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Background: In previous study, we found elevated serum total lactate dehydrogenase (LDH) before 
correction of pectus excavatum and a decrease in total LDH after the deformity correction. In the present 
study, we analyzed total LDH activity and its isoenzyme patterns to investigate the causes of these laboratory 
findings in patients with pectus excavatum.
Methods: Between March 2014 to December 2018, 85 patients with pectus excavatum who had undergone 
the Nuss procedure (NP) and bar removal (BR) were included into this study. We analyzed (I) total LDH 
and its isoenzyme patterns before the correction, (II) relationships of total LDH and its isoenzymes with 
age at time of NP, sex, severity of pectus excavatum, and pectus morphology types, and (III) post-corrective 
changes. 
Results: The mean age of the patients was 13.6 (±6.5) years at the age of NP and the mean interval between 
NP and BR was 2.2 (±0.42) years. Seventy-one males and 14 females were included. The pectus types 
included 54 symmetric and 31 asymmetric cases. The mean Haller index before NP and BR were 3.8±1.45 
and 2.7±0.4, respectively. The mean of total LDH before NP (pre-correction) and BR (post-correction) were 
404.2±80.8 and 369.2±79.3 IU/L, respectively. Before correction, total LDH was significantly higher than 
normal values, irrespective of age [the young group (<10 years old), P=0.006, and the old group (≥10 years 
old), P<0.001]. The proportion of LDH5 was significantly higher than that of LDH4 (P<0.001). Total serum 
LDH was significantly associated with age at time of NP and Haller index (P<0.001 and P=0.030). There 
was no significant correlation between severity and total LDH. However, the value of only LDH5 among all 
isoenzymes had a significant positive correlation with severity (P=0.006) and the proportion of only LDH5 
in the severe group was significantly higher (P=0.003). After correction, proportions of each isoenzyme were 
all within the reference range, however, there were significant decreases in values of LDH1–LDH4, except 
LDH5 (P=0.020, P<0.001, P<0.001, and P=0.029). 
Conclusions: This study shows that pectus excavatum is a muscular disease entity and that laboratory 
findings are associated with compression of internal organs, which was explained by post-corrective changes 
in LDH activity and its isoenzyme patterns. This study will provide a deeper and wider comprehension of 
pectus excavatum.
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Introduction

Pectus excavatum is the most common congenital disease 
of the chest wall, characterized as depression of the anterior 
chest wall producing a funnel-shaped chest (1,2). There 
have been many studies on cardiopulmonary compromise 
and operative techniques in pectus excavatum (3-5). Patients 
with pectus excavatum, except cases with severe compression 
of the internal organs such as the heart and inferior vena 
cava, are usually healthy, asymptomatic, and are not known 
to show any specific laboratory findings such that further 
testing is considered unnecessary (1,6). However, in our 
previous study on routine preoperative laboratory checkups, 
we found an elevation in serum total lactate dehydrogenase 
(LDH) before correction of the deformity and a decrease 
of total LDH after correction of the deformity (6). 
We hypothesized that these findings were caused by a 
combination of the disease entity and compression of the 
internal organs (6). However, the causes of these findings 
were not evaluated, because tests on LDH isoenzymes were 
not included in routine laboratory checkups. LDH is an 
enzyme found in almost all viable cells and plays an essential 
role in cell energy production (7). LDH is a tetrameric 
enzyme, composed of four subunits which are the M and 
H proteins (7,8). These two proteins comprise five possible 
isoenzymes: 4H (LDH1), 3H1M (LDH2), 2H2M (LDH3), 
1H3M (LDH4), and 4M (LDH5) (7,8). These tetrameric 
isoenzymes show different tissue distributions (8). LDH1 
(heart type) exists in the heart and in red blood cells, LDH2 
exists in the reticuloendothelial system, LDH3 exists in the 
lungs, LDH4 exists in the kidneys, placenta, and pancreas, 
and LDH5 (muscle type) exists in the liver and striated 
muscle (8). LDH level is elevated due to various causes 
(7,8). Total LDH and its isoenzymes are usually examined 
to measure severity of tissue damage, to help identify the 
location, to monitor progression of severe infections or 
certain conditions, and to help screen some malignancies 
(7,9,10). In this study, we analyzed total LDH activity and 
its isoenzyme patterns to investigate the causes of these 
laboratory findings in patients with pectus excavatum. 

