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KEYWORDS Abstract

Lactate; Background: Postoperative Hyperlactatemia (PO-HL) is a frequent condition associated with
Ephedrine; poor prognosis. In recent years, there has been growing evidence that adrenergic stimulation
Adrenergic agents; may contribute to increased lactate levels. The use of adrenergic agonists for the control of
Hyperlactatemia; intraoperative hypotension is frequent, and its impact on the development of PO-HL is unknown.
Phenylephrine Objective: To evaluate whether the use of intraoperative adrenergic agents is associated with

the occurrence of PO-HL.

Methods: This was a prospective observational study. The inclusion criteria were undergoing
elective open colon surgery, being >60 years old and signing informed consent. The exclusion
criteria were cognitive impairment, unplanned surgery, and anticipated need for postopera-
tive mechanical ventilation. Baseline and intraoperative variables were collected, and arterial
lactate data were collected at baseline and every 6 hours postoperatively for 24 hours. Hyper-
lactatemia was defined as lactate >2.1 mEq.L™".

Results: We studied 28 patients, 61% of whom developed hyperlactatemia. The variables associ-
ated with PO-HL in the univariate analysis were anesthetic time, the total dose of intraoperative
ephedrine, and lower intraoperative central venous oxygen saturation (ScvO;). Multivariate
analysis confirmed the association between the use of ephedrine (p=0.004), intraoperative
hypotension (p=0.026), and use of phenylephrine (p=0.001) with PO-HL.
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Conclusions: The use of intraoperative ephedrine, phenylephrine and intraoperative hypoten-
sion were independently associated with the development of PO-HL. This finding should lead to
new studies in this field, as well as a judicious interpretation of the finding of a postoperative

increase in lactate levels.

© 2020 Sociedade Brasileira de Anestesiologia. Published by Elsevier Editora Ltda. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

Introduction

Postoperative Hyperlactatemia (PO-HL) is a common condi-
tion with a multifactorial origin that is associated with poor
clinical outcomes in surgical patients.”? PO-HL has been
documented most extensively in patients recovering from
cardiac or major abdominal surgery.>-2

Lactate has traditionally been viewed as a global marker
of perfusion, as lactate levels increase when the oxygen
demand exceeds supply.®"* Lactate is widely used for the
diagnosis and management of shock conditions, and base-
line measurement and follow-up are recommended to guide
the initial resuscitation of critically ill patients.'"”

Recent findings have led to a re-evaluation of the role of
lactate in organ metabolism during stress conditions, espe-
cially energy flow among compartments and systems.'® "
Studies have also shed light on the mechanisms underlying
the onset of hyperlactatemia.'®?°-?2 For instance, elevated
aerobic glycolysis, modulated by adrenergic stimulation, has
been implicated in the process. This nonhypoxic lactate pro-
duction is likely mediated by increased beta-2 activity and
its ensuing effect on the Na*/K*-ATPase pump.2*-2°

Most studies on postoperative hyperlactatemia have
focused on cardiac surgery. Two types of hyperlactatemia
have been described in this population: type A, or early-
onset, and type B, or late-onset. It has been reported that
the use of adrenergic agonists such as adrenaline is associ-
ated with the onset of type B hyperlactatemia.?*-2

Intraoperative hypotension is a frequent event that is
associated with a higher risk of other complications, includ-
ing cardiovascular events, cerebrovascular accidents, acute
kidney injury, and even mortality.?°-3'

The objective of this study was to evaluate the associ-
ation between the use of intraoperative adrenergic agents
and the development of postoperative hyperlactatemia.

Methods
Design

Observational prospective cohort study. All patients who
met the eligibility criteria were consecutively enrolled in
this prospective cohort study. Patients were subjected to
multimodal hemodynamic, perfusion, and cerebral oxygena-
tion monitoring, as well as standard anesthetic and surgical
protocols, as detailed below. Additional standardized infor-
mation was collected from the medical records of enrolled
patients. The reporting of this study was performed accord-
ing to the Strobe Statement Guidelines for observational
studies.

Setting

The study was carried out in the Operation Room (OR) and
the Critical Care Unit of a university hospital between April
2010 and May 2013. All patients studied were followed up
until hospital discharge.

Ethical aspects

The study was approved by the Scientific Ethics Commit-
tee of our institution, and all patients provided informed
consent for participation.

