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Detection of myocardial enzymes, cardiac troponin T and
hepatic and renal function in the diagnosis and
treatment of severe pneumonia in children
Fengxia Han1, Jianhong Gao2, Jinghua Gai3
ABSTRACT
Objective: To analyze the significance of myocardial enzymes, cardiac troponin T (cTnT) and hepatic and
renal function in the treatment of severe pneumonia in children.
Methods: One hundred and twenty children with severe pneumonia who were admitted to the hospital
between April 2015 and February 2017 were selected and included as a severe pneumonia group; 120
children with common pneumonia were included as a common pneumonia group; 100 healthy children
were included as controls. The myocardial enzymes, cTnT and hepatic and renal function of patients in the
three groups were detected and compared. The children with severe pneumonia were divided into a mild
hypoxia group, a moderate hypoxia group and a severe hypoxia group according to arterial partial pressure
of oxygen; the myocardial enzymes, hepatic and renal function and cTnT of the children in the three
groups were compared. The correlations of partial pressure of blood oxygen with myocardial enzymes,
hepatic and renal function and cTnT were analyzed.
Results: The levels of myocardial enzymes, hepatic and renal function and cTnT of the severe pneumonia
group, common pneumonia group and control group declined, and the differences had statistical significance
(P<0.05). The levels of myocardial enzymes, hepatic and renal function and cTnT were higher in the
children with severe hypoxia. The partial pressure of blood oxygen was in a negative correlation with
myocardial enzymes, hepatic and renal function and cTnT in the severe pneumonia group.
Conclusion: Timely monitoring of myocardial enzymes, hepatic and renal function and cTnT has an
extremely important role in the evaluation of children with severe pneumonia.
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Children have higher risks of severe pneumonia
after being invaded by pathogenic bacteria because
of the incomplete development of functional
organs and immune system, insufficient respiratory
mucosa secretory immunoglobulin A, weak cough
and expectoration abilities and poor swallowing
reflex. Up to this day, severe pneumonia remains to
be a common disease in the pediatric field and one
of the factors inducing death.1,2 An investigation
suggested that about 14 million children under five
years develop severe pneumonia every year around
the world.3 Besides hypoxia, severe pneumonia,
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an infectious disease with high death rate, can
induce severe complications such as cardiac failure,
disseminated intravascular coagulation and severe
sepsis and finally lead to death.4,5 Currently many
indicators have certain references in reflecting the
severity of severe pneumonia. Jain S et al. pointed
out that procalcitonin (PCT) < 7 ng/mL could
reflect a good prognosis and that high level of PCT
usually indicated increased death rate.6 Usuda
D et al. considered that monitoring level of brain
natriuretic peptide could reflect the prognosis of
patients and carrying out interventional treatment
timely could enhance success rate of rescue.7 A
study suggested that high level of D-dimer could
reflect the severity of pneumonia and high risks of
death.8 But these studies all focused on the changes
of relevant indicators in the whole disease cycle,
which cannot help make accurate prediction in
the early stage. Timely and definite diagnosis and
interventional treatment is of great significance in
clinical treatment. It has been found that monitoring
the dynamics of myocardial enzymes and cardiac
troponin T (cTnT) has high values in evaluating
the severity of severe pneumonia in children.9,10 In
this study, the values of detection of myocardial
enzymes, cTnT and hepatic and renal function in
the treatment of severe pneumonia in children were
analyzed.
METHODS
One hundred and twenty children with severe
pneumonia who were admitted to the hospital
between April 2015 and February 2017 were
selected and included as a severe pneumonia group.
One hundred and twenty children with common
pneumonia were included as a common pneumonia
group. The severe pneumonia group included 70
males and 50 females; they aged from 6 months
and 10 years (average 5.86±1.07 years); body mass
was between 8.6 kg and 30.4 kg (average 23.89±1.13
kg). As regards symptoms, there were 71 cases of
cough/expectoration and 49 cases of dyspnea.
There were 54 cases of mild hypoxia, 50 cases of
moderate hypoxia and 16 cases of severe hypoxia.
The common pneumonia included 60 males and
40 females; they aged from five months and 10
years (average 5.83±1.06 years); the body mass
of them was between 8.4 kg and 30.7 kg (average
23.92±1.11 kg). As to the symptoms, there were
74 cases of cough/expectoration and 56 cases of
dyspnea. Patients who satisfied relevant diagnostic
and degree criteria described in the Guidelines for
the Diagnosis and Management of CommunityPak J Med Sci
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Acquired Pneumonia edited by Respiratory Society
of Chinese Medical Association,11 were admitted to
pediatric intensive care unit for at least 24 hours,
could operate with treatment, could be tracked
for outcome, and had complete clinical data were
included. Those who had leukemia and systemic
infection, had diseases such as bronchial asthma,
bronchopulmonary dysphasia, foreign body
aspiration and latent tuberculosis infection, had
chronic cardiac insufficiency, had underwent
anticoagulant therapy on admission, had history
of primary blood coagulation disorder and
congenital coagulation factor abnormality, or took
glucocorticoids or immunosuppressive agents for
a long term were excluded. One hundred healthy
children were selected as controls. There were 59
males and 41 females; they aged from 7 months to
10 years (average 5.80±1.06 years). Body mass of the
controls was between 8.2 kg and 30.5 kg (average
23.91±1.13 kg). No differences were observed in the
general data between the three groups (P>0.05);
therefore, the results were comparable. The study
protocol was reviewed and approved by the ethics
committee of the hospital, and the family members
of the included children had signed informed
consent.
Methods: 4 mL of fasting venous blood was collected
from each patient who has fasted for more than
24 hour in the three groups. Myocardial enzymes
and hepatic and renal function indexes including
creatine kinase (CK), lactic dehydrogenase (LDH),
α-hydroxybutyrate dehydrogenase (α-HBDH),
aspartate transaminase (AST), creatine kinaseisozyme MB (CK-MB), urine creatinine (UCr) and
alanine transaminase (ALT) were detected using
a fully automatic biochemical analyzer (AU5800,
Beckman Coulter, Inc., USA). Levels of cTnT and
albumin (Alb) in the serum were detected using
Biotin-Streptavidin enzyme-linked immunosorbent
assay (BSA-ELISA), micro plate reader and kit
(Beckman Coulter, Inc., USA). Arterial blood gas
analysis was needed for the children with severe
pneumonia. The level of arterial partial pressure of
oxygen (PaO2) was detected to grade hypoxia; the
level of PaO2 < 7.69 kPa was determined as mild
hypoxia, the level of PaO2 between 5.29 kPa and
7.69 kPa was determined as moderate hypoxia,
and the level of PaO2 < 5.29 kPa was determined as
severe hypoxia. Firstly all the articles needed were
prepared. Whether the injectors used were air-proof
should be checked before blood collection. The
whole needle tubing was immersed with a small
amount of heparin; if no bubble appeared in the
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injector, then the injector was considered air-proof.
3 mL of blood was collected from the radial artery
of each patient. The amount of the blood should
not be excessive; otherwise anticoagulation results
would be affected. The needle head was sealed, and
the samples were mildly shaken. Finally the blood
samples were sent for testing.
Observation indicators: The levels of LDH, AST,
α-HBDH, CK-MB, CK and cTnT and hepatic and
renal function indicators (UCr, Alb and ALT) of the
children in the three groups, the levels of cTnT and
myocardial enzymes and hepatic and renal function
indicators of the children with severe pneumonia,
i.e. children in the mild, moderate and severe
hypoxia groups, and the correlations of partial
pressure of blood oxygen, myocardial enzymes,
hepatic and renal function and cTnT were observed
and analyzed.
Statistical analysis: Data were analyzed using
SPSS version 22.0. Measurement data normally
distributed were expressed as mean ± standard
deviation (SD) and compared using t-test.
Enumeration data were expressed as percentage.
Comparison between groups was carried out using
Chi-square test. If P<0.05, then the difference was
considered as statistically significant.
RESULTS
The levels of myocardial enzymes and cTnT and
the values of hepatic and renal function indicators
were the highest in the severe pneumonia, followed
by the common pneumonia group and control
group (P<0.05, Table-I).

