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Can diaphragm excursion predict prognosis in patients with severe
pneumonia?
Introduction: Although thorax ultrasound has been used to diagnose pneu-
monia in recent years, the role of ultrasonic diaphragm evaluation in the
prognosis of pneumonia is unknown. This study aimed to assess the impact of
diaphragmatic excursion (Dex) measured by ultrasound on the prognosis of
severe pneumonia in critical care patients.
Materials and Methods: We prospectively recruited patients with severe pneu-
monia who were admitted to the intensive care unit (ICU) between January
2019 and July 2021. Patients’ Dex values, vital signs, clinical features, laboratory
parameters, APACHE-II scores on the first admission day of ICU, mortality and
respiratory support status at follow-up were recorded.
Results: There were 39 patients enrolled in the study. Mean Dex of the study
patients was 30.66 + 12.17 mm. Mean Dex was significantly lower in deceased
patients than survivors (18.37 + 8.12 vs 34.90 + 10.36 p< 0.001). Dex was
lower in patients who required invasive mechanical ventilation than those not
(24.90 = 10.93 vs 34.26 = 11.70, p= 0.017). The cut-off value of Dex was
Cite this article as: Griin Kaya A, Verdi EB, Siislii SN, found 19.0 mm for significantly predicted (p< 0.001) survival with the sensiti-
Oz M, Erol S, Ciftci F, et al. Can diaphragm excursion vity of 96.6% and specificity of 70%. Among the study group, diaphragm
predict prognosis in patients with severe pneumonia? excursion was negatively correlated with APACHE-II score (r= -0.688, p<

Tuberk Toraks 2021;69(4):510-519. 0.001) and respiratory rate (r=-0.531, p= 0.001).

Conclusion: Dex measured on the day of ICU admission can be used to eva-
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Diyafram ekskiirsiiyonu agir pnomoni hastalarinda prognozu ongorebilir mi?

Giris: Son yillarda pnémoni tanisinda toraks ultrasonu kullanilmasina ragmen,
diyaframin ultrasonik degerlendirmesinin pnémoni prognozundaki rolii bilin-
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memektedir. Bu ¢calismada, yogun bakim hastalarinda ultrasonla élciilen diyafragma ekskiirsiiyonu (Dex) agir pnémoni olgularinin
prognozu lzerindeki etkisinin degerlendirilmesi amaglanmustir.

Materyal ve Metod: Calismamiza, Ocak 2019 ile Temmuz 2021 arasinda yogun bakim dnitesine (YBU) yatinlan agir pnémonili has-
talar prospektif olarak dahil edildi. Hastalarin YBU ye ilk kabul giiniindeki Dex degerleri, vital bulgulari, klinik ézellikleri, laboratuvar
parametreleri, APACHE-II skorlari, takiplerde ise mortalite ve solunum destek durumlari kaydedildli.

Bulgular: Calismaya 39 hasta dahil edildi. Hastalarin ortalama Dex degeri 30,66 + 12,17 mm idi. Ortalama Dex, 6len hastalarda
hayatta kalanlardan daha disikti (18,37 + 8,12’ye vs 34,90 + 10,36 p< 0,001). Dex, invaziv mekanik ventilasyon (IMV) gerektiren
hastalarda IMV gerektirmeyenlere gére daha diisiiktii (24,90 + 10,93% vs 34,26 + 11,70, p= 0,017). Sagkalimi éngérebilme agisindan
Dex icin sinir deger, %96,6 duyarlilik ve %70 6zgilliik ile (p< 0,001) 19.0 mm bulundu. Hastalarin Dex degerleri ile APACHE-II skoru
(r=-0,688, p< 0,001), solunum sayisi (r=-0,531, p= 0,001) arasinda negatif yénde korelasyon saptand.

Sonug: Calisma sonuclarimiz YBU yaus giiniinde élciilen Dex degerinin, agir pnémonisi olan hastalarin prognozunu degerlendirmede

kullanilabilecegini distindiirmektedir.