Patients

Older adults subjected to elective open colorectal surgery
were enrolled. The inclusion criteria were as follows: age
>60 years old, agreement to undergo open colorectal
surgery, and a signed informed consent form to participate
in this study. The exclusion criteria were dementia evalu-
ated based on a Mini-Mental State Examination (MMSE) <22,
urgency or emergency surgery and a high risk for mechan-
ical ventilation requirement before surgery. The patients
enrolled in this study were part of a project designed to
evaluate the association between perioperative perfusion
and postoperative delirium; these results were recently
published.? The patients were contacted by the research
team once admitted to request their participation in the
study, informed consent, baseline sampling, and registra-
tion of preoperative baseline characteristics. A secondary a
priori objective of the project was to study perioperative
perfusion disorders, specifically to evaluate the association
between the evolution of postoperative perfusion param-
eters and hypotension and/or intraoperative interventions
to manage hypotension (such as administration of fluids or
vasoactive agents).

Patients were managed according to a standard surgical
and anesthesia protocol, which is described below.

Baseline information

Preoperative data were collected, including demographic
information, comorbidities, and stratification of preoper-
ative anesthesia risk (ASA Physical Status Classification,
American Society of Anesthesiologists). Blood samples were
collected to measure baseline hemoglobin (ADVIA 2120,
Siemens, Munich, Germany) and lactate levels (Vitros 5,1,
Johnson & Johnson, New Jersey, US).

59


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

E. Tobar, R. Cornejo, J. Godoy et al.

Anesthesia protocol

All patients were monitored with Electrocardiography
(ECG), Pulse Oximetry (SpO;), and continuous Mean Arte-
rial Pressure (MAP) with an arterial line. After monitoring
was initiated, an epidural catheter was inserted for post-
operative analgesia. A sensor for monitoring the depth
of anesthesia was applied and connected to a Bispec-
tral Index (BIS™) monitor. A central venous catheter with
continuous monitoring of Central Venous Oxygen Satura-
tion (Scv0O,) was inserted (PreSep catheter and Vigileo™,
Edwards Lifesciences®). Administration and monitoring of
inhalation anesthesia were performed using an Aestiva 5
anesthesia machine (Datex-Ohmeda®, GE Healthcare).

Anesthesia induction was performed with a 2mg.kg™
propofol IV bolus, Target-Controlled Infusion (TCI) of
remifentanil, and 0.2 mg.kg™ cisatracurium IV bolus. In addi-
tion, patients were administered dexamethasone 4mg 1V,
ondansetron 4mg IV, ketoprofen 100mg IV, and antibiotic
prophylaxis with 1g ceftriaxone IV plus 500 mg metronida-
zole IV. Hemodynamic parameters, ScvO,, and BIS values
were recorded every 5 minutes during anesthesia. The ScvO,
measurements were masked to the attending anesthesi-
ologist. Anesthesia maintenance was performed using 1%
isoflurane and TCI remifentanil as needed, targeting BIS val-
ues of 45-65.

Ventilation and fluids were managed as previously
reported. In the case of hypotension, pulse pressure vari-
ability was monitored to evaluate the need to administer
an additional fluid bolus.*? In the case of severe hypoten-
sion or hypotension unresponsive to fluids, vasopressors
were administered according to the following protocol: in
the absence of tachycardia, a 6-12mg bolus of ephedrine
was administered; if there was no response to ephedrine
or if ephedrine was contraindicated, a 50-100 pg bolus of
phenylephrine was administered. Finally, if there was no
response to phenylephrine, norepinephrine infusion was ini-
tiated, targeting a MAP of 65-85 mmHg.

Before the surgery was completed, epidural analge-
sia was initiated with a solution of 0.1% bupivacaine plus
4ug.mL" fentanyl at an infusion rate of 5—8mL.h™". Post-
operative analgesia was performed by a team from the
Anesthesiology Department.

Postoperative protocol

When the surgical procedure and anesthesia were complete,
patients were transferred to the intermediate surgical unit
of the Critical Care Unit for monitoring. Hemodynamic
and perfusion parameters were recorded hourly, and arte-
rial lactate was measured every 6hours, until 24hours
of monitoring had been completed. If a patient devel-
oped hypotension, the fluid response was evaluated, and
if there was no response, norepinephrine was initiated
(0.05 pg.kg™'. min"). the patients were transferred to the
basic ward at the discretion of the surgical team once the
study measures were completed and were followed during
their hospital stay by team members on a daily basis.

