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Abstract

Background: In patients undergoing surgery, acid-base imbalance during general anesthesia causes disruption
in the function of cardiovascular, respiratory, musculoskeletal and the central nervous system. Since the potential
complications of acid-base disturbances are serious, we decided to explore these changes and related causes
so that prevention and compensation would be feasible.

Methods: In this study, acid-base disruption and its causes during general anesthesia were studied in 60 pa-
tients. The patients were divided into three groups based on the location of surgery: abdominal (1), extremities
(1), and head and neck (lll). Body central temperature, type, and volume of injected fluids and bicarbonate (as
needed) were recorded. In the second, third, and fourth hours of surgery, arterial blood gases and pH were
measured.

Results: The incidence and degree of metabolic acidosis in all patients were significantly related to the duration
of the surgery. The number of patients with acidosis and the number of patients requiring treatment were also
greater in groups | and Il than in group lll. Although all patients became hypothermic during the surgery, there
was no significant relationship with development of acidosis. No relationship was found between the type and
volume of the solution administered and development of acidosis.

Conclusion: In our opinion, monitoring of acid-base status in prolonged surgeries especially in abdominal and

extremity operations seems necessary.
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Introduction

All living organisms need to keep the acid-base bal-
ance and oxygenation to survive. The acid-base ba-
ance regulation is dependent on the concentration of
H+ and Hco3 ions in the body fluids. In a healthy
and consc ous person, the compensatory mechanisms
act to keep the acid-base ba ance appropriate for nor-
mal enzymes activities, dectrolytes diffusion, hemo-
globin saturation and cardiac contraction power.
Theseall lead to normal functioning of vital organs.*
In patients undergoing surgery through genera
anesthesia, acid-base disturbances have been
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frequently seen. In one study, about 50% of patients
under general anesthesia were affected with metabolic
alkaosis; however, other acid-base changes are not
prevalent.? Both the patient and anesthesiol ogist were
aware that the heathy people might be at vital risk
during anesthesia® Fear about these events has
caused utilization of different instruments to prevent
it.> Patient monitoring has been a key aspect of anes-
thesiology since its beginning as a medical specialty
as anesthesiology has grown more sophisticated and
complex, so have the monitors and data that they pro-
duce* Nowadays, the acid-base monitoring is only
done in specia occasions and not routingly for all
patients with genera anesthesia, and its necessity has
not been assessed so far.

Since the potential complications of acid-base dis-
turbances are serious and assessment in critical occa
sions is impossible, we decided to explore these
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changes and rdated causes so that prevention and
compensati on woul d be feasible.

Materials and Methods

In this descriptive study, sixty 15-50 years old ASA
Class | pdients who came to the operating room of
Bagiyatalah (as) hospitd and were predicted to have
more than 2 hours of surgery were enrdled. They were
divided into three surgery groups. head and neck, ex-
tremities and abdomen with 20 patients in each. Petients
with a change in blood pressure (BP) more than 30% of
base intestind readiness before surgery, nasogastric
tube, blood transfusion during surgery, with limbs tour-
niquet or a need to decrease Paco2 beow 35 mmHg
were excduded. The patients were examined and visited
the night before surgery and their consent was taken.

The monitoring of ECG, BP, and pulse oxymetry
(Rs232 instrument) were done after the patient was
transferred to the surgical bed. For al patients, the
Drager Sulla 909 anesthesia machine equipped with
capnograph was used. All the patients received a nar-
cotic premedication based on their need, and then a
thermometer probe with a disposable cover was put in
the nasopharynx. The patients’ basic central tempera
tures were recorded as the zero time temperature. An-
esthesia was induced using sodium thiopental (5
mg/kg), and succinyl choline (1.5 mg/kg) to facilitate
intubation. Maintenance of anesthesia was done with
halothane (proportionate with the patients’ hemody-
nami ¢ status), N,O (50%) and O, (50%). Pancronium
was used to provide muscular pardysis during sur-
gery based on the patient’s need. Respiration was
controlled to keep the ventilation based on ETCO,
between 30-40 mmHg (PaCo,=35-45 mmHg). All the
patients had norma ventilation and any hy-
per/hypoventilation was prevented. BP was recorded
on arrival to the operation room, before and after in-
duction of anesthesia, after intubation, and then every
5 minutes. Temperature was monitored continuously,
before and after induction of anesthesia, and then
every 15 minutes. They were recorded in a question-
naire by the researcher or a colleague.

