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Abstract

Background: Lactate level is known to increase among the majority of patients with toxicity. This study aimed to determine
whether lactate level upon admission is higher among patients with ventilator-associated pneumonia (VAP).
Objectives: We aimed to determine whether serum lactate level is associated with the increased risk of VAP in intensive care unit
(ICU)-admitted patients with toxicity.
Methods: This retrospective study was conducted in a training medical poisoning center in Iran, using convenience sampling. A
total of 157 poisoned patients, aged≥ 13 years, who were admitted to the ICU over the past seven months, were included in the study.
Subjects were categorized into two groups, based on their VAP diagnosis (VAP-positive and non-VAP) and the outcomes (surviving
or non-surviving). The VAP-positive patients were compared with others with regard to the mean level of serum lactate level upon
admission. Additionally, non-surviving patients were compared with their surviving counterparts.
Results: Overall, 71 (45.2 %) VAS-positive cases were reported, in addition to 36 cases of mortality. Alkaline phosphatase (ALP) was the
most common toxic agent (36%), followed by methanol. Significant differences were noted between the groups in terms of Simpli-
fied Acute Physiology Score-II (SAPS-II), Glasgow Coma Scale (GCS) score, length of ICU stay, and percentage of ventilation process.
The mean levels of lactate at admission were 3.71 ± 3.35 and 4.19 ± 4.09 among VAP-positive and non-VAP patients, respectively; the
difference was not statistically significant. Also, non-surviving patients had a longer ICU stay (12.20 days), compared to surviving
patients (5.39) (P = 0.008). Moreover, admission lactate level was 7.06 ± 5.29 mmol/L among non-surviving patients and 3.01 ± 2.53
among surviving cases (P < 0.001).
Conclusions: Based on the findings, the mortality rate was 22.9% among poisoned patients with an elevated serum lactate level. We
can conclude that mortality is associated with toxicants, but not the occurrence of VAP; in fact, VAP scenarios do not elevate serum
lactate level.

Keywords: VAP, ICU, Lactate, Poisoning

1. Introduction

Lactate is generated by most tissues in the human
body, with the maximum level of production found in
muscles (1). Lactate is produced by Krebs and Cori cycles
under aerobic and anaerobic conditions, respectively (2).
Although lactate is quickly eliminated by the liver and kid-
neys under normal conditions, it can be elevated for var-
ious reasons (3). Generally, enhanced lactate level may
be due to increased production, decreased clearance, or a
combination of both.

The contributing factors for enhanced lactate level in-
clude hypoperfusion due to macro/micro circulatory dys-
function, mitochondrial dysfunction (potential absence
of key enzymatic cofactors), and presence of a hyperme-
tabolic state (4-6). In general, elevated lactate level is not

universally clarified. The majority of conducted studies
consider a cut-off range of 2.0 - 2.5 mmol/L, while in a num-
ber of studies, high lactate level has been described as > 4
mmol/L (7-10).

Lactate level is commonly assessed in the context of
shock evaluation. The clinical prognostic role of serum lac-
tate was suggested in 1964 by Broder and Weil as a risk pre-
diction factor of ventilator-associated pneumonia (VAP)
(11). VAP is a nosocomial pneumonia, which develops after
48 hours of mechanical ventilation. Based on the national
healthcare safety agenda, VAP had an incidence of 0.0 - 4.4
per 1000 ventilator days in 2012, depending on the patient
care location (12). Also, the excess cost associated with VAP
was estimated at approximately 40,000 dollars per patient
(13).
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According to the infectious diseases society of America
(IDSA), VAP negatively impacts patient outcomes. Based on
two recent studies, VAP prolongs the process of mechani-
cal ventilation by 7.6 to 11.5 days and extends hospitaliza-
tion by 11.5 to 13.1 days, compared to cases with no VAP (12,
14, 15). In addition, all-cause mortality, associated with VAP,
has been reported to range from 20% to 50% (16).

Classic clinical signs of VAP include fever, leukocytosis,
purulent secretions, worsening oxygenation, infiltrates,
and pathogenic cultures; these signs are neither sensitive
nor specific (17). Laboratory tests and markers have been
also suggested to promote the risk management of VAP.
Procalcitonin, clinical pulmonary infection score, lung
biopsy, C-reactive protein (CRP), and soluble triggering re-
ceptors expressed on myeloid cells-1 (sTREM-1), have been
all suggested to have diagnostic values for VAP (18-21).