Definitions and cut-off points for variables of
interest

The normal range for lactate was defined as 0.8-2.1
mEq.L". Hyperlactatemia was defined as lactate >2.1
mEq.L™". Early-onset Hyperlactatemia (eHL) was defined as
the presence of hyperlactatemia at the first measurement,
6 hours post-surgery,?® and late-onset Hyperlactatemia (LHL)
any lactate >2.1 mEq.L" after the first measurement.

Statistical analysis and sample size

The sample size was calculated for the primary objective
of this research project, as previously reported.*? Baseline
patient characteristics and intra- and postoperative mea-
surements are expressed as a proportion or the mean £ SD.
A chi-squared independence test, Fisher’s exact test, or
Student’s t-test was used to evaluate associations between
hyperlactatemia and baseline or intraoperative variables. A
repeated measures ANOVA estimated by mixed models was
used to evaluate associations between lactatemia at various
time points and baseline or intraoperative variables; for this
analysis, continuous variables were dichotomized according
to the higher and lower values with respect to their medi-
ans. Given the likelihood of correlations among the various
intraoperative variables potentially associated with hyper-
lactatemia, a multilevel mixed-effects linear regression
analysis for repeated measures was developed to address
our research question. Variables with p-values <0.25 in the
univariate analysis were evaluated in the final model using
the Hosmer and Lemeshow criteria.?3 A p-value < 0.05 was
used to indicate significance in all analyses. Statistical anal-
ysis was performed using Stata 12.0 software (StataCorp LP,
Texas, TX, USA, 2012), and figures were developed using
GraphPad Prism 7.0 software.

Results

A total of 28 patients were studied between 2010 and 2013.
The flowchart of evaluated patients is shown in Fig. 1. The
average age was 73 +7 years, and 60.7% of patients were
female. Indications for surgery were colon cancer (82.1%),
colostomy reversal (14.3%), or other (3.6%). Regarding pre-
operative anesthesia risk, patients were classified as ASA
I (35.7%) or ASA Il (64.3%). Baseline blood values were
hemoglobin 11+2g.dL" and lactate 1.240.3 mEq.L™".

In terms of hemodynamic parameters prior to anes-
thesia induction, the Mean Arterial Pressure (MAP) was
107 £ 16 mmHg, and the mean Systolic Arterial Pressure
(SAP) was 157 + 31 mmHg. During the intraoperative period,
all patients had at least one episode of MAP below
65mmHg, and 92.9% developed at least one episode
of MAP below 60mmHg. The mean intraoperative fluid
intake was 1911 +985mL. Of the total sample, 86% of
patients received ephedrine (38+27mg), 57% received
phenylephrine (493+1172mg), and 25% received nore-
pinephrine (7 cases). The average time under anesthesia was
216 + 64 minutes, and the average intraoperative ScvO, was
81%+8%. During the first day after surgery, 3 cases used NE
at low doses (NE<0.1 ug.kg". min'").
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Patients identified by
research team (n=131)

Excluded
53  Laparoscopic surgery
40 <60yearsold
21 Emergency surgery

7  Cognitive impairment
2 Not consent to participate

Patients enrolled
in study (n=28)

Patients follow-up
and analized
(n=28)

Figure 1
6' * *
ok *k - HL
= nHL
g 4
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5]
g 2
()]
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postoperative time (hrs)

*p <0,05; HL t12 and HL t18 with HL t0
** p <0,05; HL t12 and t18 with nHL t12 and t18

HL: hyper; ia group; nHL: hyr ia group
Figure 2  Postoperative lactate levels on time, by groups
Hyperlactatemia (HL) and not Hyperlactatemia (nHL),
mean £ SD.

Of the 28 patients, 17 (60.7%) developed Hyperlac-
tatemia (HL group). Of these, 3 patients (18%) developed
eHL, and the remaining 14 developed late-onset hyperlac-
tatemia (LHL group). The evolution of lactate values over
time in the HL group as compared to those of the patients
who did not develop Hyperlactatemia (nHL group) is shown
in Fig. 2. The evolution of lactate values over time is shown
in Figs. 3 a-d. The use of NE during the postoperative period
was not associated with HL.

The comparison between baseline and intraoperative
characteristics of the enrolled patients in the Early
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Flowchart of the study. Evaluated, excluded, and included patients.

