 200 Hz or less, which is consistent with our interpretation. We recognized that interpretation of crackles (i.e.,
coarse or fine) was sometimes inconsistent between the physicians. As automatic analysis graphically shows frequency, incidence density, and amplitude of lung sounds, it may contribute
to uniform interpretation of continuous sounds and crackles by
physicians and accurate diagnosis and evaluation of respiratory
diseases.
The development of computer technology has made it
possible to acquire, process, and store lung sounds from patients
and visualize sound signals.4,5 However, it usually requires larger equipment, which excludes its application to clinical practice.
As our system for recording and analyzing lung sounds is compact, we could easily acquire sound data and immediately get
the result of analysis in an examination room. The results of our
study indicate that the algorithm of automatic analysis is promising for quantitative analysis and visualization of discontinuous
and continuous sounds.
For patients with respiratory diseases or swallowing
disturbance who have difficulties in accessing hospitals, it is
critical to assess changes in lung sounds at home. It will be beneficial if a tool for sharing and analyzing lung sounds recorded
by families or home care workers is developed. For lung sound
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analysis, we used iPod touch that is widely available and easy to
operate. In addition, lung sound data can be shared online as audio files. Further investigation is necessary to examine whether
our device and analyzing system are applicable to home care or
remote medicine.
CONCLUSION

In conclusion, repeated hearing of recorded lung sounds may
exceed live auscultation in a clinic. In many cases, interpretation of lung sounds was consistent between physicians although
awareness of the underlying disease may influence interpretation. Recording and analyzing lung sounds may contribute to
further improvement of auscultation.
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CASE REPORT

A 72-year-old man was admitted to the hospital to initiate chemotherapy for pleomorphic lung
carcinoma (T4N0M1a, stage 4 cancer). He had a history of chronic systolic heart failure with
severe mitral regurgitation diagnosed five years prior to this admission who had been receiving
cardiac resynchronization therapy (CRT). He had complained of nocturnal dyspnea, especially
when lying flat, as well as of dyspnea on exertion. A few weeks prior to his admission, his
dyspnea worsened to the point that he could not even walk a few steps, demonstrating a rapid
deterioration of performance status (PS).
On examination, he was in mild distress, with a performance status of 3 out of a possible score of 5, defined as capable of only limited self care; confined to bed or chair more
than 50 percent of waking hours.1 His vital signs were normal, except for his sinus tachycardia,
with an elevated rate of 108 beats per minute. His oxygen saturation while breathing ambient
air was above 90%. However, he was later noted to experience nocturnal desaturation as his
oxygen saturation dropped to 80-85% at night while he was sleeping. His liver function tests
(LFTs) were significant for aspartate aminotransferase (AST) 51 international units per litre
(IU/L), alanine aminotransferase (ALT) 359 IU/L, alkaline phosphatase (ALP) 360 IU/L, and
γ-glutamyl transpeptidase (γ-GTP) 125 IU/L.
On the third day of the admission, he complained of increased shortness of breath at
night. On examination, he was in respiratory distress and tachypnic. The body temperature was
37.3 °C, blood pressure of 94/70 mm Hg, pulse of 118 beats per minute, respiratory rate of 28
breaths per minute, and an oxygen saturation of 85% while he was breathing ambient air. He
had cyclic crescendo-decrescendo breathing, which was accompanied by apnea and desaturation, and his apnea lasted for about 10 seconds per cycle, consistent with Cheyne-Stokes respiration (CSR) (Video 1). Although no apparent adventitious cardiac sounds were noted, his
jugular venous pressure was slightly elevated to 10 cm H2O with cold extremities, as well as
marked elevation of serum brain natriuretic peptide (BNP) level (1274 pg/mL). He was thus
diagnosed with acute congestive heart failure (CHF) with a congestive liver and was treated
with oral furosemide (20 mg per day). His dyspnea, nocturnal hypoxemia, and CSR, as well as
abnormal LFTs, improved over the following few days, and he was transferred to the sub-acute
care facility where he continued to receive further therapy.
CSR has been recognized in 30-50% of patients with chronic CHF2 and the prevalence
is much higher when CHF is more severe.3,4 In general, hypoxemia in patients with CSR is
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Note: To best view
1. Kindly open the pdf file in Adobe Reader XI version.
2. Please save the pdf file on your local computer.
3. To watch the video kindly install the latest adobe flash player. Click here to download: http://get.adobe.com/flashplayer/otherversions/

