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Objective: The optimal endpoints of resuscitation in high-risk surgical patients remain
controversial. Specifically, it is difficult to establish the effective predictive markers as the endpoints
of resuscitation in this patient group. Therefore, the study was conducted to assess the predictive

value of early lactate non-clearance condition on hospital mortality in high-risk surgical patients.

Materials and Methods: The study is a prospective analytic study. The data was collected
in one university-based surgical intensive care unit (SICU) over a 5-month period. All consecutive
adult high-risk surgical patients admitted to SICU in postoperative period were recruited to the
study. Blood lactate levels were measured on SICU admission (0-hour), 12 hours later, and then
calculated for 12-hour blood lactate clearance. The authors categorized the patients into two
groups: lactate clearance (LC) and lactate non-clearance (LNC). After that, the patients were

monitored until hospital discharge or in-hospital death.

Results: 122 high-risk surgical patients were recruited to the study. The most common
indication for SICU admission was extensive ablative surgery for carcinoma. As concerns the factors
of interest, higher incidences of suspected or confirmed infection and mechanical ventilation were
found among the LNC group. Regarding the main outcomes, hospital mortality was 5.3% among
the LNC group and 3.9% among the LC group (p = 0.578), with no statistical significant differences
in hospital mortality, hospital length of stay and SICU length of stay. The independent risk factors
associated with LNC condition were considered. The factor of interest was suspected or confirmed
infection by multiple logistic regression analysis after adjustment for age and sex revealed that the

adjusted odds ratio was 2.70 with a 95% confidence interval of 0.85-8.55, p = 0.092.

Conclusion: 12-hour LNC in high-risk surgical patients cannot demonstrate the prognostic
value for hospital morbidity and mortality. However, there is a trend for the suspected or confirmed

infection group to associate with the LNC condition but with no statistical significance.

Field of Study: Health Development Student's Signature
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CHAPTER |

Introduction

1.1 Background and Rationale

Resuscitation which has been guided by the use of hemodynamic protocol
aiming for adequate tissue perfusion in the high-risk surgical patients can be proved to
decrease postoperative morbidity and mortality Y, however, the optimal endpoints of
resuscitation remain controversial.

By using the ideal marker to reassure adequacy of resuscitation, it should be
reliable to assess resolution of tissue ischemia and predict patient outcomes. In
addition, this important information such as blood lactate level should be provided
into time sequence to reevaluate the efficacy of early resuscitation and prevent

prolonged organ ischemia ‘%%

In the past, we usually tried to normalize vital signs,
especially blood pressure and heart rate, as the endpoints of resuscitation although
these endpoints had not been proved to be effective markers for adequate tissue

perfusion @

. Beyond that, there were many efforts trying to search for the surrogates
that could postulate the adequate resuscitation. Some studies represented blood
lactate levels as reliable prognostic markers in severe sepsis or septic shock, whenever
the oxygen supply was insufficient to normalize tissue oxygenation then blood lactate
levels would rise up © ¢

After glycolysis and anaerobic metabolism, the byproduct is lactate (. The

glucose metabolism starts with glycolysis, finally the by-product is pyruvate. Pyruvate

can cooperate with several metabolic pathways. Usually, pyruvate cross into
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mitochondria and get along with tricarboxylic acid pathway and produce adenosine
triphosphate (ATP). Pyruvate can be converted into lactate catalyzed by lactate
dehydrogenase. The lactate production, in majority, is conducted during hypoxic
conditions. In some unusual situations, lactate level could be risen up in non-hypoxic
conditions such as pyruvate dehydrogenase deficiency and stress induced
hyperglycolysis. The blood lactate levels reflect the balance between production and
clearance. While hyperlactatemia informs the increasing risk of death in critically ill
patients ®12 but it still could not inform the specific prognostic for individual patients
(13)

. Nevertheless, in early phase of resuscitation, the capability of lactate clearance

represents a strong predictor of decreasing morbidity and mortality in severe sepsis or

14-18) 19, 20)

septic shock patients and critically ill patients :
There were some retrospective studies reported that within the early phase of
surgical intensive care unit (SICU) admission, normalization of blood lactate level in this

21,22 still, there is a need for establishing

period associated with decreasing mortality
the effective and practical predictive markers for high-risk surgical patients, then the
study is undertaken to assess the predictive value of early lactate non-clearance on

hospital mortality in this patients group.
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CHAPTER Il

Literature reviews

2.1 Review of the Related Literatures

The literatures were searched through PubMed database using the keywords
[“lactate clearance” AND resuscitation] in both MeSH Term and All Fields then were
found 37 articles. There were 6 articles related to my interest. After that | scoped in
keywords as [“high risk surgical patients” AND lactate] and found additional 2 relevant
articles from 7 articles. This searching method was done again in Scopus database, and

the relevant articles were the same.

