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RESUMO
Silva Junior JM, Neves EF, Santana TC, Ferreira UP, Marti YN, Silva
JMC - Importancia da Hipercloremia no Intraoperatdrio.

JUSTIFICATIVA E OBJETIVOS: A hipercloremia associada a
acidose proporciona pior evolugdo dos pacientes se néo identificada
e tratada corretamente. O objetivo deste estudo foi verificar a im-
portancia da hipercloremia no intraoperatorio.

METODO: Estudo de coorte prospectivo, durante cinco meses. In-
cluiu-se no estudo pacientes com idade igual ou maior que 18 anos
submetidos a intervengdes cirdrgicas com pds-operatdrio em uni-
dade de terapia intensiva. Moribundos, diabéticos e com insufici-
éncia renal foram excluidos. Os pacientes foram divididos em dois
grupos: CH (hipercloremia) e SH (sem hipercloremia). A determi-
nacédo de hipercloremia foi através de andlise de curva ROC
(Receiver Operating Characteristic), ou seja, o ponto com maior
sensibilidade e especificidade para obito foi escolhido como limi-
te para diferenciar entre hipercloremia ou néo.

RESULTADOS: O estudo envolveu 393 pacientes. As concentra-
¢bes séricas de cloro foram 111,9 + 6,7 mEq.L", pH 7,31 + 0,09 e
diferenca de bases de -5,6 + 4,6 mmol.L". A drea sob a curva ROC
dos valores de cloro foi de 0,76 com ponto de corte de 114 mEq.L
1, sensibilidade = 85,7% e especificidade = 70,1%. Pacientes com
cloro maior que 114 mEq.L" totalizaram 31,7% e foram determina-
dos como grupo CH. O grupo CH apresentou maior mortalidade do
que o grupo SH, 19,3% versus 7,4%, p = 0,001, acidose metabdli-
ca pH 7,27 (0,08) versus 7,32 (0,09) p = 0,001, diferenga de bases
-7,9 (3,8) mmol.L" versus -4,2 (4,6) mmol.L" p < 0,001, tempo ci-
rdrgico 4,5 (1,8)h versus 3,6 (1,9)h p = 0,001 e quantidade de
cristaldides no intra-operatdrio 4250 (2500-6000) mL versus 3000
(2000-5000) mL, p = 0,002. Ndo houve outras diferencas entre os
grupos.

CONCLUSOES: Hipercloremia tem alta incidéncia no final do intra-
operatdrio e esta associada a acidose metabdlica, maior tempo ci-
rdrgico, maiores quantidades de fluidos cristaloides e maior
mortalidade no pos-operatorio.
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SUMMARY
Silva Junior JM, Neves EF, Santana TC, Ferreira UP, Marti YN, Silva
JMC — The Importance of Intraoperative Hyperchloremia.

BACKGROUND AND OBJECTIVES: Hyperchloremia associated
with acidosis is associated with worse patient evolution if it is not
properly diagnosed and treated. The objective of this study was to
determine the intraoperative importance of hyperchloremia.

METHODS: This is a 5-month prospective study. Patients 18 years
or older undergoing surgical procedures and admitted to the
intensive care unit postoperatively. Terminal patients, diabetics, and
with chronic renal failure were excluded. Patients were divided in
two groups: CH (hyperchloremia) and SH (without hyperchloremia).
Hyperchloremia was determined by analysis of the ROC (Receiver
Operating Characteristic) curve, i.e., the point of greater sensitivity
and specificity for death was chosen as the limit to differentiate
hyperchloremia from normochloremia.

RESULTS: Three hundred and ninety-three patients participated in
the study. Serum levels of chloride were 111.9 + 6.7 mEq.L"", pH 7.31
+ 0.09, and base excess —5.6 + 4.6 mmol.L"". The area under the
ROC curve of chloride levels was 0.76 with a cutting point of 114
mEq.L", sensitivity = 85.7%, and specificity = 70.1%. The CH group,
with chloride levels of 114 mEq.L" or more was formed by 31.7%
of the patients. Mortality was higher in the CH group than in SH,
19.3% versus 7.4%, p = 0.001, as well as the incidence f metabolic
acidosis, pH 7.27 (0.08) versus 7.32 (0.09), p = 0.001, base excess
—-7.9 (3.8) mmol.L" versus —4.2 (4.6) mmol.L", p < 0.001, length of
surgery 4.5 (1.8) h versus 3.6 (1.9) h, p = 0.001, and volume of
intraoperative crystalloid administration, 4,250 (2,500 — 6,000) mL
versus 3,000 (2,000 — 5,000) mL, p = 0.002. Other differences
between both groups were not observed.