Hyperlactatemia (eHL), Late Hyperlactatemia (LHL) and
Non-Hyperlactatemia groups (nHL) are shown in Table 1.

The mixed-model analysis of lactatemia over time indi-
cated that ephedrine, phenylephrine, and intraoperative
MAP were significantly associated with the development of
hyperlactatemia, as shown in Table 2.

Discussion

The principal finding of this study is that use of intraoper-
ative adrenergic agonists ephedrine and phenylephrine are
associated with postoperative hyperlactatemia. The mixed
model analysis confirmed that the presence of intraopera-
tive hypotension, ephedrine dose, and use of phenylephrine
were associated with postoperative hyperlactatemia.

A total of 60% of the patients evaluated developed hyper-
lactatemia during the first 24 postoperative hours. This
finding is similar to that described in other series, although
the various definitions make comparison difficult.®® In that
studies, most of the patients developed late hyperlac-
tatemia, which is similar to what has been reported in
the context of cardiac surgery, and has been associated
to longer duration of cardio-pulmonary bypass, and use
of epinephrine.*?”2 In our case, the variables associated
with the development of hyperlactatemia were the use of
ephedrine, use of phenylephrine and the presence of intra-
operative hypotension.

Ephedrine is an indirect alpha 1-, beta 1-, and beta 2-
agonist that is commonly used to manage intraoperative
hypotension. Although this drug is used in diverse anesthe-
sia scenarios, it is to regional obstetric anesthesia that there
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Postoperative lactate levels over time, by gender (a); anesthetic time (b); ephedrine group (c); and ScvO; group (d),

Comparison of baseline and intraoperative characteristics in the Early-onset Hyperlactatemia group (eHL), Late-onset

Hyperlactatemia group (LHL), and non-Hyperlactatemia (nHL) groups; mean + SD.

Lactate baseline 1.0+0.3
Lactate peack (mEq.L") 1.2+0.4
Female gender (%) 36

Age (y.0.) 73+6
Hypertension (%) 45
Diabetes (%) 27
Surgical time 125+ 40
Anesthetic time 182+39
Intraoperative fluids (mL) 1845+ 1154
Total ephedrine doses (mg) 18+ 16
Total phenilephrine doses (mg) 171+299

Norephinephrine use 18
MAP iop (mmHg) 79+8
ScvO; intraoperatoria 86+5

3.0+0.4° 3.94+1.4°
67 79

765 73+9

33 71

33 36
180+73 177 £ 67°
222+78 241 +68°
2416 £1233 854+ 831
32+£33 54423°
500 + 866 721+ 1560
33 29

75+2 76 +6

76 +10° 78+7°

nHL, non-Hyperlactatemia patients; eHL, early-onser Hyperlactatemia patients; LHL, Late-onset Hyperlactatemia patients; MAP iop,
intra-operative Mean Arterial Pressure; ScvO;, Central Venous Oxygen Saturation.

@ p< 0.05 between nHL and Ehl.
b p < 0.05 between nHL and eHL.

Table 2 Multilevel mixed-effects linear regression analyses, with univariate and multivariate analysis.

Gender 0.270 —0.301-0.841
Anesthetic time 0.005 0.001-0.009
Ephedrine 0.014 0.004-0.024
MAP iop —0.031 —0.071-0.009
Phenilephrine 0.000 0.000-0.000
Norepinephrine 0.331 —0.310-0.973
ScvO; —0.016 —0.053-0.021

0.354

0.014 0.099 —0.220-0.418 0.543
0.004 0.012 0.003-0.019 0.004°
0.136 —0.028 —0.052- -0.034 0.026°
0.001 0.000 0.000-0.000 0.0012
0.311

0.401

MAP iop, intra-operative Mean Arterial Pressure; ScvO;, Central Venous Oxygen Saturation.

a p< 0.05.
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are more studies of its effects on pH and lactate levels. An
association between ephedrine and fetal acidosis has been
reported, which is possibly attributable to placental lactate
production mediated by the beta-2 receptor.3*-3¢

Given its observational design, our study did not
provide results that would conclusively explain the
mechanisms underlying this ‘‘ephedrine-related’’ hyper-
lactatemia. However, the predominance of late- over
early-onset hyperlactatemia and the known beta-agonist
effects of ephedrine are compatible with a hyperlactatemia
of “*adrenergic’’ origin, which would also be consistent with
the findings of the studies mentioned above.?®? Among
commonly used adrenergic agents, only adrenaline has been
linked to late-onset hyperlactatemia.?>*” This agent is more
potent than ephedrine and is generally reserved for anaphy-
laxis treatment, advanced cardiopulmonary resuscitation,
and management of severe shock. Our study provides the
first report linking other adrenergic agents, in particular
ephedrine, to the development of perioperative hyperlac-
tatemia in the context of abdominal surgery.