The levels of myocardial enzymes, cTnT and
hepatic and renal function indicators of the severe
hypoxia group were significantly lower than those
of the moderate hypoxia group (P<0.05), and the
levels of myocardial enzymes, cTnT and hepatic
and renal function indicators of the moderate
hypoxia group were significantly lower than those
of the mild hypoxia group (P<0.05, Table-II). The
partial pressure of blood oxygen was in a negative
correlation with myocardial enzymes, hepatic and
renal function indicators and cTnT in the severe
pneumonia group (p<0.05) (Table-III).
DISCUSSION
Pneumonia is common among children as they
have weak immunity. Infants under one year
are of high risks to develop severe pneumonia.12
Myocardial damage is the most common
complication of pneumonia, which is caused by
the joint damage of enzymes and toxins generated
by pathogens and many oxygen free radicals and
inflammatory factors released by the body.13 Severe
pneumonia accompanied with myocardial damage
usually develops rapidly and can threaten lives in
a short time. Therefore it is of great values to early
diagnose severe pneumonia.
Myocardial cells have strong abilities of repairing
and regeneration in the growth stage of children.
Myocardial tissues can be repaired in a short time if
myocardial damages are discovered and treated as
soon as possible.14 But the symptoms and vital signs
are not obvious in the early stage of pneumonia
accompanied with myocardial damages. Moreover

