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Abstract

Purpose In the last three years, all elective neurosurgi-
cal cases were performed by a single surgeon at Nara
Medical University. For the last year and a half, all
patients were transferred to a newly created neurosurgical
intensive care unit. The purpose of this study was to
evaluate the impact of admission to an intensive care unit
after elective neurosurgery.

Methods This study was conducted as a retrospective
clinical chart review. Institutional ethics approval was
waived, and we reviewed the charts of 296 neurosurgical
patients who were American Society of Anesthesiologists’
physical status I-1I. To avoid channelling bias, propensity
score analysis was used to generate a set of matched cases
(patients transferred to the intensive care unit [ICU]) and
controls (patients transferred to the neurosurgical ward).
This process resulted in 104 matched pairs of elective
surgical patients who did or did not have an ICU admission
after surgery. Glasgow outcome scale (GOS) at discharge
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or at three months after the operation was compared as the
primary outcome measure. As secondary outcome meas-
ures, we also compared rates of severe early complications
and patient satisfaction regarding perioperative patient
care.

Results With an unmatched population, poor GOS ten-
ded to occur more often in the non-ICU group than in the
ICU group (6.5% vs 2.3%, respectively). Mortality rates
and severe early complication rates also tended to be
higher in the non-ICU group than in the ICU group (2.4%
and 5.3%, respectively, non-ICU group vs 0.8% and 2.3%,
respectively, ICU group). However, after propensity score
matching, there was no difference regarding the GOS
between groups. Both groups showed very high good out-
come percentages (98.1% ICU vs 97.1% non-ICU). With
regard to mortality rates and severe early complications,
both groups showed low mortality (0.96% vs 0.96%) and
complication rates (2.89% ICU vs 3.85% non-ICU).
Patient care in the ICU failed to increase patient satis-

faction regarding the overall hospital care.

Conclusion The results of this analysis suggest that
admission to an ICU after elective neurosurgery has little
impact on outcomes.

Résumé

Objectif Au cours des trois dernieres annees, toutes les
neurochirurgies non urgentes ont ete effectuces par un seul
chirurgien a la Nara Medical University et, au cours des
18 derniers mois, tous les patients ont ete transferes dans une
nouvelle unite de soins intensifs en neurochirurgie. L’ objectif
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de cette etude etait d’evaluer Uinfluence de I’admission aux
soins intensifs apres une neurochirurgie non urgente.
Méthode 1l s’agissait d’une etude retrospective fondee
sur [’examen des dossiers medicaux. L’ approbation ethique
n’a pas ete necessaire et on a examine les dossiers
de 296 patients traites en neurochirurgie dont [’etat
physique etait classe’” I ou II selon I’American Society of
Anesthesiologists. Pour éviter tout biais systematique, on a
utilise’ I’analyse des scores de propension afin d’obtenir un
ensemble de cas apparies (patients transferes a 'unite des
soins intensifs) et de cas temoins (patients transferes a
I'unite de neurochirurgie). Ce processus a permis d’obtenir
104 paires de patients ayant subi une chirurgie non
urgente dont ['un avait ete admis a 'unite” des soins
intensifs, et I’autre, a l'unite’ de neurochirurgie. Le critere
de jugement principal etait la comparaison des scores
de Glasgow au moment du conge ou trois mois
apres intervention. De plus, les taux de complications
graves et de satisfaction des patients par rapport aux soins
peri-operatoires ont ete compares d titre de criteres
secondaires.

Résultats Avec une population non appariee, on a
observe que les scores de Glasgow faibles etaient plus
frequents dans le groupe non admis aux soins intensifs
(2,3 % contre 6,5 %). Les taux de mortalite” et d’apparition
précoce de complications graves avaient egalement
tendance d étre plus eleves dans le groupe non admis aux
soins intensifs (0,8 % contre 2,4 % et 2,3 % contre 5,3 %,
respectivement). Cependant, on n’a note’ aucune difference
entre les deux groupes sur [’echelle de Glasgow
apres 'appariement des scores de propension. Ils
presentaient tout deux des pourcentages tres eleves
d’évolution favorable (98,1 % admis aux soins intensifs
contre 97,1 % non admis aux soins intensifs). Les taux de
mortalite et d’apparition precoce de complications graves
des deux groupes etaient peu eleves (0,96 % contre 0,96 %
et 2,89 % contre 3,85 %, respectivement). Les patients
admis d l'unite des soins intensifs ne se sont pas montres
plus satisfaits de ’ensemble des soins recus lors de leur
sejour.

Conclusion Les resultats de cette analyse laissent
entendre que I’admission d ['unite des soins intensifs apres
une neurochirurgie non urgente n’a que tres peu
d’influence sur le devenir des patients.