The surgical patients whom have limited cardiopulmonary reserve or have life-
threatening conditions are categorized to be the high-risk surgical patients. In the post-
operative period, these patients usually admit to SICU for optimum care, but
occasionally have cardiovascular instability including occult tissue hypoperfusion. This
problem can lead to organ ischemia and finally increasing morbidity and mortality, thus
need for early detection and early adequate resuscitation. The standard hemodynamic
monitoring aims to normalize macrocirculation that could not be the optimum end
point of resuscitation @, Trying to detect tissue hypoperfusion in the early phase is now
cornerstone of hemodynamic monitoring. With the character of practicability and cost-
effectiveness, blood lactate level as a surrogate of tissue hypoperfusion has been

8-10)

selected as one of the endpoints of resuscitation ( Further information suggested

that sequential blood lactate assessment strongly relates to predictive value for

morbidity and mortality @ 1121418
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For the first demonstration of lactate existence in 1843, Joseph Scherer ??

reported the identification of blood lactate in shock patients who died from
postpartum infections. After that, there were plentiful studies that showed the
prognostic value of lactate levels or lactate clearance capacity for clinical outcomes.
McNelis J, et al ? demonstrated the prognostic value of lactate clearance in surgical
intensive care unit (SICU), when the lactate clearance capacity decreased then the
mortality would increase. Husian FA, et al ‘?? conducted the study in SICU and
demonstrated the elevated initial and 24-hour lactate levels were associated with
increased mortality, the time to normalize lactate levels might be used to predict
mortality. Nevertheless, there was still no guideline for resuscitation in conjunction
with blood lactate in high-risk surgical patients. Another study in high-risk surgical

patients by Meregali A, et al ‘*V

revealed higher blood lactate levels that were
correlated with higher morbidity and mortality. However, from a suggestion of concise
systematic review by Borthwick HA, et al *? because of the overlapping blood lactate
levels in 28-day non-survivors and survivors then the specific blood lactate levels

could not inform the prognostic value for each patients. The reviewers rather suggested

to observe the normalization of serum lactate during resuscitation in ICU.

Many studies recently demonstrated serial lactate measurement or lactate
clearance in critically ill patients, and revealed that these serial measurements might
be more appropriate than the single measurement. Nguyen HB, et al '¥ conducted
the study in severe sepsis and septic shock patients, and showed the decreased
mortality associated with early lactate clearance which might suggest a recovery from
tissue hypoxia. The multicenter trial in presumed sepsis patients by Arnold RC, et al
19 demonstrated lactate non-clearance associated with higher mortality. Furthermore,

Nguyen HB et al "® composed the Surviving Sepsis Campaign (SSC) guidelines with 12-
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hour lactate clearance, and showed the improved mortality outcome. Attana P, et al

(20)

studied in cardiogenic shock patients and the result showed that 12-hour lactate

clearance less than 10% might indicate higher risk for mortality. In conclusion, recent

information suggests that sequential blood lactate assessment strongly related to

predictive value for morbidity and mortality in critically ill patients, we notwithstanding

need more data about early lactate non- clearance in association with hospital

mortality in high-risk surgical patients.

Summary of the Related Literatures

Compare lactate

levels

Author Methodology Definition Results
McNelis J SICU patients Normal lactate level; | Prolongation of lactate clearance is
(2001) Retrospective <2mmol/L on two associated with increasing mortality
n=95 repeated (<24hr, 24-48hr, 48-96hr, and no
Examine time to | measurements clearance)
lactate
normalization
Husain FA SICU patients Normal lactate level; | Initial and 24-hour lactate level
(2003) Retrospective <2mmol/L was significantly elevated in
n= 137 NONSUrVIvors versus survivors
Compare lactate (p = 0.002)
levels
Meregalli A SICU patients none The nonsurvivors had similar blood
(2004) Prospective lactate levels initially, but had
n=44 higher levels after 12 hours, after

24 hours and after 48 hours as

compared with the survivors
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Nguyen HB Sepsis patients Lactate clearance: Survivors compared with
(2004) Prospective lactate at O-hr minus | nonsurvivors had a lactate
n=111 lactate at 6-hr, clearance of 38.1 + 34.6 vs. 12.0
Compare divided by + 51.6% (p = 0.005)
percentage of lactate at 0-hr
lactate clearance
Arnold RC Sepsis, Lactate clearance: Mortality was 60% for lactate
(2009) prospective repeat lactate at 6-hr | nonclearance versus 19% for
n= 166 decrease > 10% (or lactate clearance (p < 0.001)
Compare both < 2.0 mmol/L)
mortality
Neuyen HB Sepsis Lactate clearance: The addition of lactate clearance
(2011) Prospective any decrease in to the SSC resuscitation bundle is
n=556 lactate within 12 associated with improved
Compare hours, or an initial mortality
mortality lactate < 2.0 mmol/L
Attana P Cardiogenic Lactate clearance: 12-h lactate clearance<10%: a
(2012) shock, lactate at O-hr minus | subset of patients at higher risk
prospective lactate at 12-hr, for death at short and long-term
n=51 divided by
Compare lactate at 0-hr

mortality
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CHAPTER IlI

Research methodology

3.1 Research Question
3.1.1 Primary research question
Are there any differences in hospital mortality between early lactate non-
clearance and early lactate clearance in high-risk surgical patients?
3.1.2 Secondary research question
1. What are the independent risk factors associated with hospital

mortality in high-risk surgical patients?