CONCLUSIONS: The incidence of hyperchloremia at the end of
surgery is elevated, and it is associated with metabolic acidosis,
longer surgeries, greater volumes of crystalloids, and higher post-
operative mortality.

Keywords: ACID-BASE BALANCE: acidosis; HYDROELECTROLYTIC
BALANCE: hyperchloremia; PROGNOSIS.
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INTRODUCTION

Chlorides are the most abundant anions in the extracellular
fluid, playing a fundamental role in water distribution in the
body, and they enter the cells to maintain the anion-cation
balance.

Plasma bicarbonate and chloride are frequently associated
with acidosis and alkalosis '. Thus, this inverse relationship
received special attention when investigators demonstrated
that intraoperative acidosis is associated with excessive in-
travenous administration of sodium chloride 22, being called
hyperchloremic metabolic acidosis 4. On the other hand,
reduced plasma concentrations of chloride, resulting in
alkalosis, are associated with the administration of diuretics
and loss o gastric fluids 56.

In fact, fast infusion of normal saline results in hyperchlo-
remic acidosis 7, which is a consequence of the increase in
anion gap caused by the excessive increase in plasma
chloride and subsequent renal excretion of bicarbonate.
Metabolic acidosis does not have specific clinical signs or
symptoms; however, it can cause pulmonary, cardiovascular,
neurologic, and skeletal musculature changes. Besides,
lactic acidosis has been clearly associated with an increase
in mortality .

Although those changes can be caused by hyperchloremia,
acidosis, or both, the literature is unsure regarding the
clinical relevance of those results.

Therefore, very few prospective clinical studies in surgical
patients evaluating the real impact of intraoperative hyper-
chloremia can be found in the literature. In this context, eva-
luating the importance of measuring intraoperative chloride
levels is relevant, besides considering possible com-
plications associated with this problem.

The objective of this study was to evaluate the consequen-
ces of intraoperative hyperchloremia and verify related factor.

Revista Brasileira de Anestesiologia
Vol. 59, N° 3, Maio-Junho, 2009



THE IMPORTANCE OF INTRAOPERATIVE HYPERCHLOREMIA

METHODS

The study was conducted in the operating room of a tertiary
hospital after approval by the Ethics Commission of the hos-
pital, and the author did not receive any grants.
Consecutive patients undergoing surgeries who required
postoperative care in the intensive care unit, from March 2008
to June 2008, participated in this study.

All patients older than 18 years were included. Patients ex-
cluded from the study included those with renal failure and
diabetes because they could have acid-base imbalance
secondary to other causes, patients with a low probability of
surviving due to their baseline condition, end-stage cancer,
and patients who refused to participate in the study.

To standardize data collection, the worse levels of physio-
logic and laboratorial parameters 24 hours before the sur-
gery were used to calculate the SAPS Il score (Simplified
Acute Physiology Score) °, used to determine the severity of
patients’ conditions, as well the ASA (American Society of
Anesthesiologists) classification °.

The SAPS lll score has three parts: a physiologic score with
10 parameters, representing the severity of the disease,
evaluation of patients’ health before hospital admission,
which indicated the pre-morbid condition, and patient location
before admission to the intensive care unit.

Arterial blood gases and measurements of plasma levels of
chloride were obtained at the end of the surgery to classify
both groups. The investigators did not influence patient
treatment in any way.

Patients were followed until the final hospital outcome, and
determined whether patients developed any organic failure.
Data were inserted in an electronic data base (Excel — Mi-
crosoft®) for posterior analysis by a statistical program
(SPSS 13.0).

Initially, the demographic, clinical, and physiological cha-
racteristics of the patients were described. Frequencies and
percentages were calculated to describe categorical para-
meters. Measures of central tendency and dispersion were
used to describe quantitative parameters.

