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Purpose: To assess the incidence and characteristics of early postoperative complications in patients following
neurosurgical procedures.

Methods: Ali patients undergoing neurosurgery during a four month period were followed postoperatively for
up to four hours in the post anesthetic care unit or intensive care unit. Patient information and all complications
were documented by the investigators on a standardized form. Complications were classified as respiratory, car-
diovascular, nausea and vomiting, shivering and other. Risk factors analyzed for the occurrence of complications
included age, sex, ASA status, type of surgery, elective or emergency surgery and postoperative placement.

Results: Four hundred eighty six adult patients were followed, but in 55 patients the trachea remained intubated
during the four hour study pericd and they were eliminated from the analysis of postoperative complications. At least
one complication occurred in 54.5% of the remaining 43| patients. Respiratory problems occurred in 2.8%, trau-
ma to the airway in 4.4%, cardiovascular complications in 6.7%, neurological in 5.7% and nausea and/or vomiting
in 38%. The highest incidence of patients with complications was during spine (65%) and vascular (66%) surgery,
compared with tumour (47%) and other (43%) surgery, P < 0.05. Other risk factors included age < 70 yr for nau-
sea and vomiting (P < 0.02), and elective surgery for spine and vascular surgery (P < 0.001).

Conclusion: There was a high incidence of early postoperative complications in neurosurgical patients. The most
common problem was nausea and vomiting especially in the younger patient undergoing elective spine surgery.

Objectif : Evaluer les caractéristiques et I'incidence de complications postopératoires précoces chez des patients
qui ont subi une intervention neurochirurgicale.

Meéthode : Pendant quatre mois, tous les patients qui avaient subi une neurochirurgie ont été suivis, pendant une
période pouvant aller jusqu'a quatre heures, a la salle de réveil ou a I'unité des soins intensifs. Les chercheurs ont
noté sur un formulaire standardisé les informations recueillies auprés du patient et toutes les complications. Ces
derniéres ont été classées en complications respiratoires, cardiovasculaires, nausées et vomissements, frissons et
autres. Les facteurs de risques analysés selon la survenue des complications comprenaient I'dge, le sexe, I'état
ASA, le type de chirurgie, l'aspect prévisible ou non de la chirurgie et le placement postopératoire.

Résultats : Quatre cent quatre-vingt six patients adultes ont été suivis, mais on a exclu 55 patients de I'analyse
des complications postopératoires puisqu'ils ont eu besoin d'intubation pendant les quatre heures de I'expérience.
Une complication au moins est survenue chez 54,5 % des 431 autres patients. Des complications respiratoires
sont survenues chez 2,8 % des patients, cardiovasculaires chez 6,7 %, neurologiques chez 5,7 9%; un trauma-
tisme des voies aériennes chez 4,4 % et des nausées et/ou des vomissements chez 38 %. La plus forte incidence
de complications a été enregistrée pendant la chirurgie rachidienne (65 %) et vasculaire (66 %), comparativernent
a la chirurgie pour une tumeur (47 %) ou a d'autres chirurgies (43 %), P < 0,05. Les autres facteurs de risque
comprenaient I'dge < 70 ans pour les nausées et les vomissements (P < 0,02) et le caractére non urgent de la
chirurgie rachidienne et vasculaire (P < 0,001).

Conclusion : Il y a eu une forte incidence de complications postopératoires précoces chez les patients admis en
neurochirurgie. Les nausées et les vomissements se sont présentés le plus souvent et surtout chez les jeunes
patients subissant une chirurgie rachidienne.
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ATIENTS are at increased risk of morbidity

in the immediate postoperative period.

Numerous studies and surveys have reported

the incidence of immediate postoperative
complications occurring for the general surgical popu-
lation from 3% up to 30%.!-5 The most common com-
plications are respiratory, cardiovascular, and nausea
and vomiting. The extent and gravity of these compli-
cations arising in the neurosurgical population has not
been well defined. The purpose of this study was to
assess prospectively the incidence and characteristics of
complications occurring in the immediate postopera-
tive period in adult patients undergoing neurosurgical
procedures.