2. What are the independent risk factors associated with lactate non-

clearance in high-risk surgical patients?

3.2 Objectives:

3.2.1 Primary objective

To compare the hospital mortality between lactate non-clearance group and
lactate clearance group in high-risk surgical patients.

3.2.2 Secondary objectives

1. To identify the independent risk factors that associated with hospital

mortality.
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2. To identify the independent risk factors that associated with lactate non-

clearance.

3.3 Statistical hypothesis:
3.3.1 Null hypothesis

There is no different in hospital mortality between lactate non-clearance and

lactate clearance in high-risk surgical patients.

HO: pine = Hic
3.3.2 Alternative hypothesis

There is a different in hospital mortality between lactate non-clearance and

lactate clearance in high-risk surgical patients.
Ha: pine # Hic
Uine = the mortality of lactate non-clearance in high-risk surgical patients

U.c = the mortality of lactate clearance in high-risk surgical patients



3.4 Conceptual Framework
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Keywords: Lactate clearance, High-risk surgical patients, Resuscitation, SICU

3.5 Operational Definition

A. High-risk surgical patients: as defined by Shoemaker WC, et al .
1. Previous severe cardiorespiratory illness
2. Extensive ablative surgery planned for carcinoma
3. Severe multiple trauma
4. Massive acute blood loss
5. Age >70 y and evidence of limited physiological reserve of > lvital organs
6. Shock, mean arterial blood pressure <60 mm Hg, central venous pressure
<15 cm H20, and urine output <20 mL/h
7. Acute abdominal event with hemodynamic instability
8. Late-stage vascular disease involving aortic disease
B. Lactate clearance: lactate was measured on SICU admission and on 12-hour
from one drop of arterial or capillary blood samples. The admission and 12-hour
samples will be obtained from the same route. Lactate clearance is defined as the
lactate level on SICU admission (0-hour) minus the lactate level at 12-hour divide by
the lactate level on SICU admission and then multiply by 100.
[(lactate admission — lactate 12-hour) / lactate admission] x 100

(14,18, 20). the condition that the lactate level decrease

1. Lactate clearance
within the 12-hour = 10% or both 0 & 12-hour level < 2mmol/L
2. Lactate non-clearance: the condition that the lactate level decrease within

the 12-hour < 10%

3.6 Research Design

Prospective analytic study
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3.7 Research Methodology

3.7.1 Population and Sample

Target population: Postoperative, high-risk surgical patients

Study population: Eligible subjects include all consecutive high-risk surgical

patients who admitted surgical intensive care unit (SICU) postoperatively; single SICU

in university hospital

3.7.2 Patient Selection

Inclusion criteria:

Adult patients (>18 years old)

Admit to surgical intensive care unit after surgery

Informed consent will be obtained from patients if physical and mental
capacity allow, if patients could not give consent, proxy consent will be

obtained from a relative or legal representative.

Be defined as high-risk surgical patients according to the presence of >1

high-risk criteria defined by Shoemaker et al.

Exclusion criteria:

Hepatic encephalopathy
Traumatic brain injury
Epileptic seizures, shortly before or during SICU admission

Post CPR patients

3.7.3 Sample size calculation

The sample size estimation is based on the data from the similar previous study

Mortality in 12-hour lactate non-clearance = 45%
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- Mortality in 12-hour lactate clearance = 20%
According to the study and our own database have shown the approximate

ratio of 12-hour lactate clearance to non-clearance was 2:1

We set up the QL error = 0.05 & B error = 0.20

n, =n,. = [za :‘J(H’I )pq + ZB"J" Pt PA: ]:

r(p,— p, y

= 1 =ny/N1 = Neontrol / Nease = 2

- p; = Proportion of death in lactate non-clearance = 0.45

- g =1-p; =055

- p2 = Proportion of death in lactate clearance = 0.2

- gy =1-p, =038

- p=(p+rpy/(r+1) = 0.283

- g=1-p=0717

- O = chance for type | error = 0.05 (2-sided), zo o5 = 1.96

- B = chance for type Il error = 0.2, z,, = 0.842

Then the sample size in lactate non-clearance group should be 40 subjects &

in lactate clearance group should be 80 subjects

3.7.4 Research protocol

Confirm eligibility of high-risk surgical patients admitted to SICU after the

operation

Informed consent protocol
1. Informed consent will be obtained by investigation team members

2. Informed consent will be obtained in the SICU
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- If patients’ physical and mental capacity allow then informed consent will be
obtained from patients at the bedside.

- If patients could not give consent, proxy consent will be obtained from a
relative or legal representative at the conference room in the SICU.

3. The investigation team members explain the details of investigation protocol
to patients (or legal representative) with courtesy and respect

- Objective: to compare the treatment outcomes between lactate non-
clearance and early lactate clearance in high-risk surgical patients and to discover the
risk factors associated with patients’ hospital mortality

- Benefit: by follow up lactate level in the early phase of resuscitation,
responsible physicians could detect the occult tissue hypoperfusion and might adjust
for more appropriate treatment.