Despite the large number of studies on VAP, no re-
search has focused on the efficacy of serum lactate level at
admission in the prognosis of VAP occurrence and its sub-
sequent outcomes. Accordingly, in this study, we aimed to
explore the association between serum lactate level upon
admission and subsequent development and mortality of
VAP among patients in a toxicological intensive care unit
(ICU).

2. Methods

2.1. Study Design and Sample Collection

The present retrospective, cross-sectional study was
conducted among poisoned ICU-admitted patients with
VAP diagnosis during seven months in 2015. The non-
probability sampling method (convenience sampling) was
used to recruit the subjects (power of 80%). All poisoned
patients (aged 13-84 years), who were admitted to the ICU
of Loghman-Hakim hospital (Tehran, Iran) and were evalu-
ated in terms of lactate level, were considered eligible for
the study. The inclusion criteria were as follows: 1) age of ≥
13 years; 2) measurement of serum lactate level; and 3) hos-
pitalization for poisoning. On the other hand, patients, in
whom the lactate level was not assessed or were diagnosed
with sepsis, were excluded from the study. The study was
approved by the ethics committee of Shahid Beheshti Uni-
versity of Medical Sciences, Tehran, Iran (95.04.16-117).

Loghman-Hakim educational hospital was con-
structed in 1971. This hospital is specialized in the
management of patients suffering from chemical and
drug intoxications; as a result, it is a unique referral cen-
ter for poisoning cases. The specialized services of this
hospital were promoted, following the quantitative and
qualitative physical developments in the hospital area. So
far, the hospital consists of 20 sections with 15,000 - 25,000

visits annually. This educational hospital is affiliated to
Shahid Beheshti University of Medical Sciences. With 420
licensed and 362 active beds, Loghman-Hakim Educational
Hospital is ranked first in all hospital evaluations.

Lactate analysis was performed, using 0.5 mL of the
plasma sample and Biorex diagnostic reagents, according
to the manufacturer’s instructions at the time of admis-
sion. Other evaluated covariates consisted of the patient’s
age, gender, application of mechanical ventilation, acute
physiology score-II (SAPS-II), Glasgow coma scale (GCS)
score, toxicant agent (aluminum phosphide, methanol,
opium, amphetamine, MDT, benzodiazepine, anticonvul-
sants, and tramadol), pH, and length of ICU stay.

VAP diagnosis was based on new or progressive chest
radiography infiltrations with at least two of the follow-
ing criteria: 1) fever (body temperature ≥ 38°C) or hy-
pothermia (< 36°C); 2) leukocytosis (> 12 × 109/L leuko-
cytes) or leukopenia (< 3.5 × 109/L); and 3) purulent res-
piratory secretions. Microbiological confirmation was re-
quired in all patients, i.e., positive bronchoalveolar lavage
≥ 104 colony-forming units (cfu)/mL or positive tracheal
aspirate ≥ 105 cfu/mL (13, 22).

As mentioned in the criteria, the clinical and paraclini-
cal findings were as follows: 1) Mechanical ventilation for at
least 48 hours; 2) radiographic changes (new infiltration or
extended radiographic findings), leukocytosis, or leukope-
nia; 3) pathognomonic signs of isolated microorganisms
from the specimen culture (tracheal-blood-urine); 4) fever;
and 5) increased tracheal secretion. Three outcomes were
followed-up and recorded among VAP-positive patients, in-
cluding in-hospital mortality, vegetative state, and recov-
ery. All the measurements were performed by a trained
general physician.

2.2. Statistical Analysis

Descriptive statistics, including number and percent-
age, were calculated for categorical variables, while mean
(± SD) values were measured for the continuous ones. VAP-
positive cases were compared to non-VAP patients with
respect to the mean level of lactate and other covariates
at admission. A similar comparison was performed be-
tween surviving and non-surviving patients. Comparisons
were made, using t-test and Chi-square test. We explored
the normality assumption both graphically and numeri-
cally. Kolmogorov-Smirnov or Shapiro-Wilk test indicated
non-parametric distribution of all variables, except SAPS-
II scores. However, as the sample size for each group was
greater than 30, based on the central limit theorem of the
statistics, we applied parametric analytical methods. Sta-
tistical analysis was performed, using SPSS version 20.1.
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3. Results

A total of 157 patients were included in the final analy-
sis. The mean age of the samples was 36.75 ± 16.21 years.
Males were dominant in the study sample (73.09 %). Al-
most half of the participants had undergone mechanical
ventilation. Overall, 71 (45.2 %) cases of VAP, as well as 36
cases of mortality, were reported. Alkaline phosphatase
(ALP) was the most common toxic agent (36%), followed
by methanol. Demographic and baseline characteristics of
the study population are presented in Table 1.