Methods

Approval was obtained from the institutional ethics
committee. All consecutive patients undergoing a
neurosurgical procedure over four months from June
to September 1996 were included. Procedures for
functional surgery such as chronic pain and movement
disorders were not included. The postoperative study
time was limited up to the first four hours in either the
post anesthetic care unit (PACU) or intensive care
unit (ICU). There was no attempt made to change or
influence the standard practice of patient care.

A designated, standardized form was used to collect
all the information and this was by a research assistant
and/or by the investigators. Information included
demographic data, diagnosis, surgical operation,
whether the procedure was elective or an emergency,
and the preoperative assessment of the patient includ-
ing the neurological status. When the patient arrived
in the PACU or ICU, the nurse measured and record-
ed all vital signs (blood pressure, heart rate, respirato-
ry rate, SpO,) and neurological assessment (level of
consciousness, motor and sensory function). All new
neurological deficits were noted. This information and
all untoward events and complications that occurred
during the first four hours in the PACU or ICU were
documented on the designated form. The intraopera-
tive course also was reviewed and untoward events
recorded on the anesthetic chart were documented.
Postoperative complications that were assessed in this
review are defined in Table 1. The specific assessment
of postoperative pain was not part of this study. If the
patient arrived with the trachea intubated, the time of
extubation was recorded. Patients whose lungs were
electively ventilated postoperatively and when the tra-
chea remained intubated for the duration of the four
hours were excluded from the analysis of the data for
complications. Statistical analysis for the mean ages
was with one way ANOVA and unpaired t-test for
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multiple comparisons between every two groups.
Gender proportion of patients with complications and
proportion of number of complications in every group
were compared by the Tukey-type multiple compari-
son testing.%” To identfy risk factors for the occur-
rence of complications, Chi-square analysis was used
to test the association between the occurrence of com-
plications and each of the following factors: age, sex,
ASA status, elective or emergency surgery, type of
surgery, and postoperative placement. The statistical
analysis was performed using SPSS version 6.1.2
(SPSS Inc. Chicago, Illinois): P < 0.05 was considered
significant.

Results

Four hundred and eighty six patients were included in
this study. The data sheets for another 24 patents
were incomplete and not included. Routine practice
for the technique of anesthesia and the postoperative
placement was followed. The decision to provide gen-
eral anesthesia or conscious sedation with local anes-
thesia was largely determined by the surgeon
according to the type of procedure being performed.
All awake craniotomies for tumour were at the request
of the surgeon for these specific patients. Routine
practice was followed for the remaining procedures;
local anesthesia and conscious sedation for stereotactic
biopsy, ventriculostomy, burr holes for hematoma,

TABLE 1 Definition of complications

1. Respiratory

A. Depression Decrease respiratory rate (<8 bpm)
Decrease SpO, (<90%)
Dyspnea, bronchospasm

B. Reintubadon

C. Airway Trauma to lips, tongue, teeth, sore
throat, hoarseness
D. Pulmonary
edema
2. Cardiovascular
A. Arrhythmias ~ Heart rate*
Arrhythmias

B. Hemodynamic Blood Pressure*
C. Myocardial Chest pain, ECG change
ischemia
3. Neurological Unexplained delayed awakening
New motor or sensory deficit

New cranial nerve palsy

Seizures
4. Nausea/Vomiting
5. Shivering
6. Other: Excessive bleeding

* a persistent change in heart rate or blood pressure (+ 20% from
preoperative values) that required the attention of a physician
and /or appropriate treatment
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TABLE II Demographic data