Methods

From March 2014 to December 2018, patients with pectus 
excavatum who had undergone the Nuss procedure (NP) 
and bar removal (BR) and met the inclusion criteria were 
included. Inclusion criteria for this study were as follows: 
(I) no other diagnosed disease except pectus excavatum, (II) 
no drug or medication intake, (III) no definite inflammation 

or infection signs or symptoms at the time of surgery, 
and (IV) no radiological abnormalities except pectus 
excavatum, such as tumors or pneumonia. Pectus BR was 
usually conducted 2 to 3 years after NP, based on patient 
condition. The laboratory tests on total LDH activity 
and its isoenzyme patterns were routinely conducted the 
day before surgery when blood samples were obtained for 
routine preoperative laboratory checkup. The references 
of total LDH and its isoenzyme pattern are determined 
through standard methods, including healthy people for 
regular examinations and outside data accumulation (10). 
No patient data was discarded on sampling or test errors. 
Values and patterns on LDH isoenzyme were separated and 
obtained by electrophoretic methods, and all laboratory 
results were obtained by standard methods using an auto 
analyzer (Hitachi 7600-210; Hitachi, Tokyo, Japan) and 
available assay kits (Sekisui Medical Co., Ltd., Tokyo, 
Japan). In order to investigate total LDH and its isoenzyme 
patterns in patients with pectus excavatum, we analyzed (I) 
total LDH and its isoenzyme patterns before correction 
(compared with the reference values), (II) relationships of 
total LDH and its isoenzymes with age at time of NP, sex, 
severity of pectus excavatum, and pectus morphology types, 
and (III) post-corrective changes. 

Statistical considerations and ethical statement

All data are presented as the mean ± SD. To judge the 
laboratory findings as normal or abnormal, data were 
compared with the lower or upper limit of the reference 
range using one sample t-tests. Because data distribution 
was non-normalized, nonparametric statistical methods (the 
Wilcoxon signed-rank test and the Spearman correlation 
test) were used when comparisons were performed. The 
Chi-Square statistic was used to check relationships between 
categorical variables. A multivariate linear regression model 
(backward, stepwise approach) was used to investigate 
independent parameters of total LDH and its isoenzyme 
patterns on pectus excavatum. The results were analyzed 
using the Statistical Package of Social Sciences version 22.0 
(SPSS, IBM Corp, NY, USA), with a value of significance 
of 0.05. An approval from Uijeongbu Saint Mary’s Hospital 
Ethics Committee was obtained for this study (approval 
number: UC19RESI0082). 

Results

A total of 85 patients were included in the study. The 
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mean age of study subjects was 13.6±6.5 years at the age 
of the NP and the mean interval between NP and BR was  
2.2±0.42 years. Seventy-one males and 14 females were 
included. The pectus types included 54 symmetric and 31 
asymmetric cases. The mean Haller index before NP and 
BR was 3.8±1.45 and 2.7±0.4, respectively. The mean total 
LDH before NP (pre-correction) and BR (post-correction) 
was 404.2±80.8 and 369.2±79.3IU/L, respectively. The 
overall clinical characteristics of the study subjects are 
presented in Table 1.

Pre-corrective total LDH activity and its isoenzyme 
patterns

Because the reference range for total LDH is different by 
age, we divided subjects into two groups (young group, 
YG <10 years old, and old group, OG ≥10 years old) (10). 
Total LDH in both groups was significantly higher than the 
normal values (YG, P=0.006, and OG, P<0.001) (Figure 1). 
LDH isoenzyme patterns are shown in Figure 2. There was 

a significant difference in LDH isoenzyme patterns from 
the reference. In other words, the proportion of LDH5 
was significantly higher than LDH4 (P<0.001) while the 
proportion of LDH4 is significantly higher than LDH5 
in normal populations. However, proportions of each 
isoenzyme were all within the reference range. 