The amount and type of the fluids that patients re-
celved at each hour were recorded based on kg/h. In
the 2™ hour of anesthesia, every 1 hour, an arterial
blood sample was taken to be analyzed for blood
gases and assessed for acid-base status and the results
were recorded in the questionnaire. Metabolic acido-
siswas considered if pH<7.35, Hco3 <20 mmol/l and
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BE<-2 meg/l in arterial blood; and if pH<7.2 or
BD>7 meg/l. The patient's acidosis was corrected
with sodium bicarbonate as follows:

0.2xdeviation in plasma bicarbonate concentra
tionxweight (kg)=sodium bicarbonate deficit (meq).
Hadlf of the calculated dose was administered as intra-
venous sodium bicarbonate in 15 minutes and the ad-
ministered bicarbonate dose was recorded in the ques-
tionnaire as meg/kg. Non-parametric statistical tests
such as Kruskall-Wdlis, McNemar and Chi-Square
(exact as needed) were used to andyze the data. A P
value less than 0.05 was considered significant.

Results

Among the 60 patients enrolled, 2 cases of head and
neck group were excluded because of unpredicted
need to hypotension more than 30%; thus, 58 patients
were finally assessed.

The patients were 35 males (60.3%) and 23 fe-
males (39.7%). The average surgery time was 3 hours
and 11 minutes (SD=37 min). There was no signifi-
cant difference between the duration of different sur-
gica operations (P>0.05). There was a 0.42°C de-
crease in body central temperature of basic, 2 hours
after the initiation of operation, whileit was 0.39 and
0.27 at the third and fourth hours after operation, re-
spectively. Although temperature decreased accord-
ing to the time, it did not follow any specia pattern.
At the second, third and fourth hours, 37, 42, and 11
patients received normal saline and 21, 10, and 3 per-
sons received ringer solution. No significant differ-
ence was seen between pati ents who received normal
saline, ringer or a combination of both (P>0.05).

Thirty six patients (62%) were affected with acidosis
until the 2 hour and 22 (38%) had no change in pH.
Forty beight petients (83%) were affected with acidosis
until the 3 hour and 48 (83%) until the 4™ hour. There
was a significant difference in the incidence rate of adi-
dosisinthe 2™ and 3¢ hours after anesthesia (P<0.001).

Seventeen patients (85%) underwent abdominal
surgery and developed acidosis until the 2™ hour
while 4 and 15 (22% and 75%) patients undergoing
head and neck and extremities surgeries were affected
respectivey.

There was a significant difference between the
type of surgery and acidoss (P<0.001) (Table 1).
This difference was between head and neck surgery
group with two others but no difference between
those two other groups was discovered.
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Tablel: Frequency of patients developing acidosis in the 2", 3", and 4™ hours after anesthesia based on the lo-

cation of surgery

Location of surgery Abdomen Extremities Head and neck P value
Hours No. (%) No. (%) No. (%)

2nd 17 (85.0) 15 (75.0) 4 (22.2) 0.001
3rd 19 (95.0) 17 (85.0) 12 (66.7) 0.08
4th 19 (95.0) 17 (85.0) 12 (66.7) 0.08

Ninteen patients (95%) undergoing abdomina sur-
gery developed aci dosis until the 3 hour after theinitia-
tion of the surgery while 12 and 17 (67% and 85%) pa-
tients undergoing head and neck and extremities surger-
ies developed acidosis until this time, respectively.

There was no significant difference between the lo-
cation of surgery in relation to acidosis until the 3
hour after initiation of the surgery (P=0.077) (Table 1).
Only one patient (5%) with dbdominal surgery did not
develop acidosis until the 4™ hour while 6 and 3 (33%
and 15%) from head and neck and extremities surgery
groups were so, respectively. There was a significant
difference between the location of surgery in reation
to acidosis until the 4™ hour (P=0.007) (Table 1).

There was a significant difference between the loca-
tion of surgery and the need to bicarbonate in the 2™
hour (P=0.017) (Table 2). A significant difference was
observed between head and neck surgery with the two
others but no difference was noticed between those two
groups. Sixteen patients (80%) with abdomina surgery
and 15 patients (75%) with surgery on extremities re-
quired to receive bicarbonae until the 3 hour, while
only 9 patients of thethird group (50%) were so.

There was no significant difference between the
need to bicarbonate and the kind of surgery until the
3 hour (P=0.105) (Table 2). Sixteen patients (80%)
in each of the abdominal and extremities surgery
groups needed bicarbonate until the 4™ hour while
only 10 patients (55%) in head and neck group did so.
There was no significant difference between the need
to bicarbonate and the type of surgery in the 4™ hour
(P=0.56) (Table 2).