Patients were divided in two groups. Group CH: patients who
developed hyperchloremia at the end of the surgery; and
Group SH: patients with normochloremia. Hyperchloremia
was determined by analyzing the ROC curve (Receiver Ope-
rating Characteristic), i.e., the point of greater sensitivity and
specificity for death was chosen as the limit to differentiate
hyperchloremia from normochloremia.

The ROC curve verifies the predictive ability of a parameter
related with a specific response. It is plotted by calculating
sensitivity and specificity for all points of a specific parameter
in relation to the desired response to determine the optimal
cutting point. In this case, the level of chloride that expressed
better which patients would evolve to death was verified. This
optimal cutting point corresponds to that level that maximi-
zes the sum of specificity and sensitivity. The area under the
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ROC curve is the parameter that determines the discrimi-
natory power of the prediction.

Patients with hyperchloremia (CH group) were compared to
patients without hyperchloremia (SH group) to find the fac-
tors related with the increase in plasma chloride levels and
worse prognosis. The Chi-square test was used for catego-
rical parameters, the Student ¢ test was used for parametric
continuous parameters, and non-parametric continuous
parameters by the Mann-Whitney test. All statistical tests were
bicaudal and a level of significance of 0.05 was used.

The Spearman test was used to identify the correlation bet-
ween metabolic acidosis and chloride.

RESULTS

During the evaluation period, 393 patients, 156 males and
237 females, mean age 66.6 years, were included in the
study. Elective surgeries were more common (91.5%); and
orthopedic surgical procedures were prevalent, representing
33.6% of the cases; general anesthesia was more frequent
(55.5%), followed by neuroaxis block (31.8%) (Table I).

Table | - Patients’ Characteristics

Parameters Characteristics
Age (years) 66.6 + 15.9
Female (%) 62.8
White (%) 82.4
Mortality (%) 10.4
SAPSIII 359 +15.9
Physical status (%)

ASA | 1.7

ASA Il 72.8

ASA Il 155
Need of blood products (%) 13.3
Length of surgery (hours) 40+1.8
Chloride (mEq.L") 112.0 + 6.7
pH 7.31+0.1
Base difference (mmol.L™") -5.6 (-8.3 - -2.2)
Total intraoperative NS administration (mL) 3,000

(2,000 — 5,000)

Total intraoperative volume of colloids 500 (500 — 1,000)

(3 generation) administered (mL)
Length of stay in the ICU (days) 1.0 (1.0-2.0)

Length of hospital stay (days) 10.0 (6.0 — 18.0)

Characteristics in parenthesis represent medians and 25" and
75" percentiles

SAPS Il - Simplified Acute Physiology Score; ICU — intensive care
unit

309



SILVA JUNIOR, NEVES, SANTANA ET AL.

Mean chloride levels, pH, and base excess were similar
in all patients, namely 112.0 + 6.7 mEg.L", 7.31 = 0.09, and
-5.6 + 4.6 mmol.L", respectively.

The area under the ROC curve of chloride levels for hospi-
tal mortality was 0.76 with a cutting point of 114 mEq.L", sen-
sitivity = 85.7%, specificity = 70.1%, p = 0.02 (area = 0.5)
(95%Cl 0.69 - 0.81). Thus, patients with plasma chloride
levels greater than 114 mEq.L"' were considered hyperchlo-
remics (Figure 1).

Patients with hyperchloremia represented 31.7% of the ca-
ses (Figure 2).

Parameters with statistically significant differences bet-
ween patients with and without hyperchloremia according to
the multivariate analysis included: pH, BE, duration of sur-
gery, and crystalloids (NS) administered intraoperatively,
which were more elevated in patients with higher serum
levels of chloride (Table II).

In the dispersion curve, chloride showed an inverse correla-
tion with base excess, r* = 0.67 p < 0.001, suggesting some
type of interaction between those two parameters (Figu-
re 3).