Relationships of total LDH and its isoenzymes with various 
factors of pectus excavatum

We assumed that age at time of NP, sex, severity of pectus 
excavatum, and pectus morphology types were associated 
with total LDH and its isoenzyme patterns. Severity was 
defined with the Haller index (11). Multivariate analysis 
using a linear regression model analysis was performed to 
investigate the independent influencing factors for total 
LDH level in patients with pectus excavatum. The analysis 
showed that total serum LDH was significantly associated 
with age at time of NP and the Haller index (P<0.001 
and P=0.030). We divided the subjects into two groups 

Table 1 Overall clinical characteristics of the study subjects

Variables Pre-correction Post-correction P

Age (year), mean ± SD 13.6±6.5 15.71±6.6 <0.001

Sex, n

Male 71

Female 14

Morphology type, n <0.001

Symmetric 54 85

Asymmetric 31 0

Age group, n 1.000

YG (<10 years old) 24 23

OG (≥10 years old) 61 62

LDH, mean ± SD

Total LDH (IU/L) 404.2±80.8 369.2±79.3 <0.001

LDH1 (17.7–31.5%) 26.4±3.2 27.2±2.9 0.057

LDH2 (28.0–35.7%) 30.9±3.8 30.8±2.5 0.777

LDH3 (20.8–26.8%) 21.2±2.3 20.8±2.2 0.744

LDH4 (6.4–12.7%) 8.8±2.7 8.4±2.7 0.326

LDH5 (4.5–16.0%) 13.2±3.4 13.6±4.5 0.541

Haller index, mean ± SD 3.8±1.45 2.7±0.4 <0.001

LDH, lactate dehydrogenase; YG, young group; OG, old group.
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according to each influencing factor (age at time of NP and 
the Haller index). 

Ages at time of surgery
We divided the subjects into two groups by age at the time 
of surgery (YG <10 years old and OG ≥10 years old). Total 
LDH in the YG was significantly higher than in the OG 
(<0.001) and there was no significant difference in LDH 
isoenzyme patterns between them (Table 2). 

Severity
There was no significant correlation between severity 
and total LDH. However, values of only LDH5 among 
all isoenzymes had a significant positive correlation with 

severity (P=0.006). In addition, we divided the subjects into 
two groups by the median values of Haller index (3.5). We 
defined the high group (HG) as having Haller index >3.5. 
There was no significant difference in total LDH according 
to severity and the proportion of only LDH5 among all the 
isoenzymes was significantly higher in the HG (P=0.003) 
(Table 3).

Post-corrective changes of total LDH activity and its 
isoenzyme patterns
There was a significant decrease of total LDH after 
correction (P<0.001), and post-corrective total LDH was 
not significantly different from than normal value. LDH 
isoenzyme patterns are shown in Figure 2. There was also 
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Figure 1 Total LDH before and after correction of pectus excavatum [upper limit of reference of total LDH is 460 IU/L in ages <10 years 
(YG) and 330 IU/L in ages ≥10 years (OG)]. There was an elevation of serum total LDH before correction of the deformity (YG, P=0.006, 
and OG, P<0.001) and a decrease of total LDH after correction of deformity (P<0.001). LDH, lactate dehydrogenase; YG, young group; 
OG, old group.