Video 1: Breathing pattern of patient with cheyne-stoke respiration.

mild (oxygen saturation is usually above 80-85%). Some articles
report that the presence of CSR is a poor prognostic factor for
CHF,5,6 but conflicting data exists that would indicate otherwise.7
A CSR is not only a predictor of poor prognosis of CHF, but
CSR may worsen the heart failure itself. Therefore, timely diagnosis and intervention, such as diuresis and/or bilevel positive
airway pressure (BiPAP), are essential. In this case, it was with
the careful bedside examination to observe this breathing pattern and with careful examination of neck veins that we detected
acute worsening of congestive heart failure, since there was no
apparent adventitious cardiac sound noted. This case reminds us
of the importance of careful inspection at the bedside, and of the
fact auscultation of the chest is not the only part of the physical
examination to detect heart failure.

3. Bitter T, Faber L, Hering D, Langer C, Horstkotte D, Oldenburg O. Sleep-disordered breathing in heart failure with normal
left ventricular ejection fraction. Eur J Heart Fail. 2009; 11(6):
602-608. doi: 10.1093/eurjhf/hfp057
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CASE REPORT

A 67-year-old woman experienced chronic dyspnea, wheezes, and dry cough for 1 year and was
admitted to our hospital. She had no remarkable medical history. Her dyspnea worsened over
2 months and was admitted to the hospital for further diagnostic and therapeutic interventions.
On examination, the patient was in respiratory distress. The blood pressure, pulse rate,
respiratory rate, temperature, and oxygen saturation were 158/108 mmHg, 108 beats per minute, 30 breaths per minute, 36.4 °C, and 92%, respectively while she was breathing ambient air.
Physical examination revealed paradoxical breathing with the chest wall moving inwards during inspiration and outwards during expiration (Video 1) together with diffuse inspiratory and
expiratory wheezes of Jonson Grade 3 (Video 2). Diaphragm ultrasonography was performed
to assess her respiratory failure, which revealed a normally functioning diaphragm, i.e. it descended during the inspiratory phase and ascended during the expiratory phase (Video 3) with
a normal contraction (thickness of the diaphragm (tdi); Figure 1A: tdi at end-inspiration, 4.9
mm; Figure 1B: tdi at end-expiration, 2.6 mm; ∆tdi% of 88.4%). Thus, paradoxical breathing
was assumed to be due to high respiratory load that was triggered by severe asthma attack.

Copyright
©2016 Saraya T and Minami T. This
is an open access article distributed under the Creative Commons
Attribution 4.0 International License
(CC BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided
the original work is properly cited.
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Figure 1: Diaphragm ultrasonography reveals that right diaphragm contracts normally (thickness of diaphragm [tdi]; Figure 1A: tdi at end-inspiration, 4.9 mm; Figure 1B: tdi at endexpiration, 2.6 mm; ∆tdi% of 88.4%).
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Video 1: Paradoxical breathing with the chest wall moving inwards during inspiration
and outwards during expiration.

Video 2: Audiograph of Grade 3 wheezes during 10 seconds. Pink line shows continuous lung sounds coveringa wide range of high pitch (>200 Hz) both in inspiratory
and expiratory phases.

Video 3: Diaphragm ultrasonography with B-mode and M-mode at the zone of apposition (ZOA): Note both modes revealed high-echoic diaphragm dome moving well with
the respiratory cycle.”