Anahtar kelimeler: Pnémoni; diyafram ultrasonu; diyafram ekskiirsiiyon

INTRODUCTION

Pneumonia is the common reason for intensive care
unit (ICU) admissions worldwide. Additionally, it is the
prevalent secondary infection acquired by critically ill
patients. Severe pneumonia is the most common cause
of septic shock, often requires respiratory support ther-
apy, and is associated with a high mortality rate
(1). Therefore, early recognition of severe disease is
crucial for improved prognosis. Various scoring sys-
tems have been described to assess severity of the
disease. Furthermore, serum biomarkers help diagnose
and predict prognosis in clinical practice (1-3).

In recent years, thoracic ultrasound has gained popu-
larity with easy imaging of the lung, pleura and dia-
phragm in an efficient, cost-effective, and safe man-
ner. It is widely used to diagnose pleural fluid, atelec-
tasis, pneumonia and pneumothorax with good sen-
sitivity and specificity. Diaphragmatic ultrasound is
also helpful for the evaluation of diaphragmatic
function and its movement. It also provides informa-
tion about vital capacity, work of breathing, dia-
phragm contractile activity (4-7).

Diaphragm ultrasound has been used to predict the
success of weaning from mechanical ventilation and
assess respiratory effort. Additionally, sonographic
diaphragm assessment can be applied to recognize
diaphragmatic fatigue after surgery (8). Although few
studies show that diaphragm ultrasound can predict
pneumonia severity in children (9), the effect on the
severity of pneumonia in adult patients is not clearly
known. This study aimed to assess the impact of dia-
phragmatic excursion (Dex) measured by ultrasound
on the prognosis of severe pneumonia in critical care
patients.

MATERIALS and METHODS
Study Participants

We conducted a prospective study at the ICU of
Ankara University Faculty of Medicine Department of
Chest Diseases between January 2019 and July 2021.
All adult patients with severe pneumonia who were
admitted to our ICU were considered eligible. The
criteria for severe pneumonia was identified using the
2007 Infectious Diseases Society of America (IDSA)/
American Thoracic Society (ATS) (10) criteria include
the following: (1) having >1 of major criteria (invasive
mechanical ventilation or septic shock requiring
vasopressors); (2) having >3 of the minor criteria
(radiological multilobar infiltrates, increased respira-
tory rate 230 breath/min, PaO,/FiO, <250mmHg,
confusion, increased blood urea nitrogen (BUN)
>20mg/dL, decreased leukocyte count <4000 cells/
mm?, decreased platelet count <100.000 cells/mm?,
hypothermia<36°C, hypotension requiring excessive
fluid resuscitation). Patients with a life-threatening
condition requiring immediate intubation, being
under invasive mechanical ventilation on ICU admis-
sion, neuromuscular disease, diaphragm paralysis,
diaphragmatic hernia, chest wall abnormalities,
recent cardiothoracic surgery and transferred from
another critical care unit were excluded from the
study. The study was approved by the Human
Research Ethics Committee of Ankara University).
Written informed consent was obtained from each
patient or legal relative before enrolment in the study.

The patients’” demographic features, comorbid diseas-
es, the reason for ICU admission, APACHE-II score,
baseline hemogram, biochemical and arterial blood
analysis results were recorded in the first 24 hours of
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ICU admission. Additionally, during the study’s fol-
low-up time, patients’ data about the state of respira-
tory support, if any, duration of ICU stay and state of
mortality were collected.

Diaphragm Ultrasound

Diaphragm ultrasound was performed to assess Dex
by the same trained pulmonologist to reduce inter-op-
erator difference, using 2 to 5 MHz phased array
transducer at the bedside with a SonoSite M-Turbo
(SonoSite Inc., Bothell, WA, USA). At supine position,
the probe is placed via a subcostal approach in the
mid-clavicular line below the right costal margin to
obtain a good visualisation of the motion of the right
hemidiaphragm on B-mode. After correct visualisa-
tion of the right hemidiaphragm by B-mode, M-mode
is used to display the movement of the diaphragm.
During inspiration, the dome of the diaphragm
moves towards the ultrasound probe. The diaphrag-
matic excursion is measured during quiet breathing
by placing callipers at the bottom and top of the
diaphragmatic inspiratory and expiratory slope
(Figure 1).