- Risk: patients may get minor pain, bleeding or infection at the puncture site
(finger tip). Patients will be observed for these complications and if these complications
occur, patients will get treatment immediately and without expense.

- Al potential participants will be informed that they will get the standard
treatment equally either participate or not participate to the study.

- The investigation team members and witness must be sure that patients were
not force into the study by means of threatening or decision making with a time limit
and understand the full extent of the study before get informed consent from patients.

4. Record baseline patient characteristics & laboratory results

5. Blood lactate measurement on SICU admission (0 hour) then 12 hour later

& calculate for 12-hour blood lactate clearance
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6. During the first 6-hours of SICU admission, the patients will be observed and
be intended to achieve the resuscitation goals according to the international

Surviving Sepsis Campaign guidelines 2012 %

as appropriate
1. Central venous pressure 8-12 mmHg
2. Mean arterial pressure > 65 mmHg
3. Urine output > 0.5 ml/kg/hr.
4. Central venous oxygen saturation > 70%
. Patients will be managed by senior anesthesiologist residents under the
supervision of SICU intensivists
7. All patients in the study will be recorded Sequential Organ Failure
Assessment (SOFA) score ? daily until SICU discharge
8. Follow up until hospital discharge or in-hospital death

3.7.5 Data collection
Type of data and collection time
3.7.5.1 Demographic data and baseline variables
: Be evaluated after participant is enrolled and signs the informed consent
- Age
- Sex
- Indications for SICU admission (each patient may has more than one
indication)
= Underlying diseases
- Admission SOFA score
- Admission lactate level

: These data will be evaluated by research assistance after complete data in

case record form.



26

3.7.5.2 Primary outcome variable

- Hospital mortality

. After the participants are treated according to the Sepsis Surviving Campaign
guidelines in the first 6-hour, then 12-hour lactate clearance is evaluated and the
participants are divided into two groups “lactate clearance and lactate non-clearance”

: We will follow up the participants from SICU admission until hospital discharge
or in-hospital death

: Finally, the comparison of hospital mortality in lactate non-clearance and
lactate clearance will be performed

3.7.5.3 Secondary outcome

- Independent risk factors associated with hospital mortality
- Independent risk factors associated with lactate non-clearance
Regarding to the previous studies, it is anticipated that there would be some
independent factors associated with hospital mortality and some independent factors
associated with lactate non-clearance, then these perioperative variables will be
analyze. The interesting factors or factors with P < 0.20 from bivariate analysis will be
entered into a multiple logistic regression model.

3.7.6 Method of measurement

3.7.6.1 Case record form

Patient demographic data

Daily SOFA score in SICU

ICU length of stay, ICU discharge or death

Total hospital length of stay, hospital discharge or death
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3.7.6.2 Blood lactate measurement

- Arterial or capillary blood lactate level determined by portable lactate

analyzer; Accutrend Plus (Roche Diagnostics, Germany).

Figure 2 Portable lactate analyzer

- The blood lactate measurement will be done by nurses (research assistant),
use only one droplet of blood from the rest of routine blood test in ICU.
- Lactate handheld analyzer will be calibrated every 25-strip used.

3.7.6.3 Main outcome measurement

- In-hospital death (person)



3.7.7 Study flow chart

All postoperative high-risk surgical

patients who admitted to SICU

—)

Exclusion:

-Hepatic encephalopathy

-Seizure

-Brain injury

Measurement:

-0 and 12 hour lactate level

- 12-hour lactate clearance

Ll

both 0 & 12 hour level<2mmol/L)

Lactate clearance

(decrease=10% or

1

1

Death

Hosp. Discharge

L
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Lactate non-clearance

(decrease <10%)

Death

Hosp. Discharge

Figure 3 Study flow chart
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3.7.8 Data Analysis

Part 1: Characteristics of the study cohort: Lactate non-clearance group and lactate
clearance group

. Sex, age, indication for SICU admission, underlying diseases, admission SOFA
score, admission lactate level

= Analyze by mean + SD in continuous data
- Analyze by percent in categorical data

Part 2: The comparison of Lactate non-clearance versus lactate clearance in the
interested factors and outcomes

: Baseline characteristics

: Emergency surgery

: Suspected or confirmed infection

: Current use of vasopressor (within the first 12-hour)

: Mechanical ventilation (within the first 12-hour)

: SICU mortality

: Hospital mortality

- Analyze by Chi-squared test or Fisher’s exact test as appropriate; p<0.05

: O-hour & 12-hour lactate level

: SICU length of stay

: Hospital length of stay

: Admission SOFA score (& be identified by organ)

- Analyze by unpaired t-test or Mann-Whitney U test as appropriate; p<0.05
Part 3: The comparison of Non-survivors versus survivors

: 0 & 12-hour lactate level
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: Lactate non-clearance
: Suspected or confirmed infection
: Current use of vasopressor
: Emergency surgery
: SOFA score (admission, mean, maximum)
- Analyze by unpaired t-test or Mann-Whitney U test as appropriate (P<0.05);
for all continuous data
- Analyze by test Chi-squared or Fisher’s exact test as appropriate (P<0.05);
for all categorical factors
Part 4: Independent risk factors
: Associated with hospital mortality
(Test; lactate non-clearance, current use of vasopressor)
: Associated with lactate non-clearance
(Test; current use of vasopressor, emergency surgery, suspected or confirmed
infection, mechanical ventilation)
- Analyze by multiple logistic regression & present as adjusted odds ratio (with
95% Cl)
- The author analyzes the data in IBM SPSS Statistics for Windows, Version
22.0. Armonk, NY: IBM Corp.