Video 4: Pulsus paradoxus.
Note: To best view
1. Kindly open the pdf file in Adobe Reader XI version.
2. Please save the pdf file on your local computer.
3. To watch the video kindly install the latest adobe flash player. Click here to download: http://get.adobe.com/flashplayer/otherversions/
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Her condition worsened despite the aggressive therapy
with intravenous methylprednisolone and albuterol by nebulizer
and pulsus paradoxus (30 mmHg:210/180) was observed on day
5 of hospitalization (Video 4). However, her condition improved
over the following 2 days without additional treatment, and she
was discharged on day 14. Later, the bronchodilator reversibility
test was performed with the positive result supporting the diagnosis of asthma.
In summary, this case illuminates the importance of
diaphragm ultrasonography as a tool to assess paradoxical
breathing; moreover, it revealed that the paradoxical breathing
observed in the patient was not associated with diaphragm dysfunction. In general, paradoxical breathing suggests diaphragm
dysfunction or other respiratory muscle fatigue.1,2 However, Tobin et al reported that this could be observed because of an increased respiratory load rather than muscle fatigue.3 In our case,
diaphragm ultrasonography revealed that paradoxical breathing
is without diaphragm dysfunction. Therefore, we assume that it
was due to increased respiratory load that was triggered by severe asthma attack.2,3

http://dx.doi.org/10.17140/PRRMOJ-SE-1-105
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A 68-year-old woman was admitted to our hospital because of worsening dyspnea on exertion
for one week. She had been treated with supplemental oxygen with nasal cannula (0.25 L/
min at rest and 0.5 L/min during exercise) for type II respiratory failure due to restrictive lung
disease from severe kyphoscoliosis. On examination, the patient was in respiratory distress
with tachypnea. The temperature was 37.1 ºC, the pulse 86 beats per minute, respiratory rate
32 breaths per minute, and the blood pressure 120/80 mmHg. Examination of the neck demonstrated the jugular venous pressure of 10 cm of water, and examination of the chest revealed
limited movement of the chest due to deformities of thoracic spine and rib cage, which was
consistent with the known diagnosis of severe kyphoscoliosis. Point of maximal impulse (PMI)
of the left ventricle was located at the 6th intercostal space at the left midclavicular line.
Arterial blood gas analysis revealed worsening hypoxemia compared with her baseline: pH 7.379, pCO2 57 mmHg, pO2 54.6 mmHg, HCO3-32.9 mEq/L, and oxygen saturation
(SpO2) 85% while she was breathing with supplemental oxygen of 0.5 L/min via nasal cannula.
Chest radiograph revealed severe kyphoscoliosis with tracheal deviation (Figure 1),
which was confirmed by computed tomography (CT) of the chest (Figure 2). Electorocardiogram (ECG) showed a pulmonary p wave, tall R wave in V1, deep S wave in V5/V6, and right
axis deviation (Figure 3), suggesting right ventricular hypertrophy.
Of note, movement of PMI was better visualized by applying a sticky note “Post-it”
(Video 1) and a cotton swab (Video 2) on the chest wall. This revealed PMI is moving regularly with non-sustained tapping pattern. Similarly, pulsatile movement of carotid artery was
better visualized by attaching a cotton swab to the neck. This movement was without pulsus
tardus (Video 3), suggesting neither left ventricular hypertrophy nor aortic valvular heart dis-
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Figure 1: Chest radiograph on admission revealed severe thoracic deformities with tortuous trachea.
Figure 2: Computed tomography (CT) of the chest demonstrates severe thoracic cage deformities.
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Figure 3: Electrocardiogram on admission revealed a pulmonary p wave, tall
R wave in V1, deep S wave in V5/V6, and right axis deviation.

Video 1: Movement of PMI by applying a sticky note “Post-it”
on the chest wall.

Video 2: Movement of PMI by applying a cotton swab on the
chest wall.