Statistical Analysis

Statistical analyses were performed using the IBM
SPSS Statistics (Version 22.0. Armonk, NY: IBM
Corp.). The variables were investigated using visual
(histograms and probability plots) and analytical

(Kolmogorov-Smirnov/Shapiro-Wilk’s test) methods
to determine the normality of distribution. Normally
distributed variables were presented as mean and SD,
while non-normally distributed variables were pre-
sented as a median and interquartile range of
25751 percentiles  [IQR,; ... An unpaired
Student’s t-test and a Mann-Whitney U test were used
for the between-group comparison. The y2 test or
Fisher’s exact test was used to compare categorical
variables. Correlation coefficients and their signifi-
cance were calculated using Pearson’s tests. Receiver-
operating characteristics (ROC) analysis was per-
formed to quantify Dex on mortality using the area
under the curve (AUC). P-value of <0.05 was consid-
ered statistically significant.

RESULTS

In the study period, 51 patients were admitted to the
ICU with severe pneumonia. Following the exclusion
of 12 patients, 39 patients were enrolled in the study
flow chart of the study patients in Figure 2. Mean age
of the study patients was 69.4 + 7.8 years, and 17 of
them were females. Baseline demographic and clini-
cal features of study patients are given in Table 1.

All 39 patients had moderate to severe hypoxemia
(PaO, <60 mmHg) when admitted to the ICU; nine of
whom also had hypercapnia (PaCO, >45 mmHg).
Within the first 24 hours of ICU admission, six

Figure 1. Measurement of Dex on M-mode. Red-line indicates the diaphragm excursion
amplitude, yellow-line indicates the end-inspiration level of the diaphragm, blue-line
indicates the end-expiration level of the diaphragm.
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Figure 2. Flow-chart of the study patients.

patients required invasive mechanical ventilation
(IMV), 11 patients received high flow nasal cannula
oxygen (HFNC), and 13 patients received noninva-
sive mechanical ventilation (NIMV). The other nine
patients received conventional oxygen therapy
(COT). During follow-up in the ICU, 15 patients had
required respiratory support escalation (COT escala-
tion to HFENC/NIMV/IMV; HENC/NIMV escalation to
IMV). During ICU stay, 15 patients required IMV.

All of the 39 study patients required vasopressor ther-
apy during ICU stay. There were nine deaths (23.6%)
(8 of under IMV, 1 of NIMV) during the ICU stay in
this study, with a median survival time of 10 days
(IQR,5 /5: 7.0-14.5). Median length of ICU stay of

the survivors was 12 days (IQR,; c: 9.5-16.0).

Mean Dex of the study patients was 30.66 + 12.17
mm. Mean Dex was significantly lower in deceased
patients than survivors (18.37 = 8.12 vs 34.90 =
10.36, p< 0.001). Additionally, Dex was lower in
patients who required invasive mechanical ventila-
tion than those who did not (24.90 + 10.93 vs 34.26
+ 11.70, p= 0.017).

The cut-off value of Dex was found 19.0 mm for sig-
nificantly predicted (p< 0.001) survival with the sen-
sitivity of 96.6% and specificity of 70%. For predict-
ing survival, Dex’s areas under ROC curves were
AUC: 0.883, 95% confidence interval: 0.759-1.00
(Figure 3).

Baseline laboratory tests and clinical characteristics
of the patients were compared to determine possible

differences between patients with Dex 219 mm and
<19 mm (Table 2).

Among the study group, diaphragm excursion was
negatively correlated with APACHE-Il score (r=
-0.688, p< 0.001), respiratory rate (r= -0.531, p=
0.001) at the admission day to the ICU. Besides that,
diaphragm excursion did not correlate with the
length of ICU stay (r=-0.075; p= 0.649) (Figure 4).