Table 2 demonstrates the comparison between VAP-
positive and non-VAP patients. There was no significant dif-
ference between the groups with respect to age or gender.
However, significant differences were noted between the
groups regarding SAPS-II and GCS scores, length of ICU stay,
and percentage of ventilation. The mean levels of lactate
at admission were 3.71 ± 3.35 and 4.19 ± 4.09 among VAP-
positive and non-VAP patients, respectively; however, the
difference was not statistically significant.

Based on the findings, the mean age of non-surviving
patients was higher than surviving patients (43.11 vs. 34.61)
(P = 0.028). Also, non-surviving cases had a longer ICU stay
(12.20 days), compared to survivors (5.39) (P = 0.008). In
addition, admission lactate level was 7.06 ± 5.29 mmol/L
among non-surviving cases and 3.01± 2.53 mmol/L among
surviving patients (P < 0.001); in fact, non-surviving pa-
tients had deteriorated clinical conditions (Table 3).

4. Discussion

In this study on hospitalized poisoned patients,
we demonstrated that a single measurement of arte-
rial/venous lactate level can provide prognostic informa-
tion about the increased risk of mortality. To the best of
our knowledge, this study is the first research to evaluate
the relationship between lactate level at admission and
VAP occurrence. Previous studies on prognostic applica-
tion of lactate level have assessed ICU patients. In this
regard, Broder and Weil, who were the first researchers
suggesting the risk stratification of serum lactate level,
studied 56 cases in shock from a variety of patients and
discovered a mortality rate of 89% for lactate level > 4
mmol/L (11).

In this study, a higher admission lactate level was seen
in non-surviving patients (P < 0.001), with a mortality rate
of 22.90%. This finding indicates that the measurment of
lactate biomarker could be helpful in recognizing the mor-
tality rate among ICU patients. This association has been
confirmed in various studies. In this regard, Aduen et al.
also found that lactate level was significantly higher in
non-survivors, regardless of blood pressure (23). Similarly,

Vincent et al. (24), Bakker et al. (25), Falk et al. (26), and
many other researchers found the same significant results
in patients with septic shock.

Moreover, Shapiro et al. (lactate level > 4; 28.4%) (9) and
Howell et al. (lactate level > 4; 14%) (7) discovered that lac-
tate level could correctly determine patients with respect
to mortality. The present study indicated that mortality
due to high lactate level occurred due to toxicants, but not
VAS. Generally, assessment of lactate clearance through se-
rial evaluations has been revealed to be a practical predic-
tor of morbidity and mortality. Also, serial lactate measure-
ments may be useful in documenting treatment reactions
to various therapeutic interventions (27).

In this study, ALP was more commonly observed
among other toxicants; in fact, these patients had a signif-
icant enhanced lactate level (lactate > 4 mmol/L; n = 38,
24 %). According to a study by Mehrpour et al. arrested
oxidative phosphorylation and poor tissue perfusion may
lead to lactic acidosis in aluminium phosphide poisoning
(28-30). On the other hand, methanol was the second ram-
pant toxicant among patients in the present study. Also, al-
cohols (propylene glycol and methanol) have been impli-
cated in enhanced lactate level, and lactate can be falsely
increased in such cases (30-34).

Although other researchers have focused on patients,
specifically with septic shock and trauma, we focused on
157 poisoned ICU-admitted patients with the development
of VAP after 48 hours of mechanical ventilation. VAP may
occur in 28% of patients who receive mechanical ventila-
tion, and its incidence enhances with ventilator days (35).
The prevalence of VAP was 45.22% in the present study. It
should be noted that this survey was performed in winter
and spring, which might be the reason for the high preva-
lence of VAP, compared to the study by Aziz Japoni in Shiraz,
Iran (10.2%, n = 42) (36).

