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Effectiveness of Lactate Dehydrogenase to Albumin Ratio in the Diagnosis
of Pulmonary Thromboembolism
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ABSTRACT

Objective: The aim of the study is to inspect effectiveness of lactate dehydrogenase (LDH) to albumin ratio (LAR) in patients with pulmonary
thromboembolism (PTE).

Method: A total of 307 patients who admitted to emergency unit, between January 2017 and March 2020, with chest pain and sudden onset
of dyspnea were enrolled in this single- center and retrospective study. Computed tomography pulmonary angiogram (CTPA) was performed
to confirm pulmonary embolism.

Results: LAR, neutrophil, monocyte, D-dimer, LDH values were significantly higher and albumin values were significantly lower in patients with
pulmonary embolism compared to those without. Average age of 307 participants were 68.93 years. While 140 patients had confirmed PTE
and 167 were without PTE. Linear regression analysis for LAR in the diagnosis of PTE, revealed a correlation coefficient as r=0.320 (p<0.001).
Positive and negative predictive values for LAR in the diagnosisi of PTE were, 63.3% and 75.2%, respectively. In ROC analysis relation of LAR
to PTE was found to be stronger than LDH and albumin alone.

Conclusion: LAR, which is a very simple and available test, may be used as a novel parameter in the diagnosis of PTE.
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Amag: Bu ¢calismanin amaci laktat dehidrojenaz albumin oraninin (LAR) pulmoner tromboemboli (PTE) tanisindaki etkinligini incelemektir.
Yéntem: Bu tek merkezli, retrospektif calismada, Ocak 2017 ile Mart 2020 tarihleri arasinda acil servise gégis agrisi ve ani gelisen dispne
nedeniyle basvuran ve PTE siiphesi ile PBTA yapilmis olan 307 hasta incelendi.

Bulgular: PTE saptanan hastalarda, PTE saptanmayan hastalarla kiyaslandiginda; LAR, nétrofil ve monosit sayimlari, d-dimer ve LDH
degerleri anlamli olarak yiiksek bulunurken, albumin degerleri anlamli olarak daha diisiik bulundu. Katilimcilarin ortalama yasi 68,93 olarak
bulundu; 140 hastada PTE saptanirken 167'sinde PTE saptanmadi. LAR ile PTE arasindaki lineer regresyon analizinde korrelasyon katsayisi
r=0,320. LAR igin pozitif prediktif deder %63,3, negatif prediktif deger %75,2 olarak bulundu. Receiver operator characteristics (ROC) egrisi
incelemesinde LAR ile PTE arasindaki iliski, tek basina LDH veya albumin testlerinden daha gliglii bulunmustur.

Sonug: Basit ve her yerde yapilabilir bir test olarak LAR, PTE tanisinda yeni bir parametre olarak kullanilabilir.

Anahtar kelimeler: albumin, laktat dehidrojenaz, laktat dehidrojenaz albumin orani, pulmoner tromboembolizm
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INTRODUCTION

Pulmonary thromboembolism (PTE) presents with
sudden chest pain and shortness of breath usually
caused by an underlying aggravating condition and
obstruction of pulmonary arterial blood flow due to
thrombus, tumor, fat or air . It is the third most
common reason of death in hospitalized patients 2.

After onset of PTE, inflammatory cells accumulate in
arterial walls and in a few hours, inflammation
exaggerates and peaks in two days ©®. Lactate
dehydrogenase (LDH) and albumin levels are basic
and inexpensive tests reflecting inflammation.
Albumin is a negative acute phase reactant, and its
levels decrease in inflammatory conditions.
Hypoalbuminemia will resultin loss of antithrombotic
proteins through renal glomeruli which will increase
the risk of venous thromboembolism @, A study with
general population revealed that hypoalbuminemia
causes an increase in the risk of venous
thromboembolism ). Hypoxic and ischemic
conditions will cause cellular injury and trigger an
increase in LDH ©),

Although both LDH and albumin are known
inflammatory markers, there are few studies about
ratio of LDH to albumin (LAR) as an inflammatory
marker. LAR previously was reported as a prognostic
indicator of survival in patients having esophagus,
hepatocellular and pancreas cancers 79, Also, in
patients in intensive care unit, LAR was associated
with multiple organ failures and 30-day mortality
rates 9, LAR in diagnosis and predicting prognosis of
PTE has not been previously evaluated.

