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INTRODUCTION

Changes in pulmonary function common-

ly occur after general surgery.” These changes
include decreased lung volume ranging from
25% to 60%,® decreased tidal volume (TV),

increased respiratory frequency,’ gas exchange

changes with decreased partial oxygen pres-

%1 and decreased mucociliary clearance.’

sure
These changes occur more intensely in surgery
involving the abdominal and thoracic cavity,
and they contribute towards the development
of pulmonary complications."*"
Craniotomy is considered to be peripheral
surgery. It is commonly said that surgery that
does not involve incision of the abdominal or
thoracic cavities has fewer effects on postop-
erative pulmonary function, with lower inci-
dence of pulmonary complications.>*"> As far
as we know, there are no studies reporting on
postoperative lung volume follow-up among

patients who underwent craniotomy.

OBJECTIVE

The aim of this study was to prospectively
study a group of patients who underwent
elective craniotomy for tumor resection or

aneurysm clipping, in order to analyze the
changes in pulmonary function and pos-
sible associations between the changes in
vital capacity, tidal volume, minute volume
and respiratory rate, neurological diseases and
surgery duration.

METHODS
This study was conducted among patients

who underwent elective craniotomy because
of a tumor or arterial aneurysm, under general
anesthesia. This study was approved by the
Ethics Committee for Human Research of
Universidade Federal de Sao Paulo — Escola
Paulista de Medicina (Unifesp-EPM).

The study patients maintained spontaneous
ventilation and a consciousness level of P2 R1 D1

V1, according to the Jouvet Scale,'® during the
postoperative period. This consciousness level is
considered to be within normal limits. The Jouvet
Coma Scale (JCS) was used in this study instead
of the Glasgow Coma Scale (GCS) because JCS
shows better sensitivity to consciousness levels
close to normal, while GCS is more sensitive for
intense loss of consciousness.!”

Forty patients were evaluated and 26
of them were included in the study. Among
the 14 patients excluded, one suffered brain
death immediately after surgery, seven pre-
sented diminished consciousness level after
the operation, which prevented the ventilation
measurements, and six remained on mechani-
cal ventilation for more than 24 hours.

All the patients included were evaluated
and followed up by the same investigator,
who knew the type of surgery that the pa-
tients were undergoing. The evaluation was
done according to a standardized evaluation
chart consisting of clinical history, physical
examination and ventilation measurements
using an Ohmeda ventilometer (model RM
121, Ohmeda, Japan). The clinical history was
obtained in order to determine the presence of
respiratory symptoms, pulmonary disease and
smoking habit at the time of surgery.

The ventilation measurements were made
before the operation and from the first to the
fourth postoperative day, and included vital
capacity (VC), tidal volume (TV), minute
volume (VE) and respiratory rate (RR). These
measurements were made with the patient
positioned in dorsal decubitus at 45 degrees,
a position in which patients are usually kept
during the postoperative period.

The patients were followed up daily,
and physical examinations with ventilation
measurements were performed. Respiratory
physiotherapy involving bronchial hygiene
maneuvers and pulmonary expansion exercises
was administered from the immediate post-
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ABSTRACT

CONTEXT AND OBJECTIVE: Changes in pulmo-
nary function commonly occur after general
surgery. The aims were to evaluate vital capacity,
tidal volume and respiratory frequency among
patients undergoing elective craniotomy and
to determine possible correlations of these
parameters with surgery duration and etiology
for neurosurgery.

DESIGN AND SETTING: Prospective, open study

at a fertiary university hospital.

METHODS: Twenty-six patients underwent elective
craniotomy for aneurysm clipping (11) or tumor
resection (15). Vital capacity (VC), tidal volume
(TV), minute volume (VE) and respiratory rate
were determined before the operation and on
the first to fourth postoperative days.

RESULTS: There were significant decreases
of 25% in VC, 22% in TV and 12% in VE
(p < 0.05) and no significant increase in respira-
tory frequency (5%) on the first postoperative day.
VE returned to baseline on the second postopera-
tive day and TV on the third postoperative day,
while VC was 8% lower on the fourth postopera-
tive day, compared with before the operation
(p < 0.05). VC reduction was significantly greater
in patients undergoing aneurysm clipping (43%)
than in patients undergoing fumor resection (14%)
when surgery duration was more than four hours
(p < 0.05), with no significant change when
surgery duration was less than four hours.

CONCLUSION: Reductions in VC, TV and VE
were observed during the postoperative period in
patients undergoing aneurysm clipping or tumor
resection. The reductions in VC and TV were
greater in patients undergoing craniotomy due to
aneurysm and with longer surgery duration.