Figure 2 Pre-corrective and post-corrective changes in LDH isoenzyme patterns. LDH isoenzyme pattern was different from the normal 
pattern. The proportion of LDH5 was significantly higher than LDH4 in patient with pectus excavatum while LDH isoenzymes in normal 
population were ordered as follow: LDH2 > LDH1 > LDH3 > LDH4 > LDH5. The proportion of LDH5 higher than LDH4 suggests that 
the cause of LDH elevation is associated with a disease of muscular. LDH, lactate dehydrogenase.
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Table 2 Total LDH and its isoenzymes according to age at time of surgery

Variables
Group (n=85)

P
YG (n=24) OG (n=61)

Age (years), mean ± SD 5.08±1.44 16.89±4.21 <0.001

Sex, n 0.976

Male 20 51

Female 4 10

Haller index, mean ± SD 3.97±0.79 3.73±1.64 0.499

Type 0.024

Symmetric 20 34

Asymmetric 4 27

LDH, mean ± SD

Total LDH (IU/L) 487.04±43.3 371.6±67.8 <0.001

LDH1 (17.7–31.5%) 26.9±3.2 26.2±3.2 0.458

LDH2 (28.0–35.7%) 29.5±3.0 31.5±4.0 0.108

LDH3 (20.8–26.8%) 20.8±1.7 21.3±2.6 0.257

LDH4 (6.4–12.7%) 9.6±2.2 8.5±2.9 0.153

LDH5 (4.5–16.0%) 13.3±2.9 13.2±3.5 0.784

LDH, lactate dehydrogenase; YG, young group; OG, old group.

Table 3 Total LDH and its isoenzymes according to severity of pectus excavatum

Variables
Group (n=85)

P
LG (n=42) HG (n=43)

Age (years), mean ± SD 13.1±6.0 14.0±7.0 0.544

Sex, n

Male 37 34 0.382

Female 5 9

Haller index, mean ± SD 3.1±0.3 4.5±1.8 <0.001

Type

Symmetric 26 28 0.824

Asymmetric 16 15

LDH, mean ± SD

Total LDH (IU/L) 413.7±74.3 394.9±86.6 0.377

LDH1 (17.7–31.5%) 27.1±3.5 25.7±2.7 0.088

LDH2 (28.0–35.7%) 31.3±3.8 30.6±3.8 0.072

LDH3 (20.8–26.8%) 21.5±2.1 20.8±2.5 0.374

LDH4 (6.4–12.7%) 8.8±2.9 8.9±2.6 0.972

LDH5 (4.5–16.0%) 12.0±2.8 14.4±3.5 0.003

LDH, lactate dehydrogenase; YG, young group; OG, old group.
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a significant difference in LDH isoenzyme patterns with 
the normal patterns and there were no post-corrective 
changes of LDH isoenzyme patterns. The proportion 
of LDH5 was also significantly higher than LDH4 after 
correction (P<0.001) (Figure 2). In addition, proportions of 
each isoenzyme were within the reference range, however, 
there were significant decreases in values of LDH1–LDH4, 
except LDH5 (P=0.020, P<0.001, P<0.001, and P=0.029) 
(Table 4). 

Discussion

Generally, patients with pectus excavatum are healthy, 
nearly asymptomatic, and are not known to show any 
specific laboratory findings so that laboratory study is 
considered unnecessary (1,6). However, we showed that 
pectus excavatum has various effects on the whole body, 
such as body growth and spinal scoliosis (2,12,13). In 
addition, some severe cases of pectus excavatum present 
with jaundice and right heart failure (1,5). Therefore, we 
assumed that the disease entity or compressions of internal 
organs could affect serum laboratory findings and we 
showed elevation of serum total LDH and decrease of total 
LDH after correction of the deformity (6). In our previous 
study, we hypothesized that total LDH elevation before 
correction could be due to a combination of disease entity 
(musculoskeletal disorder) and compression of internal 
organs and that total LDH decrease after correction can 
be due to alleviation of internal organ compressions (6). 
However, studies on LDH isoenzyme patterns were needed 
to verify this hypothesis. In the present study, we performed 
an LDH isoenzyme study in patients with pectus excavatum 
in order to investigate possible causes. To the best of our 
knowledge, this study is the first to undertake an LDH and 
its isoenzymes study in patients with pectus excavatum. 