Non-hyperchloremic Hyperchloremic

1,0
|114 mEq/Ll /
0,8
0,6
=
2 Area 0.76
(2]
[
®
0,4
0,2
O’O T T T T
0,0 0,2 0,4 0,6 0,8 1,0
1 - Specificity

Figure 1 - ROC Curve for Chloride Relative to Hospital Death. The most
sensitive and specific level of chloride was 114 mEq.L",
sensitivity = 85.7%, specificity = 70.1%. Area under the curve
=0.76; p = 0.02.
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Figure 2 - Percentage of Patients with Hyperchloremia. Columns
represent the percentage of patients with or without
hyperchloremia.
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Figure 3 - Correlation between Chloride and Base Difference.
r2 = -0.67 p < 0.001 (Spearman test). Plotting is derived from the
chloride levels and base difference found. The central line
represents the tendency for plotting conversion. The other lines
represent the 95% confidence interval.
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Table Il - Univariate Analysis Between Patients with Hyperchloremia and Normal Individuals

Parameters CH (n = 124) SH (n = 269) p
Age (years) 66.3 + 16.9 67.4 +155 0.64
Female (%) 63.2 64.8 0.83
White (%) 76.0 82.2 0.19
SAPS I 34.0 (23.5 — 42.7) 34.0 (26.2 — 45.5) 0.99
Physical status (%) 0.37

ASA | 14.3 9.6

ASA Il 73.2 70.2

ASA Il 12.5 19.2
General anesthesia (%) 60.7 58.3 0.45
Length of surgery (hours) 46+1.8 38+19 0.0001
Chloride (mEq.L") 119.7 £ 4.7 108.6 £ 4.3 0.000
pH 7.27 £ 0.1 7.32 + 0.1 0.001
Base difference (mmol.L™") -7.9 (-104 - -6.1) -4.2 (-7.5--0.7) 0.000
Packed red blood cells (Ul) 20+1.0 21+£0.9 0.830
Plasma (Ul) 20+0,6 23+05 0.340
Total intraoperative administration of NS (mL) 4,250 (2,500 — 6,000) 3,000 (2,000 — 5,000) 0.002
Total intraoperative administration of colloids (mL) 500 (500 — 1,000) 500 (500 — 1,000) 1.00
Length of stay in the ICU 2.0 (1.0-3.0) 2.0 (1.0-3.0) 0.89
Length of hospital stay 13.0 (8.0 — 19.5) 10.0 (6.0 — 18.0) 0.74
Mortality (%) 19.3 7.4 0.001

Characteristics in parenthesis represent medians and 25" and 75" percentiles
SAPS Il - Simplified Acute Physiology Score; ICU — intensive care unit

DISCUSSION

This study showed that intraoperative hyperchloremia is
frequently associated with the administration of large volu-
mes of NS.

A study with patients undergoing large major surgeries, pa-
tients who received NS, 6% hetastarch, and glucose solu-
tions concluded that two thirds of the patients who received
NS developed hyperchloremic metabolic acidosis ''. Other
randomized, double-blind study comparing NS and Ringer’s
lactate in patients undergoing surgeries of the aorta confir-
med those results, and the patients with acidosis required
interventions, such as infusion of bicarbonate, and hyper-
chloremic acidosis was associated with greater adminis-
tration of blood products 2.

A study by Kellum et al. '® suggested another reason for
hyperchloremia by demonstrating in animals that part of the
hyperchloremia could be considered endogenous, i.e., it was
not related with the exogenous infusion or reduction in renal
excretion. Those authors suggested the possibility of
rerouting of chloride among water compartments. Those
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detours could have been more pronounced in those that did
not survive due to the probable more exacerbated inflam-
matory state of those patients.

However, the influence of hyperchloremia on the outcome
of patients is unknown, but the present study demonstrated
higher mortality in this population, even when paired to simi-
lar patients without hyperchloremia.

A randomized, controlled study showed a reduction in the
perfusion of the gastric mucosa determined by gastric
tonometry " in patients with hyperchloremic acidosis. Besi-
des, hyperchloremia itself has deep effects on the synthesis
of eicosanoids released in renal tissue causing vasocons-
triction and reducing glomerular filtration rate ™, which could
also explain the reduced gastric perfusion mentioned above
and the worst prognosis.

Besides, animal studies demonstrated that chloride works
as a modulator of oxygen transport in the blood, i.e., chlo-
ride reduced the affinity of oxygen by hemoglobin . Gustin et
al. '8, studying bovines determined that, in normal conditions
(pH 7.4, PCO, 40 Torr, temperature 37° C), chloride modula-
ted oxygen binding by erythrocytes, shifting the oxygen dis-
sociation curve to the right.
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In sepsis models in rats, hyperchloremia can also worsen
hypotension, which is partially mediated by nitric oxide ',
and in experimental models of sepsis, a reduction in survival
was observed when crystalloid solution were used when
compared with synthetic colloid solutions .