DISCUSSION

The present study showed that Dex negatively cor-
related with APACHE-II score and respiratory rate in
patients with severe pneumonia. Mean Dex was sig-
nificantly lower in deceased patients than in those
who survived, while it was also lower in patients who
required IMV than those who did not. Additionally,
we found the optimal cut-off value for Dex to predict
mortality in ICU patients with severe pneumonia was
19 mm with a sensitivity of 96.6% and specificity of
70%. As to our knowledge, this is the first study to
evaluate the impact of Dex measured by ultrasound
on the prognosis of critical care patients with severe
pneumonia.

Diaphragm is the primary main inspiratory muscle of
breathing and plays a pivotal role in pulmonary ven-
tilation. Several techniques are available to evaluate
the diaphragm functions and activity, such as chest
X-ray, fluoroscopy, diaphragm EMG, computed
tomography (CT), pulmonary function tests. Beyond
these techniques, ultrasonography has gained popu-
larity in recent years, particularly in ICU, providing
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Table 1. The baseline characteristics of study patients

n (%) mean + SD median [IQR25-75]

Age (year)
Gender (male)
Comorbid disease
Hypertension
Diabetes mellitus
COPD
Asthma
Interstitial lung disease
Hearth failure
Atherosclerotic heart disease
Malignancy
APACHE-II score
Mean arterial blood pressure (mmHg)
Pulse rate (beats per minute)
Respiratory rate (breaths per minute)
Basal laboratory tests
PaO2 (mmHg)
Pa\CO2 (mmHg)
Hb (g/dL)
Leucocytes (1 03/mm3)
Platelet (10%/mm3)
BUN (mg/dL)
Creatinin (mg/dL)
ALT (U/L)
AST (U/L)
Albumin (g/L)
Protein (g/L)
Magnesium (mg/dL)
Ca (mg/dL)
Na (mmol/L)
K (mmol/L)

71.05 = 14.78
25 (64.1%)

64.1%)
33.3%)
48.7%)
1(2.6%)
1(2.6%)
16 (41.0%)
10 (25.6%)
7 (17.9%)
17.35 +3.32
96.01 +12.12
97.20 £ 27.72
24.97 £ 6.00

25 (
13 (
19 (
(
(2
(

53.04 +5.84
43.01 + 6.04
11.38 £2.22
11.92 + 3.47
227.27 +60.81
32 [22-56]
0.97 [0.75-1.37]
18 [13-37]
27 [20-44]
31.33 £5.89
50.04 + 8.25
212 +£0.42
8.53 £ 0.61
138.22 + 6.25
441 +0.75

aminotransferase, Ca: Calcium; Na: Sodium; K: potassium.

COPD: Chronic obstructive pulmonary disease, APACHE: The acute physiology and chronic health evaluation, PaO,: Partial arterial oxygen pressure;
PaCO,: Partial arterial carbondioxide pressure; Hb: Haemoglobin, BUN: Blood urea nitrogen, ALT: Alanine aminotransferase, AST: Aspartate

real-time imaging as a bedside applicable, noninva-
sive method (11,12). To date, most of the studies
about diaphragm ultrasound have focused on wean-
ing from mechanical ventilation, postoperative dia-
phragm functions and diaphragm paralysis (8).
Diaphragm excursion, diaphragm thickness and dia-
phragm thickness fraction were found to predict
adverse outcomes, such as weaning failure, pro-
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longed mechanical ventilation, prolonged ICU stay,
and increased mortality in critical care patients
(5,6,13-15). Although diaphragm ultrasound parame-
ters have been evaluated in COVID-19 pneumonia in
a few studies (4,16), no studies provide information
about diaphragm ultrasound on the prognosis of
pneumonia due to other infectious agents in critical
care patients.
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Figure 3. ROC curve analysis of Dex for predicting survival.