3.7.9 Ethical consideration

1. The research proposal must be approved by the ethical committee of
Faculty of Medicine, Chulalongkorn University before the study will be started.
2. The participants will be informed in details of the study with courtesy and

respect



31

- The investigation team members and witness must be sure that patients were
not force into the study by means of threatening and understand the full extent of
the study before get informed consent from patients. However, they can withdraw
from the study at any time and still get the standard treatment as usual.

- Support the privacy of patients’ identity, the case record form must not
identify the patient identity.

- There are lots of personal data and the other information, all data will be
kept in a personal investigator’ s computer. The access to the data will need a
password.

- Results of the study will be presented in general, not as individual data.

- Patients may get benefit from the study because the result of lactate
clearance might predict the result of treatment and could remind the responsible
physicians to adjust for the appropriate resuscitation.

- If patients already have arterial line insertion, the sample blood for 0.5 ml
will be aspirated from arterial line but if no arterial line insertion, by means of finger
prick blood sampling, patients may get some risks from minor pain, bleeding and
infection. Patients will be observed for these complications and if these complications
occur, patients will get treatment immediately and without expense.

- Patients will be included to the study according to the well-defined inclusion
and exclusion criteria with ensuring reasonable, non-exploitative, and fairly. All patients
in SICU will get the standard treatment equally.

3.7.10 Limitation

1. With this cohort design, one cannot be sure that the results depend on the

treatment strategy or the patient conditions
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2. Many factors influence on the hospital mortality; lactate clearance may be
one of the end points of resuscitation so it must be composed with the effective
resuscitation protocol then this strategy could decrease the patient’s mortality.

3. Because of this study cannot be blinded because of ethical reason, there
may be some hawthorn effect improving the results.

3.7.11 Expected benefit and application

- If the results from the study suggest that lactate non-clearance associate with
hospital mortality then it can be apply to set up for the end point of resuscitation in
high-risk surgical patients.

:If we can identify the independent risk factors associating with hospital
mortality or lactate non-clearance then we could identify the patients who risk for
death or inadequate resuscitation, to apply more aggressive treatment.

3.7.12 Obstacles

1. Because of the study design, we could not be sure that we can recruit the
patients in the expected ratio 1:2 (lactate non-clearance: lactate clearance).

2. The accuracy of the blood lactate measuring time. The admission blood
lactate will be measured within the first 30-minute and the 12-hour blood lactate will
be measured within + 30 minutes of 12-hour SICU admission. After the admission
lactate level is obtained then the 12-hour measuring time will be remarked to the

research assistant.
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CHAPTER IV

Results

There were 122 consecutive patients admitted to SICU. They were eligible for
the study and were recruited for the trial. According to baseline characteristics (Table
1), the author classified the patients into LNC group and LC group. Regarding to age,
sex, indication for SICU admission, and factors of interest, the comparison between
LNC and LC did not show any statistical significant difference except 12-hour lactate
level.

The study evaluated several clinical outcomes, especially the primary
outcome. In comparison of hospital mortality between LNC group and LC group, with
hospital mortality at 5.3 % among LNC group versus 3.9 % among LC group (p value =
0.578) and mean difference of mortality (with 95 % confidence interval) between LNC
group and LC group was 1.4 % (-9.3 %, 12.1 %, p value = 0.78), thus there was no
statistical significant difference. Furthermore, there was no statistical significant

differences in hospital length of stay and SICU length of stay.
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LNC LC p value
Variable
(n=19) | (h=103)

Age, year, mean (SD) 71.7(11.8) | 64.3(17.3) | 0.078°
Sex, male, n (%) 8(42.1) | 64(62.1) | 0.103°
Indication for SICU admission, n (%)

- Previous severe cardiorespiratory illness 1(5.3) 12 (11.7) 0.689¢

- Extensive surgery for carcinoma 8 (42.1) 41 (39.8) 0.851¢

- Severe multiple trauma 0(0.0) 2(1.9) 1.000¢

- Massive acute blood loss 0(0.0) 8(7.8) 0.355°

- Age > 70 yrs. and limited physiological | 6 (31.6) 21 (20.4) 0.365¢
reserve of at least 1 vital organ

- Shock; MAP < 60 mmHg, CVP < 15 cmH,0, 1(5.3) 3(2.9) 0.497¢
and urine output < 20 mL/h

- Acute abdominal event with 1(5.3) 14 (13.6) 0.462¢
hemodynamic instability

- Late-stage vascular disease involving aortic | 2 (10.5) 6 (5.8) 0.609¢
disease
Underlying disease