Video 3: Movement was without pulsus tardus.

Video 4: Parasternal heave was also clearly visualized by attaching a “Post-it” at the second parasternal left intercostal
space (LICS) and the third LICS in both supine position.

Video 5: The parasternal heave was also clearly visualized by attaching a “Postit” at the second parasternal left intercostal space (LICS) and the third LICS in
sitting position.
Note: To best view
1. Kindly open the pdf file in Adobe Reader XI version.
2. Please save the pdf file on your local computer.
3. To watch the video kindly install the latest adobe flash player. Click here to download: http://get.adobe.com/flashplayer/otherversions/
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Figure 4: Echocardiography with parasternal short axis view at the level of papillary muscle (midventricular level) demonstrates dilated right ventricle with compressed left ventricle (Figure 4A) together
with severe tricuspid regurgitation with pressure gradient of 59 mmHg (TR velocity of 3.85 m/s) (Figure
4B).

ease is present. On further examination, auscultation of the heart
revealed accentuated pulmonary component (P2) of the second
heart sound (S2) together with parasternal heave. The parasternal heave was also clearly visualized by attaching a “Post-it”
at the second parasternal left intercostal space (LICS) and the
third LICS in both supine (Video 4) and sitting position (Video
5). Based on those physical findings, including elevated jugular
venous pressure, accentuated P2, and parasternal heave, she was
diagnosed with worsening right heart failure.
Echocardiography confirmed the presence of right heart
failure by enlargement of right ventricle and elevated estimated
pulmonary artery systolic pressure of 69 mmHg calculated from
tricuspid regurgitation (TR) velocity (Figure 4). After increasing
the dose of oral furosemide, her respiratory status improved, and
she was discharged on the 10th hospital day.

Pulm Res Respir Med Open J

The case illuminates that a sticky note “Post-it” and a
cotton swab can be a powerful diagnostic tool to aid our observation of PMI or carotid pulse, which could be otherwise difficult. These inexpensive bedside tools enable us to diagnose heart
failure at the bedside more easily and quickly, as seen in our
case, even prior to the application of echocardiography to further
facilitate the treatment.
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With Amyotrophic Lateral Sclerosis (ALS)
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CASE REPORT

A 73-year-old woman with Amyotrophic Lateral Sclerosis (ALS) presented at a universityaffiliated community hospital with increasing shortness of breath. She was diagnosed with ALS
2 years prior to this event, and she had lost all mobility except for limited neck flexion, ocular
motion, and eyewink. Her ALS status was severe (Functional Rating Scale 7),1 defined as the
need for almost continuous sputum suction and/or need to communicate with a communication
board.
On examination, she presented with shortness of breath with tachypnea with a respiratory rate of 30 breaths per minute. She had tachycardia with a heart rate of 120 beats per minute,
and she was diaphoretic. Her respiratory muscle weakness seemed to be severe with paradoxical respiration, which is characterized by the chest wall moving in during inspiration and out
during expiration together with dyssynchrony between the rib cage and abdomen (Video 1).
Ultrasonography of the diaphragm revealed that the thickness of diaphragm (tdi) changed very
little during inspiration and expiration along with a thin diaphragm (End-inspiration: 1.2 mm,
End-expiration: 1.1 mm). These observations suggested the presence of diaphragm dysfunction
(Figure 1).
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Video 1: Chest wall moving during inspiration and out during expiration together with
dyssynchrony between the rib cage and abdomen.

Note: To best view
1. Kindly open the pdf file in Adobe Reader XI version.
2. Please save the pdf file on your local computer.
3. To watch the video kindly install the latest adobe flash player. Click here to download: http://get.adobe.com/flashplayer/otherversions/
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Figure 1: (A) Sonogram of the diaphragm during expiration and (B) inspiration.