Table-I: Comparison of myocardial enzymes, cTnT and hepatic and renal function indicators
between the severe pneumonia, common pneumonia and control groups (mean ± SD).
Severe pneumonia
group

Common
pneumonia group

Control group

t

P

LDH (U/L)

287.41±51.26

195.42±49.33

200.33±2.35

8.552

<0.05

AST (U/L)

75.62±8.41

41.27±7.42

25.27±1.11

8.328

<0.05

335.50±45.35

215.48±42.46

80.53±1.36

8.427

<0.05

262.26±41.63

149.48±37.51

45.88±1.12

8.433

<0.05

42.36±4.57

21.63±4.28

12.09±1.10

8.342

<0.05

1.05±0.27

0.05±0.01

0.02±0.01

8.119

<0.05

Serum creatinine
(μmol/L)

110.37±1.43

88.46±1.45

40.32±1.38

8.311

<0.05

Serum Alb (g/L)

93.41±4.13

60.24±3.26

27.34±1.08

8.343

<0.05

ALT (U/L)

78.33±6.41

45.33±4.27

24.08±1.11

8.306

<0.05

Group

Α-HBDH (U/L)

Myocardial
enzymes

Creatine phosphate
kinase (U/L)
Creatine phosphate
kinase-MB (U/L)
cTnT (μg/L)

Hepatic and
renal functions
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Table-II: Comparison of myocardial enzymes, cTnT and hepatic and renal function
indicators between children with different severity of hypoxia (mean ± SD).
Severe hypoxia
group

Moderate
hypoxia group

Mild hypoxia
group

t

P

LDH (U/L)

254.93±15.57

307.67±16.02

227.42±15.55

10.876

<0.05

AST (U/L)

96.52±3.64

73.46±4.61

49.59±3.22

9.655

<0.05

Α-HBDH (U/L)

476.57±15.46

327.52±12.25

236.43±13.51

10.084

<0.05

CK (U/L)

312.81±15.47

268.73±17.31

219.55±16.36

10.544

<0.05

65.13±3.26

43.13±3.03

25.72±2.27

11.016

<0.05

3.08±0.01

1.63±0.01

0.30±0.01

12.088

<0.05

Serum creatinine
(μmol/L)

117.83±0.70

104.61±0.77

95.12±0.63

9.644

<0.05

Serum Alb (g/L)

112.46±4.50

87.52±3.24

69.66±3.55

9.349

<0.05

ALT (U/L)

99.86±2.02

78.71±1.92

51.63±2.29

8.321

<0.05

Group

Myocardial
enzymes

CK-MB (U/L)
cTnT (μg/L)
Hepatic
and renal
functions

Table-III: The correlations of partial pressure of blood oxygen with myocardial enzymes,
hepatic and renal function indicators and cTnT in the severe pneumonia group.
Statistics