KEY WORDS: Craniotomy. Vital capacity. Postop-
erative complications. Neurosurgery. Respiratory
function tests.
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operative period untdl discharge or the occur-
rence of death during hospitalization. Patients
were advised to start walking again at an early
stage. There were no contraindications for
physiotherapy among these patients. Moreo-
ver, they presented normal consciousness levels
and were able to undergo the therapy.

The patients were medicated with analgesics
before and after the operation. This was done
step by step, based on each patient’s intensity
of pain, subjectively. The patients were initially
medicated with an anti-inflammatory drug
(tenoxicam); if they complained of pain, the
medication sequence continued with amitriptyl-
ine, then carbamazepine, chlorpromazine and

finally an opioid (tramadol). Before ventilom-
eter measurements, the patients were asked
about pain and, if necessary, were medicated.
All medications were given orally, and the
doses of analgesic were enough to keep pa-
tients comfortable.

The data were statistically analyzed by
analysis of variance for repeated measure-
ments, Friedman rank analysis of variance
and the Mann-Whitney test, with the level of
significance set at 5% in all cases.

RESULTS
The demographic characteristics of the
26 patients are shown in Table 1. None of

Table 1. Demographic characteristics of the 26 patients included in the study

Characteristics Patients
Gender

Male 13

Female 13
Mean age (years)

Male (mean + SD) 40+ 17

Female (mean + SD) 37 +12
Smokers 6

Pack-years (mean = SD) 19+ 13
Former smokers 8

Pack-years (mean + SD) 19 +22
Non-smokers 12
Mean surgery duration (mean * SD in minutes) 274 £ 108
Orotracheal intubation (mean % SD in hours) 16 +5

Pack-years = number of cigarettes per day divided by 20 and multiplied by the number of years for which the individual has

been smoking; SD = standard deviation.
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Figure 1. Comparison of vital capacity (VC), tidal volume (TV), minute volume (VE) and
respiratory rate (RR) values on the preoperative period (PRE) and on the first, second, third
and fourth postoperative days (POD) for 26 patients who underwent craniotomy because
of aneurysms or tumors, in comparison with preoperative values.
Values are reported as A% = postoperative - preoperative x 100

preoperative
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the patients studied presented respiratory
symptoms or pulmonary disease at the time
of surgery, based on the absence of respira-
tory symptoms.

All postoperative VC measurements
showed significant decreases (p < 0.05) in
relation to preoperative values: decreases
of 25 £ 15%, 19 + 14%, 13 + 11% and
8 + 8% on the first to fourth postoperative
days respectively. There were significantly
decreased TV measurements of 22 £ 11%
on the first postoperative day, 14 + 8%
on the second and 13 £ 10% on the third
p<0.05), whereas the TV decrease of 6 £ 15%
on the fourth postoperative day was non-sig-
nificant (p > 0.05). VE was significantly lower
(p < 0.05) only on the first postoperative
day (12% + 24 %). RR did not differ
significantly from before to after the opera-
tion, although it was 5 + 19%, 6 + 33%,
11£39% and 12 + 33% higher on the first
to fourth postoperative days respectively
(Figure 1).

To determine whether duration and type
of surgery were related to the decreases in VC,
TV and VE, the patients were divided accord-
ing to the median duration of surgery (four
hours) and the neurological diseases that
were the reason for the surgery (aneurysm
or tumor). Thus, two groups were formed:
the first with surgery duration exceeding four
hours and consisting of six patients with a
diagnosis of aneurysm and six patients with
a diagnosis of tumor; and the second with
surgery duration of four hours or less and
consisting of five patients with a diagnosis of
aneurysm and nine patients with a diagnosis
of tumor.

The patients who underwent crani-
otomy because of a tumor whose surgery
lasted for more than four hours, showed de-
creased VC (p < 0.05) on the second, third
and fourth postoperative days (15 + 12%,
18 + 12% and 15 + 9% respectively) while
the patients who underwent craniotomy
because of a tumor whose surgery lasted for
less than four hours presented decreased
VC (p < 0.05) on the first and second
postoperative days (25 + 9% and 13 + 5%
respectively). The patients who underwent
aneurysm clipping whose surgery lasted for
more than four hours showed a greater de-
crease in VC (p < 0.05) on the first, second
and third postoperative days (43 + 13 %,
37 + 12% and 22 + 11% respectively)
than did the patients with shorter sur-
gery duration, with decreases of 18 =
14%, 13 + 10% and 9 + 8%, respectively
(Figure 2).




There was no relationship between surgery
duration and reduction in TV among the pa-
tients who underwent craniotomy because of a
tumor. The patients who underwent aneurysm
clipping were found to present significantly
decreased TV (26 + 7%) on the first postopera-
tive day (p < 0.05) when the surgery duration
was more than four hours, in comparison with
patients whose surgery duration was less than
four hours (11 + 7%) (Figure 3).