At the initial evaluation
(Room air)

One month later
(1 L/min via nasal cannula)

pH

7.489

7.443

pCO2 (mmHg)

40.5

71.4

87

68.5

30.5

48.1

13

13

pO2 (mmHg)
HCO3 (mEq/L)
A-a DO2 (mmHg)

Table1: Arterial blood gas analysis at initial evaluation and a 1-month later.

McCool FD and Minami reported2 that diaphragmatic
dysfunction is probable when tdi at end-expiration is less than 2
mm, and/or change of the thickness (∆ tdi%) is less than 20%.
Both of these criteria were met in our case (Figure 1). Hiwatani
et al3,4 reported that at thickening ratio of the diaphragm, defined
by the maximum tdi divided by the minimum tdi, of 1.39 or less
in patients with ALS could predict development of hypercapnia
(PaCO2≥45 mmHg). Indeed, the ratio of diaphragm (max/min)
in our case was 1.09, less than the cut-off point of 1.39. The
patient subsequently developed hypercapnia with CO2 narcosis
and died from hypercapnic respiratory failure 1 month after the
initial examination. Of note, alveolar-arterial oxygen gradient
(A-aDO2) at the initial examination and when she developed hypercapnic respiratory failure, 1 month after the first examination,
were almost identical, and both values were within normal limits
(13 mmHg) (Table 1). This suggests that respiratory failure was
from hypoventilation alone, rather than from other causes, such
as shunt, ventilation-perfusion (V/Q) mismatch, or decreased
diffusing capacity.
This case illuminates the importance of diaphragm ultrasonography as a tool to evaluate patients with ALS, particularly those with respiratory issues. Diaphragm ultrasonography
may help to detect the underlying pathophysiology and predict
hypercapnic respiratory failure. In our case, diaphragm ultrasonography revealed a thin diaphragm along with low ∆ tdi%,
indicating that the paradoxical respiration observed at the initial
examination was likely due to diaphragmatic dysfunction. Diaphragm ultrasonography also served to predict the progression
to hypercapnic respiratory failure and thus aided in predicting
the prognosis for the patient.
Pulm Res Respir Med Open J
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A 35-year-old woman was admitted to this hospital because of worsening shortness of
breath and productive cough for 3 days. Her past medical history was remarkable for Namaland sympathy, which was diagnosed at the age of 4 by muscle biopsy as she developed muscle
weakness with Gower’s sign. For 3 years prior to this admission, she had been suffering from
recurrent pneumonia, likely due to aspiration due to impaired bulbar functions along with her
muscle weakness. Obstructive Sleep Apnea (OSA) was suspected as she complained of morning headache, daytime fatigue and night sweats and the diagnosis was confirmed by overnight
polysomnography with severe obstructive sleep apnea (OSA) with AHI of 46.2 events per hour
2 years ago, which had been treated by Bi-level Positive Airway Pressure (BIPAP). Echocardiography was normal except for mild elevation in pulmonary arterial mean pressure.
On examination, she was in respiratory distress. The temperature was 37 ºC, the blood
pressure 112/64 mmHg, the pulse 107 beats per minute, the respiratory rate 22 breaths per minute, and the oxygen saturation 93% while the patient was breathing with supplemental oxygen
of 1.5 L per minute through nasal cannula. Auscultation of the chest revealed bilateral holoinspiratory crackles. Computed Tomography of the chest revealed consolidation in right middle
and left lower lobe, concerning for aspiration pneumonia, particularly by bacterial origin.
On one night, her oxygen saturation dropped down to 64% and she became lethargic.
Her arterial blood gas revealed elevation of partial pressure of carbon dioxide (PaCO2) of 108
mmHg. This acute hyper apnea was thought to be due to hypoventilation due to unfitted mask.
As the mask was re-adjusted, and FiO2 was lowered to keep her SpO2 above 85%, her mental status and PaCO2 level improved. Her overall condition including breathing dramatically
improved as we performed respiratory physiotherapy along with frequent sputum suctioning.
Given this, we assumed her pneumonia is exacerbated by hypoventilation and by inability to
cough up sputum due to respiratory muscle weakness, including diaphragm dysfunction. Diaphragm ultrasonography revealed thin diaphragm thickness (tdi) along with minimal change
of thickness of diaphragm (∆ tdi%: ∆ tdi / tdi end-expiration) during inspiration and expiration
to support our hypothesis (tdi on end-inspiration: 1.76 mm (mean), tdi on end-expiration: 1.73
mm, ∆ tdi%:1.7 %) (Figure 1A, 1B, Video 1). Despite the presence of diaphragm dysfunction
according to the definition by Maccool1 and Minami,2 movement of rib cage and abdomen were
normal (Video 2). Ryan et al reported that patients with typical congenital hemline sympathy
often present with respiratory distress by diaphragm dysfunction with slow progress, as seen
in our case.3 This case is unique as she did not develop paradoxical breathing, a common finding for bilateral diaphragm dysfunction. This finding supports Tobin’s finding that paradoxical
breathing is triggered by respiratory high load, rather from respiratory muscle weakness.4,5
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Note: To best view
1. Kindly open the pdf file in Adobe Reader XI version.
2. Please save the pdf file on your local computer.
3. To watch the video kindly install the latest adobe flash player. Click here to download: http://get.adobe.com/flashplayer/otherversions/