From 48 patients (83%) affected with hypother-
mia, 27 patients (56%) required bicarbonate until the
2" hour and 21 (44%) did not require it. From 10 pa-
tients (17%) not affected with hypothermia, only 2

(20%) required bicarbonate and 8 (80%) did not. Al-
though a difference was visible but statistical tests
showed no difference. There was no significant corre-
lation between the body central temperature and aci-
dosis at the 2™ and 3" hours (P=0.073). Twenty nine
patients (50%) at the 2" hour needed bi carbonate and
the same number did not. There was no significant
correlation between the intake of fluids until the 2™
hour and the need to bi carbonate (P=0.352).

Forty patients (68%) needed bicarbonate until the
3 hour and 18 (32%) did not. There was no signifi-
cant correlation between the intake of fluids until the
3 hour and the need to bicarbonate (P=0.438). Forty
two patients (72%) needed bicarbonate until the 4™
hour while 16 (28%) did not. There was no signifi-
cant correlation between the intake of fluids until the
4™ hour and the need to bicarbonate (P=0.203).

Discussion

This study showed that the patients undergoing inha-
lation anesthesia are affected with metabolic acidosis
which has a relaion with the surgery duration. As
duration increases, pH decreases significantly. Also,
the prevalence of these changes has a relationship
with the location of surgery. These changes are sig-
nificantly higher in abdominal and extremities surger-
ies than head and neck surgery.

We could not find any study about acid-base
changes during general anesthesia in the related lit-
erature. However, the contributing factors on acid-
base disturbances in conscious patients were assessed
in some studies. Kulkarni and Webster found that
metabolic dkalosis is the most common acid-base
abnormality in very sick patients. They quoted from

Table 2: Frequency of acidotic patients requiring treatment in the 2", 3", and 4" hours after anesthesia based on

the surgery location

Location of surgery Abdomen Extremities Head and neck P value
Hours No. (%) No. (%) No. (%)
2nd 13 (65.0) 15 (60.0) 4 (22.2) 0.02
3rd 16 (80.0) 15 (75.0) 9 (50.0) 0.11
4th 19 (95.0) 17 (85.0) 12 (66.7) 0.16
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another article that about 50% of the patients under-
going general anesthesia are affected with metabolic
alkalosis after surgery and other acid-base changes
are uncommon.?

About the kind and amount of the fluids received by
patients, asit ismentioned in Miller anesthesiatextbook,
the adminigtration of high volumes of normal sdine
causes a metabolic acidosis in paients In the study
done by Hayhoe and Bdlamo, metabdlic acidosis dueto
administration of normal saline was indicated as preop-
erative dose dependent.® Hirota and Kuze showed that
ringer lactate during resuscitation with fluids had been
effectiveto prevent metabalic acidosis.®

In the current study, no significant difference was
seen between patients who received norma sdine,
ringer or a combination of both, being opposite the
research assumption. About changes in the body cen-
tral temperature and its relation with acid-base distur-
bances under anesthesia, in the range of norma
changes in central temperature under general anesthe-
sia, no human study has been done. In an animal study
by Palacios and Alfaro with two anesthesia methods on
rabbits, obvious changes were not seen in acid-base
amounts between hypotherm and normotherm groups.”

In another study a few years later, these two re-
searchers showed that in hypothermia, pH and Hco3™
had been decreased more, maybe due to accumul ation
of endogen acids in the plasma accompanied by gath-
ering of acidotic products due to the metabolism of
anesthesia drugs (such as Y orthan) caused by acute
rena falure, as indicated by researchers.® But in the
current study in which the central temperature re-
duced 42%°C, 39%°C, and 27%°C after 2", 3, and
4™ hours, respectively, the changes did not follow a
definite pattern and the relati on between hypothermia
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and deveoping acidosis was not significant . This
might be due to a decrease in the rate of metabolism
8% for each 1°C decrease in temperature, being fre-
quently indicated in textbooks.*

We thought that higher preva ence rate of acidosis
in abdomina surgeries is due to intestinal exposure
followed by an increased evaporation and loss fluids
to the third space and the higher need to parenteral
fluids to keep hemodynamics followed by a more de-
creased temperature in this group; however, statistical
tests did not proveit.

Since the rdation between acidosis and changes in
central temperature, kind and amount of received fluids
was not significant, we suppose that other factors except
the above mentioned factors contribute to more acidosis
in abdomind surgery group. So, in inhdation anesthesia
method (inhdation of Halothane and N20O), metabadlic
acidosisis a common result and acidosi s cases requiring
the trestment with bicarbonate are abundant.

Thus, we suggest that acid-base monitoring is
done in prolonged surgica operations. Obviously the
above mentioned acid-base changes occur during in-
halation anesthesia method, i.e. using N20O, 02, and
inhalative Hal othane. Therefore, aci d-base changesin
other anesthesia methods such as TIVA, spinal, epi-
dural and/or anesthesia with other inhalation drugs
require another investigation.
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