Despite recent advances in treatments and vaccines
for both bacterial and viral agents, pneumonia
remains the leading cause of ICU stay and death from
infection. Furthermore, various studies suggest that
respiratory failure, severe sepsis/septic shock, and
comorbid conditions are at greater risk of poor prog-
nosis (17,18). Increased B-lines which are vertical
hyperechoic artefacts arising from the pleural line;
diminished of A-lines, which are reverberation arti-
facts of pleural line; tissue-like structure due to the
loss of aeration of the lung; and pleural fluid can be
found in thorax ultrasound in pneumonia (7,19-21).
The location and intensity of these findings provide
information to assess the severity of pneumonia.
Furthermore, different scores, including lung ultra-
sound findings and clinical/laboratory parameters
have been suggested to diagnose and monitor pneu-
monia (19). A meta-analysis by Chavez et al. has
described a clear advantage of using lung ultrasound
over standard imaging for pneumonia with AUC 0.98
(95% CI: 0.98-0.99) (22). However, these studies
have focused on lung ultrasound and parenchymal
findings instead of diaphragm movement and
strength.

The present study revealed that patients who died
had lower Dex than survivors. In addition, Dex was
negatively correlated with the APACHE-II score and
the respiratory rate, which are the parameters that
determine severity of pneumonia. Theoretically, a
severe infectious/inflammatory process originating in
localizations adjacent to the diaphragm can affect
diaphragm mobility and strength directly by contigu-
ity (23). In addition, decreased diaphragmatic func-
tions may result from increased respiratory workload
or atelectasis associated with pneumonia. Hypoxemia
is one of the common features of pneumonia, and
reduced oxygen transport to the diaphragm and other
respiratory muscles may lead to respiratory muscle
fatigue through possible mechanisms; increased min-
ute ventilation and consequently the work of breath-
ing, enhanced blood flow competition between
respiratory and locomotor muscles, increased num-
ber of circulating metabolites such as lactate (24,25).
O’Leary and O’Halloran have shown that acute
hypoxia is sufficient to weaken diaphragm peak
force-generating capacity by 30% in a rat and sug-
gested diaphragm dysfunction caused by acute-hy-
poxia could be an under-recognized by other factors
contributing to diaphragm weakness in critical care
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Table 2. Comparing patients’ characteristics between patients with a diaphragmatic excursion of 219 mm and <19 mm

Patients with diaphragm

Patients with diaphragm

excursion <19 mm (n= 8) excursion >19 mm (n= 31) p
Age (year) 79 £ 14.92 69.00 + 14.26 0.118
Gender (male) 4 (50.0%) 21 (67.7%) 0.424
Comorbid disease
Hypertension 5 (62.5%) 20 (64.5%) 0.916
Diabetes mellitus 1(12.5%) 12 (30.8%) 0.229
COPD 2 (25%) 17 (54.8%) 0.235
Asthma 0 1(3.2%) >0.999
Interstitial lung disease 0 1 (3.2%) >0.999
Hearth failure 6 (75.0%) 10 (32.3%) 0.045
Atherosclerotic heart disease 2 (25.0%) 8 (25.8%) 0.999
Malignancy 2 (25.0%) 5 (16.1%) 0.617
APACHE-II score 21.62 = 2.61 16.25 + 2.51 <0.001
Mean arterial blood pressure (mmHg) 91.00 + 12.18 97.30 + 11.96 0.193
Pulse rate (beats per minute) 93.6 +26.70 98.12 + 28.33 0.688
Respiratory rate (breaths per minute) 30.25 £ 8.76 23.6 +4.29 0.072
Respiratory support during ICU stay
High flow nasal cannula 3 (37.5%) 13 (41.9%) 0.815
Non-invasive ventilation 4 (50.0%) 13 (41.9%) 0.670
Invasive ventilation 6 (75.0%) 9 (29.0%) 0.037
Need for respiratory support escalation 6 (75.0%) 9 (29.0%) 0.037
Basal laboratory tests
PaO, (mmHg) 49.16 + 6.84 54.04 + 5.22 0.033
PaCO, (mmHg) 48.36 + 6.21 41.63 + 5.26 0.003
Hb (g/dL) 10.60 + 0.93 11.58 +2.42 0.269
Leucocytes (10°/mm?) 13.09 +2.78 11.62 + 3.61 0.719
Platelet (10%/mm?) 215.87 +69.23 230.22 + 59.35 0.714
BUN (mg/dL) 51 [27.3-81.0] 30 [20-49] 0.065
Creatinin (mg/dL) 1.20 [0.84-1.66] 0.95 [0.75-1.29] 0.169
ALT (U/L) 20.0 [13.0-37.0] 17.50 [13.25-23.75] 0.553
AST (U/L) 27.0 [20.0-44.0] 30.0 [15.75-46.0] 0.848
Albumin (g/L) 30.31 £ 8.13 31.60 = 5.32 0.589
Protein (g/L) 57.16 £ 6.69 59.52 + 8.64 0.478
Magnesium (mg/dL) 1.99 + 0.29 2.16 £ 0.45 0.315
Ca (mg/dL) 8.25 + 0.48 8.61 +0.63 0.139
Na (mmol/L) 137.50 + 8.45 138.41 £5.72 0.716
K (mmol/L) 4.65 + 0.91 4.36 £ 0.72 0.359