Figure 1: Ultrasonography of the diaphragmusing M-mode (A) showed the motion of the diphragmatic dome
seemed to be quite limited, suggesting diaphragmatic dysfunction. Thickening of the diaphragm was almost equal
at end-inspiration (B, left column, 1.76 mm) and end-expiratoin (B, right column, 1.73 mm).

Video 1: Diaphragm ultrasonography during inspiration and expiration.

Video 2: Movement of rib cage and abdomen.
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Inspection of the neck, including the inspection of veins is taught at most of the medical schools as a routine step of physical examination. However, rarely we see students assess
findings in a correct fashion, or even physicians may not perform well enough to be models for
students. We would like to present two cases, which could remind us of an importance of this
simple examination at the bedside. First of all, the right internal jugular vein is the best vein
in the neck to aid the diagnosis of heart failure or valvular dysfunction. If physicians cannot
observe the movement of internal jugular vein well, they could look at the external jugular vein,
which is much easier to observe and may be as reliable as internal jugular vein to assess Central
Venous Pressure (CVP)1 and jugular wave form, especially when tricuspid regurgitation exists.
Case 1 is an 80-year-old man who was admitted with an exacerbation of Chronic Obstructive Pulmonary Disease (COPD) with GOLD 3 (severe) airflow limitation. After initiation
of the treatments, his respiratory status had improved. However, on careful physical examination, you can observe the external jugular vein collapse at inspiratory phase, and distend at expiratory phase (Video 1). This implies the presence of a strong inspiratory effort due to COPD.
In addition, short trachea,2 use of the accessory muscle, which resulted in sternocleidomastoid
muscle hypertrophy, and retraction of the supraclavicular fossa at inspiratory phase (Video
2) can be observed as well, which all imply the presence of severe airflow limitation due to
COPD.3
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Video 1: External jugular vein collapse at inspiratory phase, and distend at
expiratory phase.

Note: To best view
1. Kindly open the pdf file in Adobe Reader XI version.
2. Please save the pdf file on your local computer.
3. To watch the video kindly install the latest adobe flash player. Click here to download: http://get.adobe.com/flashplayer/otherversions/
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Video 2: Sternocleidomastoid muscle hypertrophy, and retraction of the supraclavicular fossa at inspiratory phase.