Generally, a higher rate of VAP has been reported in
Iran (29, 37-40). Notably, similar rates have been revealed
in Latin America, Asia, Africa, and the United States (41,
42). The pathogenic mechanism of VAP is mainly applied
through aspiration of secretion with bacteria, colonizing
the upper respiratory tract and passing into the lower res-
piratory tract via leakage between the tracheal wall and the
cuff of the endotracheal tube. Therefore, development of
strategies to decrease the incidence of nosocomial infec-
tions could be more cost-effective and warranted.

In this study, VAP was associated with a high mortal-
ity rate, while only a few predisposing risk factors could
be modified. Based on the current survey, VAP-positive
cases had a lower lactate level compared to non-VAP pa-
tients, and no significant correlation was observed. There-
fore, VAP incidence might be a result of infection, and
the reported mortality rate could be attributed to toxicity.
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Table 1. Demographic and Baseline Characteristics of the Study Population

Characteristics Valuesa

Age, y 36.75 ± 16.21

Range 13 - 84

Median 32

IQR 19

SAPS-II score 33.13 ± 32.00

Range 14 - 59

Median 32

IQR 15

GCS score 10.26 ± 3.87

Range 3 - 15

Median 11

IQR 7

pH 7.28 ± 0.11

Range 6.87 - 7.61

Median 7.30

IQR 0.13

Length of ICU stay 7.01 ± 8.31

Range 1 - 51

Median 5

IQR 7

Admission lactate level, mmol/L 3.95 ± 3.76

Range 0.30 - 17.30

Median 2.30

IQR 3.95

Male 116 (73.09)

Mechanical ventilation 86 (54.80)

VAP 71 (45.20)

Total mortality 36 (22.90 )

Toxicant

ALP 58 (36)

Methanol 15 (9)

Opium 12 (7)

Amphetamine 11(7)

MDT 10 (6)

BZD 8 (5.1)

Anticonvulsant 7 (4)

Tramadol 7 (4)

Others (Op, Co, cardiovascular drugs,
antidepressants, and alcohol)

29 (18.47)

aValues are expressed as mean ± SD or No. (%).

Table 2. Comparison of VAP-Positive and Non-VAP Patients with Respect to Clinical
Parametersa

Characteristics VAP (N = 71) Non-VAP (N = 86) P Value

Age, ye 37.88 ± 17.65 35.65 ± 14.96 0.395

SAPS II score 35.11 ± 9.09 30.96 ± 10.56 0.024

GCS score 9.30 ± 3.60 11.11 ± 3.90 0.003

pH 7.28 ± 0.11 7.27 ± 0.10 0.148

Length of ICU stay, d 11.09 ± 10.28 3.29 ± 2.84 < 0.001

Admission lactate level,
mmol/L

3.71 ± 3.35 4.19 ± 4.09 0.430

Male 53 (46.10) 62 (53.90) 0.856

Mechanical ventilation 50 (58.80) 35 (41.20) < 0.001

Mortality 17 (47.20) 19 (52.80) 0.629

aValues are expressed as mean ± SD or No. (%).

Table 3. Comparison of Surviving and Non-Surviving Patients with Respect to Clini-
cal Parametersa

Characteristics Non-Surviving (N
= 36)

Surviving (N =
120)

P Value

Age, y 43.11 ± 21.04 34.61 ± 13.81 0.028

SAPS II score 40.76 ± 6.41 31.48 ± 9.91 < 0.001

GCS score 9.52 ± 3.77 10.49 ± 3.90 0.192

pH 7.23 ± 0.13 7.29 ± 0.10 0.003

ICU stay, d 12.20 ± 12.68 5.39 ± 4.82 0.008

Admission
lactate level,
mmol/L

7.06 ± 5.29 3.01 ± 2.53 < 0.001

Male 26 (22.60) 89 (77.39) 0.875

Mechanical
ventilation

17 (19.76) 69 (80.23) 0.292

aValues are expressed as mean ± SD or No. (%).

Among ICU-admitted patients, a significant relationship
was seen between the occurrence of VAP and GCS score,
SAPS-II score, and length of ICU stay. These findings were
notably similar to studies by Six et al. Froon et al. and
Behnia et al. (43-45).

The limitations of this study were the retrospective
design and implementation at a unique referral center.
Therefore, further prospective, multicenter studies are re-
quired to confirm the findings.

Based on the findings, the mortality rate was 22.9%
among poisoned patients with an elevated serum lactate
level. We can conclude that mortality was caused by toxi-
cants, but not the occurrence of VAP; in fact, VAP scenarios
did not elevate the serum lactate level.
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