Group n Sex (M/F) Age (yr) Emergency Procedures Ventilated*
BrainTumour Craniotomy 82 38/44 49 : 16 10 8
(n=132) Awake Craniotomy 21 12/9 53+19 1 0
Stercotactic biopsy 29 11/18 59 +16 3 0
Spine Cervical 62 41/21 5115 8 12
(n =169) Thoracic/lumbar 107 57/50 5017 6 2
Vascular Carotid endarterectomy 26 14/12 66+ 9 0 0
(n = 54) Ancurysm 15 9/6 5113 7 2
AVM 13 9/4 45+ 15 1 5
Othert 131 68/63 54:18 63 26
(n=131)
Totals 486 259/227 5217 99 55

values are mean z SD
n = number of patients

* = patients who were postoperatively ventilated for morc than four hours
t = Other included CSF drainage (38), peripheral nerve (28), burr hole (18), ventriculostomy (17), omaya reservoir (12), and others (18)

AVM = arteriovenous malformation

TABLE III The number of patients with complications

Group Tumour Spine Vascular Other Total
n 124 155 47 105 431
1 Complication 45(36%) 68 (44%) 24(51%) 42(40%) 179(41.5%)
n (%)
2 Complications 11 (8.9%) 29 (18.7%) 6(12.8%) 3(2.9%) 49(11.4%)
n (%)
3 Complications 2 (1.6%) 4 (2.5%) 1(2.1%) 0 7 (1.6%)
n (%)
Total number > 1
complication 58 (47%) 101(65%)* 31(66%)* 45 (43%) 235 (54.5%)
Total number of
complications 73 (59%) 138 (89%)* 39 (83%)* 48 (48%) 298 (69%)

* P < 0.05 from Tumour and Other
n = number of patients
% = percentage of total number of patients

peripheral nerve decompression, and insertion of
Omaya reservoirs. All remaining procedures were per-
formed under general anesthesia. The postoperative
placement of patients was according to standard hos-
pital protocol. After craniotomy under general anes-
thesia and all vascular procedures, the patients were
taken directly to the ICU. After awake craniotomy,
patients recovered in the PACU for four hours, then
were transferred to the ward. Stereotactic biopsy
patients were recovered in the PACU. After spine pro-
cedures placement was according to the extent of the
procedure and preoperative condition of the patient.
All other procedures were determined by the periop-
erative condition of the patient. All patients were
transported from the operating room with supple-
mental oxygen by mask to the PACU or ICU and
continued to breathe supplemental oxygen with con-

tinuous monitoring of SpO, until discharge or until
they were stable breathing room air.

For analysis of the results, the patients were divid-
ed into four major surgical groups; brain tumour
(132), spinal surgery (including spinal tumours)
(169), vascular surgery (54), and other (131) (Table
IT). The fourth group included a wide variety of dif-
ferent procedures including CSF drainage (38),
peripheral nerve (28), burr hole for hematoma (18),
ventriculostomy (17), Omaya reservoir (12), and oth-
ers (18). Postoperatively, 49% of the patients recov-
ered in the PACU. Three patients for an awake
craniotomy were electively placed in the ICU. Thirty
two percent of the spine and 44% of the other group
were transferred directly to the ICU postoperatively.
There were only eight outpatients in this patient pop-
ulation and these were all patients with peripheral
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TABLE IV Summary of number of patients with specific complications

Respiratory Cardiovascular Neurological ~ Nausea/vomit Shivering Bleed
SO, Airway  Rate Press

Tumour

General 2 2 1 3 9 28 13 1

(74)

Awake 0 0 1 1 3 4 0 10

(21)

Biopsy 0 0 0 0 1 3 1 0

(29)

Total (124) 4 (3.2%) 6 (4.8%) 13 (10%) 35 (28%)* 14 (11%) 1 (0.8%)

Spine

Cervical 1 10 1 3 1 32 9 10

(50)

Thora/Lumb 3 6 4 3 3 46 15 1

(105)

Total (155) 20 (13%) 11 (7%) 4 (2.6%) 78 (50%)* @ 24 (15.5%) 1 (0.6%)

Vascular

CEAE 2 0 3 5 2 12 1 0

(26)

Aneurysm 1 0 0 1 2 4 1 0

(13)

AVM 1 0 0 0 0 2 1 1

(8)