Myocardial enzymes
LDH

AST

α-HBDH

CK

CKMB

r

-0.879

-0.955

-0.948

-0.829

-0.979

P

<0.05

<0.05

<0.05

<0.05

<0.05

nearly no abnormal manifestations are displayed
through
conventional
electrocardiograph
examination. Currently whether a pneumonia
patient has myocardial damage or not can be
determined by detecting his myocardial enzymes
and cTnT.
Myocardial cells contain many enzymes such as
CK, LDH, α-HBDH, AST and CK-MB, which is called
myocardial enzymes.15 LDH which has the highest
level in the kidney, can be used for determining
whether hepatic function is normal. The level of AST
in the liver is secondary to that in the heart. When
myocardial cells are threatened by inflammation and
hypoxia, cell membrane permeability will increase
immediately, and the aforementioned enzymes will
generate automatically and enter blood to increase
the release of CK.16 As CK, AST and LDH are not in
myocardial cells and the specificities of myocardial
injury are insufficient, only the increase of LDH
and CK at the same time can indicate myocardial
damage. LDH, LDH2 and CK-MB have high levels
in myocardial cells, and α-HBDH can reflect the
activity of LDH and LDH2; therefore α-HBDH and
CK-MB are the specific indicators for myocardial
damages in the early stage. When the activity of
CK-MB exceeded 8%, its values in diagnosing
myocardial damages are significant.17 A study has
Pak J Med Sci
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cTnT

Hepatic and renal functions
Serum
creatinine

Serum Alb

ALT

-0.840

-0.912

-0.839

-0.819

<0.05

<0.05

<0.05

<0.05

suggested that CK-MB had a specificity of 100%
in the diagnosis of myocardial damages18, and its
positive diagnosis rate was 96.45%. cTnT which
can regulate myocardial contraction is usually in
myocardial cells. Level of cTnT will increase several
hours after the occurrence of myocardial damages.
Level of cTnT is the highest in half a day or one day
after damage, 40 or 50 times higher than the normal
level, and will recover half a month later. Chen H
et al. found that cTnT was specific to the damages
of myocardial cells.19 Clinically manufactured
monoclonal antibodies can specifically identify
cTnT.
The results of the present study demonstrated
that the levels of myocardial enzymes and cTnT and
values of the hepatic and renal function indicators
in the children with severe pneumonia were higher
than those in the children with common pneumonia
and controls. Compared to the healthy children,
the above indicators had significant changes in
both severe pneumonia and common pneumonia.
The detection and analysis of the indicators will
help initial determination of the category and
severity of pneumonia. Moreover it was also found
that the levels of cTnT and myocardial enzymes
were significantly different between the children
with mild, moderate and severe hypoxia in the
Vol. 34 No. 5
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severe pneumonia group; the severer the condition
of hypoxia, the higher the level of cTnT and
myocardial enzymes; the partial pressure of blood
oxygen of the children with severe pneumonia was
in a negative correlations with cTnT and myocardial
enzymes. Therefore it could be concluded that the
higher the levels of cTnT, hepatic and renal function
indicators and myocardial enzymes in the children
with severe pneumonia, the more serious the
condition of myocardial damages.
Limitations of the Study: The research time was
short, and it was a single-center study with a small
sample size; hence errors were inevitable. Therefore
randomized controlled studies with larger sample
size are needed to further verify the application
values of those indicators.
CONCLUSION
In conclusion, detection of myocardial enzymes,
cTnT and hepatic and renal function is beneficial
to the evaluation of disease progress and effect
of clinical treatment in the treatment of severe
pneumonia in children. As such it is preferable and
worth promotion.

7.

8.

9.

10.

11.

12.

13.

14.

Declaration of interest: All authors declared there
was no conflict interests involved.
Grant Support & Financial Disclosures: None.

15.

REFERENCES
1.
2.

3.

4.

5.

6.

Yang CQ, Guo SA. Analysis on clinical characteristics of
children with severe pneumonia with myocardial damage.
Chin J Trauma Disab Med. 2014;(8):22.
Zhang Y, Xiao YL, Li XB. Change of serum CK,
CTnT levels and ECG in children with pediatric
pneumonia. J Hainan Med Coll. 2015;21(8):1097-1099.
doi: 10.13210/j.cnki.jhmu.20150505.020.
De Neve NY, Benoit DD, Depuydt PO, Offner FC, Nollet
J, Noens LA, et al. Aspiration pneumonia; an underestimated
cause of severe respiratory failure in patients with
haematological malignancies and severe oral mucositis?
Acta Clin Belg. 2010;65:416-419.
Scicluna BP, van Vught LA, van der Poll T, Klein
Klouwenberg PMC, Cremer OL. Reply: FAIM3 PLAC8 ratio
compared with existing biomarkers for diagnosis of severe
community-acquired pneumonia: Comparing apples to
oranges. Am J Respir Crit Care Med. 2016;193(1):102-103.
doi: 10.1164/rccm.201509-1752LE.
Lalwani S, Mathur P, Tak V, Janani S, Kumar SI, Bagla R, et al.
Diagnosis of ventilator-associated pneumonia: Comparison
between ante-mortem and postmortem cultures in trauma
patients. Indian J Med Microbiol. 2014;32(3):294-300. doi:
10.4103/0255-0857.136572.
Jain S, Sinha S, Sharma SK, Samantaray JC, Aggrawal P,
Vikram NK, et al. Procalcitonin as a prognostic marker for
sepsis: A prospective observational study. BMC Res Notes.
2014;7(1):458. doi: 10.1186/1756-0500-7-458.
Pak J Med Sci

September - October 2018

16.