This study demonstrated a strong inverse relationship
between metabolic acidosis and hyperchloremia, i.e., lower
BE are associated with higher plasma levels of chloride,
which is caused by the reduction in strong anion gap, i.e., the
excessive increase of chloride in the plasma, as well as ex-
cessive renal excretion of bicarbonate.

However, hyperchloremic acidosis is the main adverse effect
when large volumes of NS are administered, and the actions
taken to control this abnormality are often more harmful be-
cause acidosis is frequently considered a reflex of poor per-
fusion or poor myocardial function, and the negative base
difference may indicate the need to administer more NS,
exacerbating the acidosis, use of blood products, inotropic
support, and mechanical ventilation 92,

Historically, hyperchloremic metabolic acidosis has been
considered a “necessary evil’ due to the importance of volu-
me resuscitation in critical patients; however, especially in
patients with comorbidities, such as renal disease, that are
commonly associated with acidosis, solutions like Ringer’s
lactate are sometimes preferable instead of NS, and pro-
tocols of balanced fluid resuscitation are safer and recom-
mended instead of fast infusions of NS.

Hyperchloremic acidosis is frequently iatrogenic, and it is
associated with a worse prognosis and, therefore, should be
avoided whenever possible by using other fluids for volume
replacement.
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RESUMEN
Silva Junior JM, Neves EF, Santana TC, Ferreira UP, Marti YN, Silva
JMC - Importancia de la Hipercloremia en el Intraoperatorio.

JUSTIFICATIVA Y OBJETIVOS: La hipercloremia asociada a la aci-
dosis, proporciona una evolucion peor en los pacientes si no se
identifica a tiempo y si no se trata correctamente. El objetivo de este
estudio, fue verificar la importancia de la hipercloremia en el intra-
operatorio.

METODO: Estudio de cohorte prospectivo, durante cinco meses.
En el estudio se incluyeron pacientes con edad igual o mayor a 18
afios, sometidos a intervenciones quirdrgicas con postoperatorio
en unidad de cuidados intensivos. Fueron excluidos los moribundos,
diabéticos y con insuficiencia renal. Los pacientes se dividieron en
dos grupos: CH (hipercloremia) y SH (sin hipercloremia). La deter-
minacion de hipercloremia, fue a través de andlisis de curva ROC
(Receiver Operating Characteristic), o sea, el punto con mayor
sensibilidad y especificidad para obito fue escogido como limite
para diferenciar entre la hipercloremia o no.
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RESULTADOS: E| estudio contd con 393 pacientes. Las concen-
traciones séricas de cloro fueron 111,9 + 6,7 mEq.L-1, pH 7,31 +
0,09 y diferencia de bases de -5,6 + 4,6 mmol.L-1. El drea bajo la
curva ROC de los valores de cloro fue de 0,76 con punto de corte
de 114 mEq.L-1, sensibilidad = 85,7% y especificidad = 70,1%. Los
pacientes con cloro mayor que 114 mEq.L-1 totalizaron un 31,7%
y fueron determinados como grupo CH. El grupo CH presentd una
mayor mortalidad que el grupo SH, un 19,3% versus 7,4%, p =
0,001, acidosis metabdlica pH 7,27 (0,08) versus 7,32 (0,09) p =
0,001, diferencia de bases -7,9(3,8) mmol.L-1 versus -4,2(4,6)
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mmol.L-1 p < 0,001, tiempo quirdrgico 4,5 (1,8) h versus 3,6 (1,9) h
p = 0,001 y cantidad de cristaloides en el intraoperatorio 4250
(2500-6000) mL versus 3000 (2000-5000) mL, p = 0,002. No hubo
otras diferencias entre los grupos.

CONCLUSIONES: La hipercloremia tiene una alta incidencia al
término del Intraoperatorio, y estd asociada a la acidosis metabdli-
ca, mayor tiempo quirtrgico, mayores cantidades de fluidos crista-
loides y a una mayor mortalidad en el postoperatorio.
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