Case 2 is an 84-year-old man who was admitted with
a diagnosis of acute heart failure. He has been treated with inhalation of short acting beta-agonist for COPD with GOLD 2
(moderate) airflow limitation.
In the sitting position, physical examination demonstrated distended external jugular vein up to submandibular area
with an estimated CVP above 15 cm H2O.4 With careful inspection of the external jugular vein, you can see the retrograde flow
in the vein, suggesting Tricuspid Regurgitation (TR). In addition, in the background of the external jugular vein, you can see
prominent systolic pulsations of the internal jugular vein, known
as C-V waves which were seen as pulsatile skin movement. Indeed, echocardiography revealed the evidence of heart failure
with moderate TR with pressure gradient of 40 mmHg as well as
the dilated inferior vena cava (24.6 mm) with decreased inspiratory collapse with collapsibility index of 31.3%.5
These two cases we present here remind us that careful
inspection of the neck, including internal and external veins, can
give us abundant clues to the diagnosis of heart failure and valvular dysfunction at the bedside. With the advancement of technologies, such as echocardiography or computed tomography,
we tend to forget bedside examination could be a strong tool as
well. However, simple bedside examination, including focused
inspection of the neck, still can serve as an invaluable diagnostic
tool to connect us to a right diagnosis, as seen in these cases, and
this could still stand with an art and science of bedside diagnosis.
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CASE REPORT

An 84-year-old man was transferred from a local hospital to our hospital because of a spinal
cord injury. He was admitted to the local hospital 4 days prior to the transfer after he tripped and
fell, and hit his head in the front. He was immediately taken to the local hospital and was admitted there for observation due to an inability to walk, which was reportedly attributed to his neck
pain. His vital signs, including heart rate were reportedly normal and physical examination was
unremarkable. Electrocardiogram revealed sinus rhythm with the rate of 74 beats per minute.
Chest radiograph was without focal opacities (Figures 1A, 1B and 1C). The patient were treated
conservatively with bed rest. The patient, however, developed seizure on the third day of the
admission. No intracranial bleeding were noted on head computed tomography (CT). However,
CT of the cervical spine demonstrated anterior dislocation at the C6 level (C8 cord level). In
addition, magnetic resonance imaging (MRI) with T2-weighted image revealed a vertically
spreading high intensity lesion at the C8 spinal cord level (Figure 2). Per record, on neurological examination, including manual muscle testing, the level of spinal cord impairment was
considered to be around C5 (Table 1). MRI findings, which were compatible with the anterior
dislocation of C6 with possible C8 spinal cord injury (Figure 2), and the neurological findings,
which suggested the involvement of higher levels of spinal cord at around C5 to C8 (Table 1)
thus had a discrepancy. Therefore, on the 4th day of the admission at the local hospital, he was
transferred to our hospital for undergoing an urgent posterior cervical spinal fusion (C5-Th1).
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Figure 1: Chest X-ray on admission to our hospital was normal (A), but the following day after surgery, the silhouette sign of the right diaphragm was positive (B).
On the fifth day post operation, left atelectasis was also noted (C).
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Figure 2: T2-weighted cervical MRI on sagittal view revealed
a vertically spreading high intensity lesion at the C6 vertebra,
i.e., the C8 spinal cord level (arrow).

Affected part

MMT

Affected cord level

Sternocleidomastoid

un examined

C4

Deltoid

2/2

C5

Biceps

2/2

C5-6

Triceps

1/1

C6-7

Wrist

1/1

C6-8

Trunk

UE

Under Th1

Low extrimity

0/0

Under L2

Anal sphincter

no contract,
no sensation

Table 1: Neurological findings, which suggested the involvement of higher levels of spinal cord at around C5
to C8.