Total (47) 4 (8.5%) 9 (19%) 4 (8.5%) 18 (38%)* 3 (6.4%) 1 (2.1%)

Other

(105) 0 3 0 3 4 36 2 0

Total (105) 3 (2.8%) 3 (2.8%) 4 (3.8%) 36 (34.3%)* 2 (1.9%) 0

Overall Total 12 19 10 19 25 167 43 3

(%) (2.8%) (4.4%) (2.3%) (4.4%) (5.7%) (38.7%)* (9.9%) (0.7%)

Rate = change in heart rate or arrhythmia

Press = change in blood pressure

* = most common complication within each group (P < 0.05)

o = greater compared to Tumour, Vascular, and Other (P < 0.050)

nerve surgery under local anesthesia. The ASA classi-
fication of all patients was 16% ASA 1, 44% ASA 2,
30% ASA 3, and 10% ASA 4&5.

Overall, 99 procedures (20%) were classified as
emergency (Table IT). In 55 patients of the total (486)
the tracheas were intubated and lungs ventilated for
the study duration and thus excluded from analysis of
the complications. Of these, 36 {65%) were emer-
gency procedures. The reasons for the patient requir-
ing intubation and ventilation were the poor
preoperative conditon of 34 patients (brain tumour 4,
spine 3, vascular 3, other 24). In 21 patients, the tra-
chea was electively left with the trachea intubated
because the surgery was prolonged, difficult or unsta-
ble (brain tumour 4, spine 11, vascular 4, other 2).

The analysis of the complications as defined in
Table T which occurred in the 431 patients studied,
showed that 54.5% of the patients experienced at least
one complication (Table III). Most patients (41.5%)
had only one complication, but 49 (11.4%) had two
and seven (1.6%) had three complications. The overall

incidences of complication in spine and vascular
groups were greater than in the tumour and in the
other groups (P < 0.05). There were no complications
in the eight outpatients. Table IV shows the compli-
cations according to type and the total number with-
in each group.

Respiratory complications resulting in respiratory
depression or reintubation occurred in 12 patients
(2.8%). In two patients (0.46%) reintubation was
required. A decrease in respiratory rate occurred in two
patients (lumbar spine 1, aneurysm 1) and was treated
with naloxone. A decrease in SpO, occurred in four
patients; from postoperative aspiration following lum-
bar spine surgery (1), increased secredons (1), and
decrease level of conscious (2). These patients were
treated with increased oxygen administration, suction-
ing and, in one patient, reintubation was required after
loss of consciousness from a subdural hematoma one
hour after a craniotomy for AVM. Dyspnea associated
with wheezing occurred in four patients (brain tumour
1, lumbar spine 1, carodd endarterectomy 2): all
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required treatment with salbutamol inhalation. One
patient developed stridor after he extubated himself fol-
lowing a ventricular peritoneal shunt insertion. He
required racemic epinepherine and oxygen. Another
patient developed upper respiratory obstruction 15 min
after extubation following excision of spinal cervical
cord tumonr and reintubation was required.

Trauma to the airway occurred in 19 patients
(4.4%). Seven patients after spine surgery and two
after craniotomy for tumour had injuries to their
tongue or lips. Ten patients complained of hoarseness
and/or sore throat, one after ventricular peritoneal
shunt insertion and the others following spine surgery.

Cardiovascular complications occurred in 29
patients (6.7%). These consisted of an increase in heart
rate (4), decreased heart rate (5), arryhthmia (PVC)
(1), increase in blood pressure (10) and a decrease in
blood pressure (9). There were no events of myocar-
dial ishemia as evident on routine ECG monitoring or
complaints of chest pain by the patient. There were no
episodes of pulmonary edema.

Neurological complications occurred in 25 patients
(5.7%). They consisted of a new sensory or motor
deficit (8), cranial nerve deficit (6), confusion/deliri-
um (5), dysphasia (3), and delayed awakening (3). An
acute intracranial hemorrhage requiring emergency
reopening of the craniotomy occurred on two occa-
sions (brain tumour 1, AVM 1).