With regard to VC after surgery last-
ing more than four hours, patients with
aneurysm clipping showed a significantly
greater reduction on the first and second
postoperative days (43 = 13% and 37 =
12%) than did the patients who underwent
craniotomy for tumor resection (14 + 6%
and 15 + 12%) (p < 0.05). The reduction
in VC observed after surgery for aneurysm
clipping did not differ from what was
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observed for tumor resection when the
surgery duration was less than four hours
(Figure 4).

Comparing the TV values for surgery
lasting less than four hours, a more signifi-
cant reduction (p < 0.05) was observed on
the first postoperative day in patients who
underwent tumor resection (25 + 11%)
than in patients who underwent aneurysm

clipping (11 + 7%).
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Figure 2. Comparison of vital capacity before surgery (PRE) and on the first, second, third and fourth postoperative days (POD) for
11 patients who underwent craniotomy because of brain aneurysms and 15 patients who underwent craniotomy because of brain
tumors, with surgery duration greater than or less than four hours.
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Figure 3. Comparison of tidal volume before surgery (PRE) on the first, second, third and fourth postoperative days (POD) for 11
patients who underwent craniotomy because of brain aneurysms and 15 patients who underwent craniotomy because of brain
tumors, with surgery duration greater than or less than four hours.
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No changes in VE were detected be-
tween patients undergoing tumor resection
or aneurysm clipping with the same surgery
duration.

No significant difference in respiratory
rate was observed between the preoperative
and postoperative evaluations when the
26 patients were divided according to duration
and type of surgery. Likewise, no significant
difference in respiratory rate was observed
between patients undergoing aneurysm clip-
ping or tumor resection with the same surgery
duration. There was also no difference in
pulmonary function between smokers and
non-smokers.

DISCUSSION
The present study demonstrated that

there were changes in pulmonary function in
patients who underwent craniotomy because
of a tumor or aneurysm. These changes con-
sisted of significant decreases (p < 0.05) in VC
(25%), TV (22%) and VE (12%) and a non-
significant increase in respiratory frequency
(5%) on the first postoperative day.

The changes in VC and TV observed
in the present study were similar to those
observed in patients undergoing lower ab-
dominal surgery*® and open fundoplication
surgery.' In these situations, the fall in VC re-
sults from a combination of factors, including
the action of the anesthetics, diaphragmatic
paresis, immobility in bed and postoperative
pain.” On the other hand, different results
have been found among patients undergoing
thoracic'®* and upper abdominal surgery.'

The duration of the changes in VC and

TV that we saw was also similar to changes

that have been observed in lower abdominal
surgery.*>*! We found that, although VC and
TV were still 8% and 6%, respectively, below
preoperative values on the fourth postopera-
tive day, there was a clear trend towards return-
ing to these preoperative values.

The reduction in volumes among patients
undergoing craniotomy may be explained by
the longer surgery duration required for these
cases than for other types of peripheral surgery,
since theoretically there is no diaphragmatic
alteration or limitation of chest movements
or of the abdominal cavity during respiration
after this type of surgery.

It is possible that anesthesia played
some role in determining the changes in
pulmonary function observed. It is known
that anesthetic agents and techniques not
only boost the depression of the respira-
tory center but also interfere with intrac-
ranial pressure, since they lead to changes
in cerebral blood flow, cerebrospinal fluid
dynamics and brain edema production.
This increase in intracranial pressure causes
a reduction in cerebral perfusion pressure,
thereby generating ischemic areas and con-
sequently changes in brain metabolism and
respiratory patterns.?*?*

Among the patients who underwent
aneurysm clipping, the reduction in VC
was greater (p < 0.05) than among those
whose surgery duration exceeded four hours
(43%) compared to the reduction observed
in patients with a surgery duration of four
hours or less (19%). This result permits us
to state that surgery duration was one of the
factors that induced the greatest reduction
in VC in this group of patients.
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Figure 4. Comparison of vital capacity before surgery (PRE) and on the first, second, third and
fourth postoperative days (POD) for 14 patients who underwent craniotomy because of brain
tumors (n = 6) and brain aneurysms (n = 6), with surgery duration greater than four hours.
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However, in the patients who underwent
craniotomy for tumor resection, the decrease in
VC was inversely correlated with surgery dura-
tion, contrary to what was expected. Patients
with surgery duration of four hours or more
presented a 14% decrease in VC, while those
with surgery duration of four hours or less pre-
sented a 25% decrease in VC (p < 0.05).