This study had four findings. The first, like our previous 
study, showed that total LDH was significantly higher 
than the normal limit pre-correctively and decreased to 
the normal value post-correctively. Some studies have 
reported that total LDH is elevated in certain thoracic 
conditions, such as myocardial infarction, heart failure, 
and pneumonia (7,8,10). Total LDH can also be elevated 
in pectus excavatum by our above-mentioned hypothesis. 
In addition, multivariate analysis showed that value of 
total LDH was associated with age at the time of surgery 
and severity, which also showed that total LDH elevation 
was associated with pectus excavatum. The second finding 
was that LDH isoenzyme pattern was different from the 
normal one. The proportion of LDH5 was significantly 
higher than LDH4 in patients with pectus excavatum while 
LDH isoenzymes in the normal population was ordered as 
follows: LDH2 > LDH1 > LDH3 > LDH4 > LDH5 (8). As 
flipping of LDH isoenzyme (LDH1 > LDH2) is well-known 
to be helpful in diagnosis of acute myocardial infarction, a 
proportion of LDH5 higher than LDH4 was found in pectus 
excavatum (9). The proportion of LDH5 higher than LDH4 
suggests that the cause of LDH elevation is associated with 
a disease of muscular origin, which also suggests that pectus 
excavatum is a muscular disease entity (3). However, other 
enzymes associated with muscular disease were interestingly 
within normal ranges, which were possibly assumed to be 
associated with chronicization of pectus excavatum (9). In 
addition, this finding can be associated with concomitant 
heritable disorders of connective tissue in pectus excavatum 
(3,14). The third finding was that the proportion of only 
LDH5 was significantly positively correlated with severity 
and the proportion of only LDH5 was significantly 
higher in the severe group. This finding also shows that 
patients with pectus excavatum have a muscular disorder. 
However, there was no association between total LDH and 

Table 4 Post-corrective changes of total LDH activity and its isoenzyme patterns

LDH and its isoenzymes (IU/L) Pre-correction, mean ± SD Post-correction, mean ± SD P

Total 404.2±80.8 369.2±79.3 <0.001

LDH1 106.7±25.5 100.3±24.0 0.020

LDH2 124.8±27.8 113.9±25.8 <0.001

LDH3 85.7±20.3 76.9±19.8 <0.001

LDH4 36.0±14.3 31.5±13.2 0.029

LDH5 52.8±15.0 49.6±18.5 0.256

LDH, lactate dehydrogenase.
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other isoenzymes (LDH1–LDH4) and severity of pectus 
excavatum. One of the causes was considered to be a lack 
of methods to fully describe the degree of internal organ 
compression (11,15). If exact degree of compression on 
each organ could be evaluated, the association between 
LDH and its isoenzymes and severity of pectus excavatum 
could be presented. The fourth finding was that there 
were no significant changes in patterns of LDH isoenzyme 
(proportion of each isoenzyme) after correction and there 
were significant decreases in values of LDH1–LDH4, 
except LDH5. These findings suggest alleviation of internal 
organ compression, which provided the LDH1–LDH4 
decrease, and that the disease entity itself did not change 
after correction. 

This study has a few limitations. Firstly, it was 
retrospective with a small sample size conducted at a 
single center. Larger scale and multi-institutional studies 
are required to verify these findings. Secondly, although 
severity of pectus excavatum is considered to be associated 
with LDH activity or its isoenzyme pattern, we could not 
show the correlation of severity with LDH activity and its 
isoenzyme pattern. We assume that one of the causes is that 
because no methods or tools exist to fully describe chest 
wall or internal organ compression (11,15). These methods 
are needed to fully describe the pectus excavatum. 

Conclusions

In summary, we showed that pectus excavatum was 
associated with total LDH activity and its isoenzyme 
patterns. This study showed that pectus excavatum is a 
muscular disease entity and that laboratory findings are also 
associated with compression of internal organs, which was 
explained by post-corrective changes in LDH activity and 
isoenzyme pattern. This study will provide a deeper and 
wider comprehension of pectus excavatum (3).
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