Nausea and vomiting were the most frequently
occurring complications in all groups (P < 0.05) (Table
IV). In total, 167 patients (38.7%) complained of nau-
sea and/or vomited. The incidence of this was greatest
in the spine group (50%) compared with tumour (28%),
vascular (38%), and other (34%) (P < 0.05).

Shivering was documented in 10% of patients. We
did not grade the degree of shivering or correlate it with
the patient’s intraoperative or postoperative tempera-
ture as the techniques and recordings of temperature
varied and were inconsistent. The other complication
was excessive bleeding which occurred in three patents.
Following craniotomy, for a large pineal tumour, one
patdent had delayed awakening. A CT scan at three
hours after surgery showed an intraventricular hemor-
rhage and the patient was returned to the operating
room for a ventriculostomy. The second patient devel-
oped loss of consciousness following resection of an
AVM. Reintubation and reopening were required to
evacuate a large subdural hematoma. The third patient,
following lumbar laminectomy and fusion, continued
to bleed postoperatively from his wound and required
multiple units of blood transfusion in the ICU.

Intraoperative complications or events that were
documented on the anesthetic record occurred in 58
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patients {13.5%). In 19, (4.4%) this intraoperative
complication led to a patents similar postoperative
complication (respiratory 5, cardiovascular 11, bleed-
ing 3) Two patients, during carotid endarterectomy,
had intraoperative episodes of bronchospasm and also
developed bronchospasm in the ICU. One patient,
following stereotactic biopsy, developed change in res-
piratory rate intraoperatively and this continued post-
operatively. In one patient tracheal reintubation was
required in whom intubation had been a difficult and
stridor developed after extubation. Changes in heart
rate occurred in eight patients and in blood pressure
in three. Three patients who developed hypotension
from blood loss requiring fluids and/or blood post-
operatively had had similar events intraoperatively.

Possible risk factors for patients who developed
postoperative complications were assessed. The sex of
the patients was not a risk factor. The ASA classifica-
tion of the patients compared to the number of
patients with complications was not different (ASA 1
(67%), ASA 2 (55%), ASA 3 (51%), ASA 4&5 (47%).
More patients with complications {(74%) underwent
elective surgery (n=368) than emergency surgery
(n=63, 41%) (P < 0.0001). The type of surgery for the
elective group that showed the greatest incidences of
complications were the spine (90%) and vascular
(88%) compared with tumour (59%), and other (54%),
(P < 0.001). There was no difference in the incidence
of complications amongst the different groups for
emergency surgery. The postoperative placement of
patients was a risk factor for only the spine group: 80%
of patients transferred to ICU had a complication
compared with 58% in PACU (P < 0.03). There was
no difference amongst the types of complications.

Patients were divided into two groups with respect
to age < 70 yr, (n=360) and >70 yr (n=71). The
younger age group had more patients with complica-
tions (58% vs42%) (P < 0.02). The incidence of nausea
and vomiting was greater in the younger (71%) than in
the older (31%) age group (P < 0.008). The other com-
plications were not different between the two age
groups.

Discussion

In this review of the early postoperative complications
in patients undergoing neurosurgical procedures, we
found the overall incidence to be higher than previ-
ously reported for the general surgical population. In
1986, Cohen ez al. in a survey of 112,721 anesthetics
during two different periods reported complications
in 3.1% and 5.9%.! The increase during the second
period was due to changes in anesthesia practice with
increased use of balanced anesthesia and monitoring.
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Also, more seriously ill patients were treated in the
later period. In 1987, Zelcer et al. followed 443
patients and found that 30% had at least one compli-
cation.? Cooper et al. in 1987 in their study of anes-
thesia related events and the influence of the pulse
oximeter in the recovery room found the rate of com-
plications to be 7.1% for 12,088 patients.® Hines ez a/.,
in 1992, reported a complication rate of 23.7% in
18,473 consecutive patients.? In our review, 54.5% of
431 neurosurgical patients had at least one postopera-
tive complication in the PACU or ICU. The higher
overall incidence in the neurosurgical population of
our study may be due to our small sample size, the
method of data collection, the high incidence of nau-
sea and vomiting, or that this group of patients is
more susceptible to complications in the immediate
postoperative period. Our most common complica-
tion was nausea and vomiting which occurred more
frequently than in the previous studies. However, the
incidence of respiratory and cardiovascular complica-
tions were not different. The period of our study was
the first four hours after arrival in the PACU or ICU.
This time was chosen to reflect our practice. Patients
with major procedures who do not go to ICU, such as
after awake craniotomy and cervical spine surgery, are
routinely observed in the PACU for four hours and
then transferred to the ward.