- Hypertension 13 (68.4) 54 (52.4) 0.198°

- Underlying CAD 1(5.3) 6 (5.8) 1.000°

- Underlying CHF 0 (0.0) 2(1.9) 1.000°
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LNC LC p value
Variable
(n=19) | (h=103)

- Underlying previous stroke 0 (0.0) 6 (5.8) 0.589¢

- Other cardiovascular disease 3(15.8) 19 (18.4) 1.000¢

- DM 5(26.3) 24.(23.3) 0.774¢

- Asthma 1(5.3) 2(1.9) 0.401°¢

- COPD 1(5.3) 1(1.0) 0.288°

- Other Respiratory disease 0(0.0) 7(6.8) 0.594¢

- Cirrhosis 2(10.5) 8(7.8) 0.654°

- CKD 2 (10.5) 15 (14.6) 1.000°
Admission SOFA score, median (IQR) 3 (2-4) 2(1-4) 0.312°
Maximum SOFA score, median (IQR) 3 (2-5) 3 (1-5) 0.469°
Mean SOFA score, median (IQR) 2.5(0.7-5.0) | 2.0 (1.0-3.3) | 0.352°
Emergency surgery, n (%) 2(10.5) 15 (14.6) 1.000¢
Suspected or confirmed infection, n (%) 6 (31.6) 16 (16.0) 0.118°
Current use of vasopressor, n (%) 3(16.7) 22 (21.6) 0.762¢
Mechanical ventilation, n (%) 10 (52.6) | 48 (46.6) 0.629¢
0-hour lactate level, mmol/L, median(IQR) 1.7 (1.1-2.3) | 2.2 (1.2-3.6) |  0.090°
12-hour lactate level, mmol/L, median(IQR) | 2.8 (2.1-3.6) | 0.9 (0.8-1.6) | < 0.001°
SICU length of stay, day, median (IQR) 1(1-3) 1(1-3) 0.962°
Hospital length of stay, day, median (IQR) 27 (15-40) | 22 (11-43) | 0.701°
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LNC LC p value
Variable
(n=19) (n =103)
Hospital mortality, n (%) 1(5.3) 4(3.9) 0.578°¢

: LNC = lactate non-clearance, LC = lactate clearance, SD = standard deviation, SICU = surgical
intensive care unit, MAP = mean arterial blood pressure, CVP = central venous pressure, SOFA =
Sequential Organ Failure Assessment, IQR = interquartile range, CAD = coronary artery disease, CHF
= congestive heart failure, DM = diabetes mellitus, COPD = chronic obstructive pulmonary disease,
CKD = chronic kidney disease

: a=unpaired t-test; b=Mann-Whitney U test; c=Fisher exact test; d=Chi square test

The author also classified the patients according to hospital mortality (Table
2): 5 patients died in hospital while 117 patients survived. Only two variables showed
significant differences between the non-survivor and survivor groups. While there was
no significant difference in the admission SOFA scores, the study found significant
differences in the mean SOFA scores (median (IQR); 5.8(4.3-7.8) in the non-survivor
group versus 2(1-3.3) in the survivor group, p = 0.016) and maximum SOFA scores
(median (IQR); 8(5-9) in the non-survivor group versus 3(1-5) in the survivor group, p =

0.034).
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37

Variable Non-survivors | Survivors p value
(n=5) (n=117)
Admission SOFA, median (IQR) 4 (3-6) 2 (1-4) 0.142°
Maximal SOFA, median (IQR) 8 (5-9) 3 (1-5) 0.034°
Mean SOFA, median (IQR) 58 (4.3-7.8) | 2(1-3.3) 0.016°
Emergency surgery, n (%) 2 (40.0) 15(12.8) 0.142¢
Suspected or confirmed infection, n (%) 1 (20.0) 21(18.4) 1.000°
Current use of vasopressor, n (%) 3 (60.0) 22 (19.1) 0.060°
Mechanical ventilation, n (%) 4 (80.0) 54 (46.2) 0.190¢
0-hour lactate 3(26-9.9) | 2(1.1-3.4) 0.091°
12-hour lactate 2.5(1.3-4.4) |1.1(0.8-2.0)|  0.098°

: SOFA = Sequential Organ Failure Assessment, IQR = interquartile range

: a=unpaired t-test; b=Mann-Whitney U test; c=Fisher exact test; d=Chi square test

The independent risk factors associated with LNC condition were considered

(Table 3). The relevant factor was suspected or confirmed infection; the crude odds

ratio (OR) by bivariate analysis was 2.42; 95% confidence interval (Cl) 0.80-7.32, p =

0.117. Further analysis by multiple logistic regression after adjustment for age and sex

also revealed that the adjusted OR was 2.70; 95% Cl 0.85-8.55, p = 0.092.
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Table 3 Multiple logistic regression analysis to determine the risk factors

associated with the lactate non-clearance condition

Variable Crude 95% CI | p value | Adjusted| 95% CI | p value
OR OR

Non suspected | reference reference

infection

Suspected 242 0.80-7.32 0.117 2.70 0.85-8.55 0.092

infection

Note: adjusted for age and sex, OR = odds ratio, C| = confidence interval
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CHAPTER V