Computed tomography pulmonary angiogram (CTPA)
is an effective diagnostic procedure in diagnosis of
PTE, but it may be performed in major health
institutes and requires radiology specialist for
evaluation. High cost of procedure, necessity of
patient cooperation are disadvantages and also
patient must have normal renal functions before
procedure. Cheap, simple and practical tests are still
required for the diagnosis of PTE. Therefore, LAR
may be a novel and simple marker in PTE. In this
study, we aimed to investigate the effectiveness of
LAR in the diagnosis of PTE.
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METHOD

This study was conducted retrospectively as single
center in a university hospital. Between January 2017
and March 2020, 307 patients who admitted to
emergency unit with chest pain and sudden onset of
dyspnea complaints and in whom CTPA were
performed with the suspicion of pulmonary embolism
were enrolled in the study. A hundred and forty
patients (46%) in whom CTPA revealed
thromboembolism were enrolled in the study group
and 167 (54%) patients in whom CTPA reported to be
normal were accepted as the control group. Patients
below 18 years of age and patients whose laboratory
test results could not be obtained completely were
excluded. This study was approved by the local ethics
committee (Approval no: 2020014). Informed written
consent was obtained from all of the patients
participated in the study.

Demographic information, laboratory findings,
echocardiography and CTPA images of patients were
retrieved from hospital data processing and
information services. Whole blood counts
(neutrophil, lymphocyte, monocyte counts), mean
corpuscular volume (MCV), mean platelet volume
(MPV), red cell diameter width (RDW), LDH, D-dimer,
albumin and uric acid levels were recorded.

Whole blood count tests were analyzed in Sysmex
XN-1000 (USA) hematology analyzer. Albumin, LDH,
d-dimer and uric acid tests were analyzed in Roche
Hitachi Cobas 501 (Switzerland) analyzer. Thorax
tomography was performed by Siemens Emotion 16
Scanner (Siemens Healthineers; Erlangen, Germany,
2010) using the following parameters: 110 kV, 258
mA, slice thickness of 1,5 mm. All scans were
performed without intravenous contrast with the
patient in the supine position during end-inspiration.
Tomography images were evaluated by a 15 years
experienced radiologist. Echocardiographies were
examined by a 17 years experienced radiologist and
pulmonary artery pressures (PAP) were noted.

CTPA was performed in patients who had complaints
of dyspnea and chest pain and patients who had
thrombus in pulmonary arterial system were
diagnosed as PTE.
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SPSS for Windows 25.0 statistical software package
(SPSS Inc., Chicago, IL, USA) was used for statistical
analysis of the data. All parameters were given as the
mean = standard deviation and p value <0.05 was
considered statistically significant. Data distribution
were evaluated by Shapiro-Wilk test. Comparison
between groups were evaluated by independent
t-test and Mann-Whitney U test if t-test was not
applicable. In the receiver operator characteristics
curve (ROC), the area under the curve (AUC) was
used to determine diagnostic cut-off values for LDH/
albumin ratio in  predicting pulmonary
thromboembolism.

RESULTS

Neutrophil, monocyte, D-dimer, LDH values were
significantly higher and albumin values were
significantly lower in patients with pulmonary
embolism compared to those without. LDH/albumin
ratio was higher in patients with pulmonary
embolism. Pulmonary artery pressures in
echocardiographies were higher in pulmonary
embolism group. Demographic information and
laboratory values of patients enrolled in study are
shown in Table 1.

A total of 307 patients were enrolled in the study
including 119 (%38.8) male and 188 (%61.2) female
participants. Mean age of the participants were
68.93£14.31 years. Mean ages of the male, and
female  participants were 67.77t14.45, and
69.67+14.21 years, respectively.

In order to determine the effectiveness of LDH, albumin
and LDH/albumin ratios to predict pulmonary embolism,
ROC curve analysis was done and LDH/albumin ratio was
found to be the best effective test. ROC curve analysis is
shown in Figure 1. Area under the curve (AUC) values for
LDH/albumin, LDH and albumin are shown in Table 2.
Optimal cut-off value for LDH/albumin ratio was 78.93
(72 % sensitivity, 68% specificity), as shown in Figure 1.
Linear regression analysis for LAR in the diagnosis of PTE,
revealed a correlation coefficient as r=0.320 (p<0.001).
Sensitivity, specificity, positive and negative predictive
values for LAR in the diagnosis of pulmonary
thromboembolism are shown in Table 3.

Table 2: Area under the curve values for LDH/albumin, LDH and
albumin.

Parameters Area under the curve p value
LDH"/albumin 0.727 (0,665-0,790) <0.001
LDH 0.713 (0.648-0.777) <0.001
Albumin 0.355 (0.288-0.423) <0.001

" Lactate dehydrogenase

Table 1: Demographic information and laboratory values of patients enrolled in the study.