Respiratory complications are of great concern in
any patient, but are especially worrisome in a neuro-
surgical patient. Previous reports found an incidence
ranging from 1.3 to 6.9%.143-10 In 1991 Parr ez al.
found the incidence of early respiratory complications
in 16,065 patients to be 2.95%.° They found the inci-
dence of complications was related to the level of con-
sciousness at time of arrival, independent of ASA or
age. The most common problems were related to
hypoventilation, airway obstruction and residual
paralysis. Rose ¢t 2l., in 1994, found the occurrence of
a critical respiratory event in PACU to be 1.3% of
24,157 patients who had a general anesthetic.!® The
most common critical events were hypoxemia (SpO,)
followed by hypoventilation and airway obstruction.
In our review, we found an overall incidence of respi-
ratory depression (decrease in SpO, and respiratory
rate) of 2.8% which is similar to these previous studies.
The rate of reintubation has been described from
0.02% to 0.1% and in our study was 0.46%. $19 One
might have expected a higher incidence of respiratory
complications in the neurosurgical population due to
the nature of their disease, prolonged surgery, and
possible neurological injury preoperatively and intra-
operatively that might compound with other causes of
desaturation. However, respiratory complications are
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events that the anesthetist attempts vigorously to
avoid in neurosurgical patients. This is done by ensur-
ing that the patient emerges from anesthesia com-
pletely and promptly, and by the close observation and
monitoring of the patient, frequently in the ICU. This
was our routine practice and, as well, all our patients
were transported with and remained breathing sup-
plemental oxygen until fully recovered.

We classified traumatic airway problems, such as
trauma to the lips, tongue, teeth and complaints of a
sore throat or hoarseness separately from other respi-
ratory complications due to the nature of the surgical
procedures of neurosurgical patients. These injuries
may occur during intubation but also can easily hap-
pen when patients are placed into various positions,
such as prone, and when there is no or limited visibil-
ity of the face for a long duration. These complications
occurred in 19 patients (4.4%), 16 of whom were
placed in the prone position for spine surgery.

Cardiovascular complications have been reported
to occur in from 2.3% to 15.3% of patinets.1 241! In
1996, Rose et al. examined the cardiovascular events
in the PACU to determine their relationship to out-
come.!! One or more cardiovascular events occurred
in 7.2% of all admissions to PACU of 18,380 patients.
The events included hypertension (2%), hypotension
(2.2%), tachycardia (0.9%), and bradycardia (2.5%).
The overall incidence in our study was 6.7% which is
similar to these previous studies. There were no major
cardiovascular events such as pulmonary edema or
myocardial ischemia during the study period.

Nausea and vomiting was the most frequently occur-
ring complicadon, with an overall incidence of 38.7% in
our study. The previously quoted studies # reported
incidences ranging from 5.1% to 9.8%. Other large
series have reported the rate of nausea and /or vomiting
to be 20-30%, and more specific smaller studies have
found even higher incidences up to 67%.!2 In 1997,
Fabling et al. reported an incidence of nausea and/or
vomiting, during the first 48 hr postoperatively in 54%
of patients in a retrospective study of 199 patients
undergoing elective craniotomy.!® The incidence in our
patients undergoing a craniotomy for brain tumour
with general anesthesia was 38%. In our review, patients
were not routinely given intraoperative antiemetics.
Patients did receive antiemetics postoperatively as need-
ed and frequently at the discretion of the nurse it was
given prophylacticly with the administration of an opi-
oid for pain. The interesting finding in our review was
that the highest incidence of nausea and vomiting
occurred in patients undergoing elective spinal surgery
and in the younger age group. One possible explana-
tion is the increased use of opioids, especially morphine,
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both intra and postoperatively, for these procedures
than in the other neurosurgical operations. This area
needs further investigation.