Few hours after the surgery, the pulmonologists were
consulted as he developed further hypoxemia as well as difficulty expectorating sputum. On examination, he was in respiratory distress and was using his accessory muscles to breathe. The
respiratory rate was 25 breaths per minute, pulse 49 beats per
minute, the temperature 36.6 °C, and the blood pressure 124/68
mmHg. His respiration and oxygenation improved as he was
suctioned multiple times by bronchoscopy. He was then placed
on nasal high-flow oxygen therapy at flows of 50 L/min with
FiO2 of 40%. He needed frequent suction of sputum by bronchoscopy to maintain adequate oxygenation. Chest radiograph
on the following day revealed a positive silhouette sign of the
right diaphragm (Figure 1B), implying atelectasis in the right
lower lobes possibly due to excessive sputum production.
On the 5th day post-operation (8 days after the head
injury), the patient complained of severe dyspnea with wheezing. On examination, he was found to be in acute respiratory
distress. The temperature was 37.6 °C, blood pressure 111/59
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mmHg, pulse 58 beats per minute, respiratory rate 27 breathing per minute, and oxygen saturation 95% while breathing with
nasal high-flow mask at flows of 50 L/min with FiO2 of 40%.
Of note, paradoxical respiration, so called rib cage paradox, was
recognized (Video 1) together with atelectasis of left lower lobe
(Figure 1C).
Urgent diaphragm ultrasonography was performed at
the bedside, which revealed dysfunction of the bilateral diaphragm with an impaired contraction (thickness of the right diaphragm [tdi]; Figure 3A: tdi at end-expiration, 1.9 mm; Figure
3B: tdi at end-inspiration, 2.0 mm; ∆tdi% of 5.3%). He was thus
diagnosed with bilateral diaphragmatic paralysis due to spinal
cord injury around the C5 level. The goal of care was discussed
with the patient who declined further aggressive intervention,
including cardiopulmonary resuscitation. His code status was
thus changed to do-not-resuscitate (DNR). The next day (6 days
post-operation), he developed further bradycardia and hypotension and expired.
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Video 1: Paradoxical respiration.

Figure 3: Urgent diaphragm ultrasonography revealed dysfunction of the bilateral diaphragm
with an impaired contraction (thickness of the right diaphragm [tdi]; A: tdi at end-expiration,
1.9 mm; B: tdi at end-inspiration, 2.0 mm; ∆tdi% of 5.3 %).

DISCUSSION

Our case demonstrates that accurate determination of the level
of spinal cord injury is of crucial importance. Assessment of
diaphragm function is an important factor to assess the level of
spinal cord injury, since the phrenic nerve emanates from the
C3-C5 level. In this case, diaphragm ultrasonography clearly
demonstrated bilateral diaphragmatic paralysis possibly due to
spinal cord injury around the C5 level, which corresponded to
the neurological findings. On further review of the original MRI
images, it was suspected that the level of spinal cord injury was
in fact higher than it was originally reported, and consistent with
our neurological examination and diaphragm ultrasonography
findings. The other finding, which implied the presence of spinal
cord injury, other than the weakness of extremities, was the presence of bradycardia. Bartholdy et al1 reported that bradycardia
(heart rate of less than 50 beats per minute) was present in 1735% of the patients with cervical (C1-C8) cord injury within the
first 14 days. Indeed, the patient might have had impaired sympathetic innervation given the persistent bradycardia throughout
the clinical course.
Kirshblum et al2 described that 67% of patients with
acute spinal cord injury had respiratory complications within
the first few days, which might explain the advent of apparent
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pneumonia in our patient soon after the operation. While the extent of contribution from diaphragm dysfunction to the respiratory complications in this case is not clear, its presence could
certainly augment respiratory failure. Diaphragm function has
been traditionally evaluated by fluoroscopy with a sniffing test;
however, it may be associated with false negatives, and requires
transfer of patients who might be at risk for further spinal cord
injury upon moving. This case illuminates the importance and
the utility of diaphragm ultrasonography to aid the diagnosis of
spinal cord injury. Diaphragm ultrasonography does not require
radiation exposure, and can be performed quickly and repeated
multiple times as needed. It eliminates the need to transfer patients to the radiology suite.3,4 Diaphragm ultrasonography could
thus be an ideal tool for such patients to aid the diagnosis of
spinal cord injury, and should be utilized more frequently.
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