This unequal influence of surgery dura-
tion on the results from craniotomy because
of aneurysms or tumors may perhaps be
explained by the difference in the specific sur-
gical procedures performed in the two groups
of patients. Aneurysm clipping is performed
using microsurgical techniques and usually
85% of the aneurysms are located in the large
base vessels, which leads to deeper manipula-
tion of the encephalic parenchyma than does
the removal of expansive processes.”” Cerebral
vasospasm may occur in 70% of patients dur-
ing the first two weeks after bleeding caused
by ruptured aneurysms.?® Thus, vasospasms
may or may not be symptomatic and they
are responsible for a large proportion of the
morbidity and mortality due to ruptured
aneurysms.”? The reduction in blood flow
following vasospasm may lead to neural meta-
bolic changes and consequently to changes in
respiratory patterns. However, in the present
study all the operations for aneurysm clipping
were performed after the critical period of va-
sospasm formation, which rules out any effect
from this complication in relation to triggering
changes in respiratory patterns.

Manipulation of the encephalic paren-
chyma to remove an expansive intracranial
process leads to acidosis of cerebrospinal
fluid pH, a parameter that demonstrates the
occurrence of changes in neuronal metabo-
lism.” These changes in neuronal metabo-
lism occurring postoperatively in patients
undergoing craniotomy because of tumors
have been reported by Ducker and Redding?®
to be one of the causes of changes in respira-
tory patterns. This may partially explain the
changes in pulmonary function detected
postoperatively in patients who underwent
craniotomy because of tumors.

The present observation of changes in
pulmonary function during the postoperative
period in patients who underwent craniotomy
because of aneurysms or tumors indicates
the potential of this type of surgery for trig-
gering the onset of pulmonary complications
during the postoperative period. The occur-
rence of changes in pulmonary function dur-
ing this period in such patients, together with
the severity of the disease itself, increases the
possibilities for pulmonary complications.




Indeed, due to the severity of the disease,
and regardless of the type of surgery per-
formed, patients may present changes in
respiratory pattern, reduction of consciousness
level, modification of the bacterial flora and
neurogenic changes that favor the develop-
ment of pulmonary complications.>?!*%

Thus, in view of the susceptibility of this
group of patients to the development of post-
operative respiratory complications, the indi-
cation of physiotherapy before and after the

operation is justified, since several studies have
confirmed the efficiency of such treatment for
reducing pulmonary complications in patients

undergoing abdominal surgery.>*%’

CONCLUSIONS
In summary, the present study showed

that, among patients undergoing craniotomy,
VC and TV are lowered at least up to the
fourth postoperative day and VE is lowered
up to the second postoperative day. Surgery
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duration of more than four hours for patients
undergoing craniotomy because of aneurysms
caused a greater decrease in VC and TV than
seen among patients whose surgery lasted
for less than four hours. The reduction in
pulmonary volumes was greater for patients
undergoing craniotomy because of aneurysms
with surgery duration exceeding four hours,
while there was no difference between tumor
and aneurysm for surgery duration of less
than four hours.
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RESUMO

Estudo pés-operatério da capacidade vital e ventilacdo em craniotomia eletiva

CONTEXTO E OBJETIVO: Apés cirurgia é comum ocorrerem alteragdes na fungdo pulmonar. O obijetivo
foi avaliar a evolugdo da capacidade vital, do volume corrente e da freqiiéncia respiratéria em pacientes
submetidos a craniotomia eletiva e determinar uma possivel correlagdo dessas varidveis com o tempo de
cirurgia e a causa da neurocirurgia.

TIPO DE ESTUDO E LOCAL: Prospectivo aberto realizado em hospital universitério tercidrio.

METODOS: Vinte e seis pacientes submetidos a craniotomia eletiva para clipagem de aneurisma (11) ou
resseccdo de tumor (15). A capacidade vital (CV), o volume corrente (VC), o volume minuto (VM) e a
freqiiéncia respiratéria (FR) foram determinados durante o periodo pré-operatério e do primeiro ao quarto
dia do pés-operatério (PO).

RESULTADOS: Houve uma redugdo significante de 25% no CV, 22% no VC e 12% no VM (p < 0,05) e
aumento ndo significante da FR (5%) no primeiro dia de PO. O VM retornou ao normal no segundo PO e
o VC no terceiro PO, enquanto a CV continuou 8% menor no quarto PO comparado com o periodo pré-
operatério (p < 0,05). A reducdo na CV foi significantemente maior em pacientes submetidos a clipagem
de aneurisma (43%) do que em pacientes submetidos a ressecgdo de tumor (14%) quando o tempo de
cirurgia foi maior que quatro horas (p < 0,05), sem apresentar diferenga quando o tempo cirdrgico foi
menor que quatro horas.

CONCLUSOES: A reducdo na CV, VC e VM foi observada durante o periodo pés-operatério em pacientes
submetidos a clipagem de aneurisma ou resseccéo de tumor. A redugdo na CV e no VC foi maior em
pacientes submetidos a craniotomia por aneurisma com tempo cirirgico mais longo.

PALAVRAS CHAVE: Craniotomia. Capacidade vital. Complicagdes pds-operatérias. Neurocirurgia. Testes
de fungdo respiratéria.