Shivering is a complication that may increase post-
operative morbidity. Efforts are usually employed in
neurosurgical patients to avoid shivering to prevent
any harmful sequele such as an increase blood pres-
sure. Another confounding factor in recent neu-
roanesthesia practice is the use of moderate
hypothermia during vascular procedures such as
aneurysm clipping. In this study we did not grade the
degree of shivering, nor did we try to correlate the
presence of shivering to the patient’s intra or postop-
erative temperature. There was too much variability in
how and when the patient’s temperature was mea-
sured both intraoperatively and postoperatively, and
with the intraoperative management of the patient’s
temperature.

Intraoperative problems may predispose the patient
to postoperative complications. In previous studies,
Cohen et al. reported an incidence of 7.6% and 10.6%
of intraoperative complications, Hines ez a/. had 5.1%,
and Cooper ez al. reported 13.8%.1:3* The most com-
mon intraoperative complications leading to postoper-
ative complications were hypertension and
hypotension. Rose ez al. also noted a strong relation-
ship between cardiovascular events in PACU and sim-
ilar cardiovascular problems in the operating room
suggesting that the management of the original prob-
lem of the patient may have been inadequate or
unsuccessful.!! Overall, in our study, 4.4% of patients
had an intraoperative complication that was similar to
the problem in the postoperative period. However,
our information is limited in that data regarding intra-
operative events was only from what the anesthetist
had written on the anesthetic record.

Neurological complications occurred in 5.7% of
patients, but this would not be unexpected in this
group of patients. Previous studies did not include
many patients under going neurosurgical procedures
as most of these patients would have been admitted to
ICU and thus were excluded from their studies.

Previous studies have examined various risk factors
for the development of postoperative complications.
These include age, sex, site of surgery, duration of
surgery, the ASA status of the patient, technique of
anesthesia, and whether the procedure was emergency
or elective. In our study, age < 70 yr was a factor for
occurrence of nausea and vomiting, but not for other
complications. This is in contrast to studies by Rose ez
al. where age > 60 yr was a risk factor for respiratory
and cardiovascular events.'®!! We found that the type
of surgical procedure was a predictor of complications
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in that the spine and vascular groups had the highest
incidences. Also, patients undergoing an elective oper-
ation had a greater incidence of complications in the
spine and vascular groups. There was no difference
amongst the type of complications in contrast to stud-
ies by Hines and Rose, where the emergency proce-
dures had greater incidence of respiratory and
cardiovascular complications.*'%!! These differences
may be due to the small numbers of our study and the
different patient population. The ASA status was not a
positive risk factors in our study.

Limitations of our study include the reliability of the
data collected and the small sample size. Most of the
information collected was from the notes recorded by
the nurses over the four hour study period. They were
not specifically informed about the study, thus not all
short lived events may have been observed and /or doc-
umented by the nurse. All information was collected by
two of the authors assisted by a research technician, so
the recording of the information was standardized.
Intraoperative events and ASA classification were influ-
enced by the subjective recording of the anesthetist giv-
ing the anesthetic. However, our findings are not
dissimilar to previous studies for respiratory and cardio-
vascular complications. Further study is required in area
of the nausea and vomiting and the influences of tem-
perature in the neurosurgical patents.

In conclusion, postoperative complications are
common in neurosurgical patients. The incidence of
respiratory and cardiovascular events in the PACU or
ICU is not dissimilar from the general population.
Nausea and vomiting are the major problems in this
group, particularly the younger age patient undergo-
ing elective spine surgery.
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