COPD: Chronic obstructive pulmonary disease, APACHE: The Acute Physiology and Chronic Health Evaluation, PaO,: Partial arterial oxygen
pressure, PaCO,: partial arterial carbondioxide pressure, Hb: Haemoglobin, BUN: Blood urea nitrogen, ALT: Alanine aminotransferase, AST:
Aspartate aminotransferase, Ca: Calcium; Na: Sodium; K: Potassium.

* Bold values indicate statistical significance with a p-value less than 0.05.
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Figure 4. A. Correlation between Dex in mm and APACHE-II scores of patients on the first
day of ICU admission, B. Correlation between Dex in mm and respiratory rate of patients
on the first day of ICU admission, C. Correlation between Dex in mm and length of ICU
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(26). Furthermore, hypoxic conditions lead to
impaired utilization of oxygen, and it has a detrimen-
tal effect on the physiological role of the diaphragm
as well as the skeletal muscles by decreased ATP
utilization and increased cell membrane Na+/K+
ATPase pump content (24,25).

For COVID-19 pneumonia, previous studies have
reported that diaphragm dysfunction findings by
ultrasound could be associated with poor prognosis.
Possible mechanisms are thought to be critical illness
myopathy-neuropathy, ventilator-induced diaphragm
dysfunction, post-infectious inflammatory neuropa-
thy or direct neurological involvement of the SARS-
CoV-2 virus in these patient groups (4,27,28).
Theoretically, these mechanisms may also be associ-
ated with decreased diaphragmatic functions in
pneumonia-related to infectious/inflammatory causes
other than SARS-COV-2. On the other hand, critical
illness myopathy/neuropathy or ventilator-induced
diaphragm diseases is more likely for the following
days of ICU stay. In this study, we evaluated dia-
phragm with ultrasound on the first admission day of
the patients to the ICU. We think that the decreased
diaphragm functions on the day of admission to the
ICU in pneumonia may be related to the direct effects
of the infectious agent, acute hypoxemia or hypox-
ia-related oxygen radicals or tissue metabolites.

Our study results have shown that respiratory support
escalation rate is higher in patients with lower Dex
(<19 mm) than in normal Dex. Previous studies have
suggested Dex could be used as an index for dia-
phragmatic contractile activity (29). Diminished dia-
phragm contractions reduce the volume-generating
capacity of the diaphragm, resulting in respiratory
failure (30,31). Consistent with this, Dex has been
shown as a predictor of the success of noninvasive
ventilation and weaning from IMV (32-34).

Our study has some limitations. First, the sample size
was small to perform analysis to determine possible
predictors for decreased diaphragm functions.
Secondly, only the right hemidiaphragm excursion of
patients was measured, and diaphragm thickness and
thickness fractions have not been evaluated. Finally,
Dex was measured immediately upon admission to
the intensive care unit, but no serial measurements
were taken during the follow-up ICU stay.

To conclude, Dex measured on the day of ICU
admission can be used to evaluate the prognosis of

[E] 518 Tuberk Toraks 2021;69(4):510-519

patients with severe pneumonia. Also, patients with
diaphragm movement measuring less than 19 mm
should be followed more closely, as they have a high
mortality risk. Studies should be planned to develop
scores that determine the severity of pneumonia, in
which laboratory and clinical findings are evaluated
together with serial measurements and diaphragm
ultrasound parameters.
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