17.

18.

19.

Usuda D, Sangen R, Hashimoto Y, Muranaka E, Iinuma
Y, Kanda T. Validation of a B-type natriuretic peptide as a
prognostic marker in pneumonia patients: A prospective
cohort study. BMJ Open. 2016;6(2):e010440. doi: 10.1136/
bmjopen-2015-010440.
Nastasijevic BD, Radjenovic PT, Pejcic T, Stankovic
I, Jankovic I, Ciric Z, et al. Role of D‑dimer in predicting
mortality in patients with community-acquired pneumonia.
Med Glas (Zenica). 2014;11(1):37-43.
Ye J. Study on application of serum creatine kinase, troponin
T levels and ECG detection in treatment and prognosis
evaluation of children with pneumonia. Matern Child
Health Care China. 2015;30(29):4995-4997. doi: 10.7620/zg
fybj.j.issn.1001-4411.2015.29.28.
Yu ZX, Hua F, Zhang QX. Clinical study of early prediction of
severe pneumonia in children with serum cardiac troponin
and myocardial enzyme spectrum. Med Innov China.
2015;12(32):30-32. doi: 10.3969/j.issn.1674-4985.2015.32.009.
Respiratory Group of Society of Pediatrics of Chinese
Medical Association, the editorial board of Chinese Journal
of Pediatrics. Management Guidance for Communityacquired Pneumonia (2013 revised). Chin J Pediatr.
2013;51(10):745-752.
Yin WH. Efficacy discussion on de-escalation antibiotic
treatment of children with severe pneumonia. Chin J
Medic Guide. 2017;19(2):163-164. doi: 10.3969/j.issn.10090959.2017.02.026.
Zang J. Clinical significance of dynamic monitoring of
serum procalcitonin level of patients with severe pneumonia
and shock. Chin Commun Doct. 2011;13(22):255-256.
doi: 10.3969/j.issn.1007-614x.2011.22.246.
Chen GD, Liang SY, Feng BC. The clinical manifestations,
laboratory findings and imaging features in children with
mycoplasma pneumoniae pneumonia. Chin Gener Pract.
2015;18(1):59-64. doi: 10.3969/j.issn.1007-9572.2015.01.016.
Rui G, Huang BM, Liu XH, Zhou Bo. Effects of body
mass index on the length of hospital stay and total
disease course of children with pneumonia. Anhui Med
Pharm J. 2015;19(6):1150-1152. doi: 10.3969/j.issn.10096469.2015.06.040.
Haugen J, C’handyo RK, Brokstad KA, Mathisen M, Ulak
M, Basnet S, et al. Cytokine concentrations in plasma from
children with severe and non-severe community acquired
pneumonia. PLoS One. 2015;10(9):124-126. doi: 10.1371/
journal.pone.0138978.
Ding XF, Zhang B, Zhong LL, Xiao NG, Zhou QH, Duan ZJ,
et al. Viral etiology and risk factors for severe communityacquired pneumonia in children. Chin J Contemp Pediatr.
2012;14(6):449-453.
Yang F. Oxygen-driving and atomized mucosolvan
inhalation combined with holistic nursing in the treatment
of children severe bronchial pnenumonia. Pak J Pharm Sci.
2015;28(4):1477-1480.
Chen H, Zhang ZX, Lu C. Clinical characteristics of severe
pneumonia in children and the significance of neutrophil
elastase detection. J Pract Med. 2014;30(4):554-556.
doi: 10.3969/j.issn.1006-5725.2014.04.017.

Authors’ Contribution:
FXH: Study design, data collection and analysis.
JHG (Jianhong Gao) & JHG: Manuscript
preparation, drafting and revising.
FXH & JHG (Jianhong Gao): Review and final
approval of manuscript.
Vol. 34 No. 5

www.pjms.com.pk

1261