Discussion

The key of effective resuscitation is to detect tissue hypoperfusion in the early
phase of cardiovascular derangement and should be enclosed with effective
resuscitation protocol. The previous studies have demonstrated that blood lactate
level as a surrogate for tissue hypoperfusion has been selected as one of the

8-10)

endpoints of resuscitation ' and some interesting information have suggested

that lactate clearance strongly relates to morbidity and mortality * 112 14-16)

The study cannot demonstrate any differences in the main outcomes between
the LNC and LC groups. The results might be related to the inclusion criteria of the
study. The author has demonstrated the pattern of SICU admission in the
conceptual framework and the results has revealed similar outcomes. The most
frequent criteria for SICU admission was extensive surgery for carcinoma, the
second was elderly patient with limited vital organ function, and the third was
acute abdominal event with hemodynamic instability. On the other hand, some
patients were admitted to SICU only for the need of optimum post-operative
monitoring with a minimum risk of complications or without any obvious major
organ dysfunction. The admission, maximum and mean SOFA scores were in the
range of 2-3 for the median, which indicated the low severity of illness and
ultimately to the low hospital mortality rate (5 in 122 patients; 4.1%). That is to

say, the problem of not being able to predict an adequate prognosis for the LNC

condition in high-risk surgical patients in this study might be related to the low
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severity of illness for high-risk surgical patients in the sample. Nevertheless, the
author chose the SICU admission criteria similar to Meregalli A et al *¥, the study
of serial blood lactate levels in 44 high-risk, hemodynamically stable, SICU patients
reported hospital mortality for 15.9 % higher than 4.1 % in this study. Furthermore,
the author calculated the sample size by using the data from Nguyen HB et al (18
demonstrated hospital mortality in LNC 45% and LC 20% in sepsis patients. At first,
the author concentrated on the 12-hour mortality rate in LNC and LC groups in
critically ill patients whether sepsis or not. The author also postulated that sepsis
patients and high-risk surgical patients might have had similar risk for cardiovascular
derangement and some high-risk surgical patients had sepsis conditions, then the
study intended to prove that lactate non-clearance could predict higher risk of
hospital mortality in high-risk surgical patients as it can be proved in sepsis patients
and intensive care unit patients. However, hospital mortality in the study was lower
(5.3% in LNC and 3.9% in LC) in comparison with the reference. Therefore, the
author might increase a chance of type Il error. Apart from the inclusion criteria,
another factor which should be reconsidered is lactate clearance time. The
definitions of lactate clearance in the previous studies are various and still no
definite definitions. There are various in absolute value of abnormal lactate level,
relative value of lactate clearance, and definite time for lactate clearance. The
author intended to choose the optimum definition, then choose the definition
according to Nguyen HB et al "® which have been cited by 14 Pubmed articles for
now. Nguyen HB, et al ™ demonstrated early lactate clearance in the first 6 hours
of severe sepsis and septic shock among patients was associated with decreased

L(18

mortality rate. After that, Nguyen HB, et al *® conducted a prospective cohort

study in eight tertiary- care medical centers in Asia by adding 12-hour lactate
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clearance to the Surviving Sepsis Campaign (SSC) guidelines, and the addition of
the 12-hour lactate to SSC bundle was proven as being associated with improved

mortality. Meregalli A et al !V

investigated serial blood lactate in 44 high-risk
surgical patients at ICU admission at 12, 24, and 48 hours. Although the results
showed similar blood lactate levels on ICU admission between survivors with non-
survivors and slightly higher blood lactate levels at 24 and 48 hours in non-
survivors, there was no statistical significance. Statistically significant higher levels
of 12-hour blood lactate were found in non-survivors compared to survivors.
Finally, the author chose to evaluate lactate clearance at 12 hours instead of 2, 6,
24, or 48 hours because this 12-hour lactate clearance concept get along well with
our routine practice and the reference article (sepsis ¢, cardiogenic shock ®”), and
the author considered that lactate clearance evaluation within 6 hours in high-risk
surgical patients dealing with some active postoperative problems such as ongoing
bleeding, reoperation or perioperative myocardial infarction might be too limited
time to solve the problems. However, in the study, the author could not
demonstrate the predictive value of 12-hour LNC for hospital mortality in high-risk
surgical patients. Although, high- risk surgical patients still require optimum
postoperative care. In the future, further study might be modified with more
specific group in high-risk surgical patients, with larger sample size to increase the
statistical power and with other time points to evaluate lactate clearance such as
the 6-hour point according to the SSC guidelines

The author analyzed the differences between survivors and non-survivors, and
the results demonstrated statistically significant higsher maximum SOFA and mean