Pulmonary embolism (+) Pulmonary embolism (-) (n=167) p value
(n=140)

Age (years) 68.89+13.91 69.97+14.68 0.963
Male/female 55/85 64/103 0.864
Neutrophil (x10°/L) 8.11+3.99 6.3243.22 <0.001
Lymphocyte (x10°/L) 2.27+1.57 1.96+1.43 0.078
Monocyte (x10°/L) 0.97+0.45 0.59+0.21 <0.001
MCV" (fL) 84.24+5.70 83.97+7.32 0.730
MPV! (fL) 10.14+1.02 10.21+1.08 0.582
RDW* (%) 14.56+2.37 14.87+2.51 0.279
D-dimer (nmol/L) 5008+2822 2679+2619 <0.001
Lactate dehydrogenase (U/L) 307.36+125 258.18+105 0.001
Albumin (g/dl) 3.2040.66 3.5540.63 <0.001
PABS 44.59+15.57 36.40+£12.00 <0.001
Uric acid (mg/dl) 5.98+0.58 5.83+2.00 0.770
LDH/albumin ratio 102.53+55.18 74.31+34.71 <0.001

“Mean corpuscular volume
"Mean platelet volume
*Red cell diameter width

¢ Pulmonary artery pressure
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Figure 1. Receiver operating characteristics curve analysis for test
parameters.
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LAR: Lactate dehydrogenase to albumin ratio, LDH: lactate
dehydrogenase

Table 3: Sensitivity, specificity, positive and negative predictive
values for lactate dehydrogenase to albumin ratio in the
diagnosis of pulmonary thromboembolism.

Value | 95% Confidence interval
Sensitivity 71.7% 62.4-79.7%
Specificity 67.4% 59.1-74.9%
Positive predictive value 63.3% 57.0-69.1%
Negative predictive valur | 75.2% 68.9-80.6%
Disease prevalance 43.4% 37.8-50.3%
DISCUSSION

According to the results of this study, LAR is
significantly higher in patients with PTE compared to
those without. In ROC analysis, relation of LAR to PTE
was found to be stronger than LDH and albumin
tests alone. Also, in the PTE group, neutrophil and
monocyte counts and D-dimer levels were
significantly higher and albumin level was significantly
lower compared to the control group.

In a study reported from Sweden, 347 patients
hospitalized in intensive care unit were investigated
and LAR was found to be significantly associated
with multiorgan failure and 30-day mortality #°. A
study from China with 139 pancreas cancer patients
who did not undergo surgical intervention reported
that patients having higher LAR had shorter survival
times. The reason for increased LAR was explained
with higher LDH levels due to tissue injury related to
tumor and higher metabolic turnover in tumoral
tissue, and lower albumin levels, since albumin has
an antioxidant and protective properties ©.
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Inflammation, hypercoagulation and endothelial
injury are main reasons for thromboembolism ®%.
Thromboembolism directly caused by inflammation
was also reported before 2, LDH can be found in
every type of cells and will naturally increase in any
ischemic and oxidative condition causing cell injury
®), LDH was reported to be associated with mortality
in PTE 3, Hypoalbuminemia was associated with
inflammation ®4., In a study from USA with 15300
people, authors reported increased rates of
thromboembolism in cases with hypoalbuminemia
®). Similarly, in a study on 552 patients with PTE
hypoalbuminemia was found to be associated with
severity of PTE %, There are several reasons for this
association. Albumin suppressesfibrin polymerization
and platelet aggregation (. Albumin promotes
effects of antithrombin Il with its heparin-like effect
17 In a study with 7266 patients, it was reported
that hypoalbuminemia aggravated inflammation and
inflammation aggravated thromboembolism 8
Increase in LDH and decrease in albumin levels were
separately associated with PTE, but this present
study evaluates combined effects of both by LAR for
the first time.

A study reported increased leukocyte counts % and
another study reported higher monocyte and
leukocyte counts in patients who died within one
month after onset of PTE, compared to survived
patients @%. Similarly, in this study; neutrophil and
monocyte counts were significantly higher in patients
with PTE compared to the control group.

It is known that D-dimer levels are increased in
patients with PTE and low D-dimer levels rule out
diagnosis of PTE Y, The results of this study shows
that D-dimer levels were higher in patients with PTE
compared to those without.

Pulmonary artery pressure is a reliable indicator of
right ventricular dysfunction developed in PTE which
is associated with severity of PTE ??. This study also
reports higher PAP values in patients with PTE.

This study has some limitations. Before all, it is a
retrospective study that relied on recorded data,
thus only data from patients, in whom all study
parameters could be obtained completely, were
used. Since mortality rate of PTE was low in
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hospitalization period, prognostic evaluation could
not be made in these patients.

In conclusion; according to the results of this study,
LAR may be used as a novel diagnostic parameter in
PTE. LAR, calculated from very simple and available
parameters such as LDH and albumin, may be helpful
in the diagnosis of PTE. Further studies with greater
number of participants are required for evaluation of
LAR. Association of LAR with severity of PTE should
be investigated in prospective studies with
randomized controlled trial setup.
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