Phenylephrine is a direct alpha-agonist that is 82-fold
more potent than ephedrine, according to studies on
hypotension during spinal anesthesia for cesarean section.>®
At typical clinical dosages, this drug produces arterial
vasoconstriction, which increases arterial blood pressure;
due to reflex mechanisms mediated by baroreceptors, car-
diac output is thereby reduced.’* Recent reports have
demonstrated potential risks of intraoperative phenyle-
phrine, and some authors have suggested substituting
this drug for norepinephrine.’®*' The association between
intraoperative hypotension and postoperative hyperlac-
tatemia is compatible with hyperlactatemia of hypoxic
origin, which is well-documented in diverse critical care
populations.*?

Finally, in agreement with findings in other contexts,
our study did not document an association between nore-
pinephrine and hyperlactatemia.*

Several limitations of this study should be noted. First,
the sample size was modest, in a small, homogenous group
of patients, using a more physiological design. Second, the
findings presented here are secondary outcomes from a
study designed a priori to identify triggers of postopera-
tive delirium. However, this limitation is mitigated by the
fact that the patient cohort was subjected to a standard-
ized protocol for interventions and measurements, and this
secondary objective was defined a priori. A third limitation
is associated with the lack of universal consensus on anes-
thesia and hemodynamic management protocols. To create
a standardized study protocol, the team relied on a series
of widely-recommended measurements (such as the use of
dynamic parameters to evaluate the need for fluids) and
other local protocols (such as the use of sequential vasoac-
tive agents and the use of the BIS system to guide anesthesia
depth).

Other limitations of our study are the lack of
glycemia data for the study patients, as many studies
on hyperlactatemia have reported an association between
hyperglycemia and hyperlactatemia. It was not possible to
evaluate this relationship with the available data;?® and by
the fact that all studied patients received dexamethasone
to prevent postoperative nausea and vomiting. This pharma-
ceutical agent has been associated with hyperlactatemia,
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although at a much higher dose (60 mg) than the dose used
in our study patients (4mg).* Finally, our findings could be
influenced by confounders of postoperative care (hypoten-
sion, hemodynamic or fluid management), or other variables
not measured in this period. During postoperative time, we
only documented that the use of NE was not associated with
the presence of PO-HL.

The strengths of the study include the use of a standard
hemodynamic and respiratory management protocol. Such
uniformity is uncommon in this type of study, as hemody-
namic management decisions are often left to the judgment
of the attending anesthesiologist on a case-by-case basis.
Another strength was the use of a strong statistical approach
that allowed for a comprehensive evaluation of postopera-
tive hyperlactatemia. The analysis was able to consider a
series of covariates potentially involved in the onset of this
condition.

In conclusion, postoperative hyperlactatemia is a com-
plex event determined by numerous variables, including
the presence of intraoperative hypotension and the admin-
istration of agents to manage it, such as ephedrine
or phenylephrine. Our study results suggest that both
ephedrine and phenylephrine are associated with hyperlac-
tatemia. This finding should be confirmed in future studies.
In the meantime, as suggested by other authors, the attend-
ing team should take note of elevated postoperative lactate
values and carefully evaluate the use of intraoperative
adrenergic agents. Physicians should consider the timing of
events and the status of other perfusion markers, including
regional and global indicators, to make the optimal deci-
sion regarding resuscitation strategies for a given patient.
Further studies will be necessary to elucidate the mecha-
nisms underlying this condition, using protocols designed to
address this question directly.

Conclusions

The use of the intraoperative adrenergic agents’ ephedrine
and phenylephrine are associated with the development of
postoperative hyperlactatemia. In the multivariate model,
the presence of intraoperative hypotension was also signifi-
cantly associated with PO-HL. The potential impact of the
use of intraoperative adrenergic agents should be consid-
ered in the interpretation of postoperative hyperlactatemia.
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