SOFA scores in the non-survivor group. Finally, the author attempted analysis using

a multiple logistic regression model to demonstrate the independent risk factors
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associated with hospital mortality and the LNC condition. First, as concerns hospital
mortality, because of the low mortality in the study (5 in 122 patients; 4.1%) the
author could not analyze the independent risk factors associated with hospital
mortality. Second, blood lactate level is the essential marker for defining septic
shock patients @7 and the SSC guidelines ¥ suggested that the blood lactate level
should be normalized within the first 6 hours. Shankar-Hari M et al 2" recently
reported the third international consensus definitions for sepsis and septic shock
(sepsis- 3), and defined that septic shock condition in adult patients can be
identified by the combination of hypotension requiring vasopressors and serum
lactate level higher than 2 mmol/L after fluid resuscitation. Because of the
application of blood lactate level in clinical practice, therefore the author
proposed to search for independent risk factors associated with the LNC condition.
After being adjusted for age and sex, the author found that suspected or confirmed
infection was associated with the LNC condition but with no statistical significance
(adjusted OR 2.70; 95% Cl 0.85-8.55, p = 0.092). However, this outcome correlates
to previous studies demonstrating the prognostic value of the LNC condition in

patients with severe sepsis and septic shock * 1112 1416

and might suggest
intensivists to pay greater attention to high-risk surgical patients with suspected or

confirmed infection in the early phase of SICU admission.

What is already known on this topic?

Resuscitation which has been guided by the use of hemodynamic protocol for
the high-risk surgical patients can be proved to decrease postoperative morbidity
and mortality. However, the optimal endpoints of resuscitation remain
controversial. There had some retrospective studies reported that within the early

phase of surgical intensive care unit (SICU) admission, normalization of blood
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lactate level in this period associated with decreasing mortality. Still, there is a
need for establish the effective and practical predictive markers for adequate
resuscitation in high-risk surgical patients.
What this study adds?

Lactate non-clearance in 12 hours cannot demonstrate the prognostic value
for hospital morbidity and mortality in high-risk surgical patients. The suspected or
confirmed infection group tends to associate with lactate non-clearance condition

but no statistical significance.
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CHAPTER VI

Conclusion

In high-risk surgical patients, 12-hour LNC cannot demonstrate prognostic value
for hospital morbidity and mortality. However, the suspected or confirmed infection
group was associated with the LNC condition but with no statistical significance. Further
studies into the predictive value of lactate-guided resuscitation with more specific

group in high-risk surgical patients are still needed.
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Case Record Form

Part A: dayafiugnu

1. Lne 01 ve 2. v
2. 91¢ OO0y

3 dwin OO0

a.dnge OO0 SGudwns

5. Indication for SICU admission
[ 1. Previous severe cardiorespiratory illness
[ 2. extensive ablative surgery planned for carcinoma
s multiple trauma
[J 4. Massive acute blood loss
Os. Age >70y and evidence of limited physiological reserve of >1vital organ
D 6.Shock, MAP <60 mm Hg, CVP <15 cmH,0, and urine output <20 ml/h
[ 7. Acute abdominal event with hemodynamic instability
Os. Late-stage vascular disease involving aortic disease
Part B: Initial admission details

6. Underlying diseases (1donlau1nnin1ve)

1. Hypertension 2. cap O3 chr

[CJa. Previous stroke [J5. other cardiovascular disease 6. DM

7. Asthma [CJs. corp Cdo. other respiratory
disease

OJ10. Cirrhosis [CJ11. Chronic kidney disease 112 None

7. Emergency surgery Dyes Ono
8. Suspected or confirmed infection Dyes Ono

9. Current use of vasopressor (within the first 12-hour) Clyes Oro
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10. Mechanical ventilation (within the first 12-hour)

11. 0-hour lactate level
12. 12-hour lactate level
13. Lactate clearance
Part C: Outcomes

14. SICU length of stay

15. Hospital length of stay

Dyes

O0O.00wmout
O0O.00wmout

Ono

OO0
OO0

Dyes

59

Ono

16. Dead O:no DZ.yes; in SICU D3.yes; in ward
Part D: SOFA score
SOFA score 0 1 2 3 q
Respiration
Pa0,/FIO,
>400 <400 <300 <200 <100
(mmHg)
221-301 142-220 67-141 <67
Sa0,/FIO,
Coagulation
Platelets
>150 <150 <100 <50 <20
10*/mm?
Liver
Bilirubin (mg/dL) <1.2 1.2-19 2.0-5.9 6.0-11.9 >12.0

Cardiovascular
No

Dopamine </=5

Dopamine >5 or

Dopamine >15 or

Hypotension MAP <70 | or norepinephrine norepinephrine
hypotension
dobutamine (any) | </=0.1 >0.1
CNS
Glasgow Coma
15 13-14 10-12 6-9 <6
Score
Renal
Creatinine
<1.2 1.2-1.9 2.0-3.4 3.5-4.9 or <500 >5.0 or <200

(mg/dL) or urine
output (mL/d)




SOFA score_day

10

Respiration

Coagulation

Liver

Cardiovascular

CNS

Renal

Total

SOFA score_day

11

12

13

14

15

16

17

18

19

20

Respiration

Coagulation

Liver

Cardiovascular

CNS

Renal

Total

SOFA score_day

21

22

23

24

25

26

27

28

29

30

Respiration

Coagulation

Liver

Cardiovascular

CNS

Renal

Total
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