Intensive care units (ICUs) staffed with critical care phy-
sicians are known to improve patient outcomes. An
intensivist’s full-time employment has been associated
with improved outcomes in pediatric patients' and reduced
mortality rates in adult patients following abdominal aortic
aneurysm repair.>> In addition, it has been reported that
utilization of a neurointensive care unit team decreased
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mortality rates, shortened hospital length of stay, and
improved patient outcomes in the neurological and neuro-
surgical populations.”> Collectively, it is conceivable that
intensive care has a significant impact on critically ill patient
outcomes. However, it has not been determined whether
intensive care based on continuous monitoring (electrocar-
diogram (ECG), blood pressure, and pulse oximetry [SpO,])
and frequent neurologic evaluation by ICU staff has a sig-
nificant impact on elective neurosurgical patient outcome in
those who are in good physical condition.

We conducted this study as a clinical chart review and
evaluated the impact of intensive care on the outcomes in
elective neurosurgical patients who were in good physical
condition. To reduce the effect of selection bias, we com-
pared patient outcomes in propensity-matched pairs with or
without intensive care.® Using this technique, we ana-
lyzed patients who were equally likely to be treated
postoperatively in the ICU or in the neurosurgical ward,
and we excluded patients from the analysis if there was a
high likelihood of exposure to only one of the postopera-
tive care situations.

Methods

Since there were no ethical issues associated with this
study, it was exempt from institutional review board
approval and the requirement for informed consent. This
study was performed as a case-control study in accordance
with the recommendations of the STrengthening the
Reporting of OBservational studies in Epidemiology
(STROBE) consensus statement.” We reviewed the last
three years of elective neurosurgical cases performed by a
single surgeon at Nara Medical University and extracted
the records of 296 consecutive neurosurgical patients who
were American Society of Anesthesiologists’ (ASA)
physical status I-11.

Perioperative patient treatment

During the first year and a half, postoperative patients were
transferred to the neurosurgical ward (non-ICU group).
During the remainder of the three years, patients were
transferred to the ICU (ICU group) after a neurosurgical
ICU was established at Nara Medical University. Patients
were treated according to the standard institutional neuro-
surgical protocol, as described below.

The patients had no premedication for anesthesia. Based
on institutional protocol, patients who required hypotensive
drugs (except for angiotensin receptor blockers) were
treated with these medications preoperatively.'® After
recording blood pressure, heart rate, and oxygen saturation,
anesthesia was induced with an intravenous injection of
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propofol 2 mg-kg™", fentanyl 2 ug-kg™', and vecuronium

0.15 mg-kg™'. Anesthesia was maintained with 1.5-2%
sevoflurane in 40% oxygen and fentanyl. A bolus of fen-
tanyl 2 pgkg™' was administered before pinning the
stereotactic frame, and additional fentanyl 1 pug-kg™' was
injected in five-minute intervals when the systolic blood
pressure was elevated to > 140 mmHg. Nicardipine was
used to control narcotic resistant hypertension.

Routine monitoring of all patients included ECG, non-
invasive arterial blood pressure, intra-arterial catheter for
arterial blood pressure, SpO,, end-tidal carbon dioxide and
sevoflurane concentrations, and rectal temperature.

After completion of the surgical procedures, sevoflurane
was discontinued and tracheal extubation was performed in
the operating room. Subsequently, the patients in the non-ICU
group were transferred to the neurosurgical ward after the
intra-arterial catheter was withdrawn. For those patients
admitted to the postoperative ward, oxygen administration
and ECG monitoring was continued until the next morning.
Neurological evaluation, non-invasive blood pressure moni-
toring, and SpO, were performed by the nursing staff every
three to four hours during the first 12 hr postoperatively.
Neurosurgical residents were also available. The ICU group
received continuous oxygen administration, ECG, and inva-
sive arterial blood pressure and SpO, monitoring until the next
morning. A neurological evaluation was also performed every
two hours during the first 12 hr postoperatively. A certified
intensivist was readily available and supervised the ICU team,
which included intensive care nurses and a neurosurgical or
anesthesia resident. On the following day, patients without
complications were transferred to the neurosurgical ward.
Until the 14th postoperative day, either the patients them-
selves or their close relatives completed a questionnaire
regarding perioperative patient care by using a simplified
patient satisfaction scale (satisfactory, even, dissatisfactory).

The primary outcome measure was the dichotomized
Glasgow outcome scale (GOS) (good outcome = good
recovery/moderate disability; poor outcome = severe dis-
ability/vegetative/dead) at discharge or three months after
the operation. The secondary outcome measures included
the incidence of severe complications, including surgical
re-exploration, acute respiratory failure, and cardiac events.
Finally, patient satisfaction was also compared between
groups. The hospital length of stay was not investigated
because no institutional effort to reduce the hospital length
of stay had been established during the study period.

Statistical analysis

A sample size of 104 subjects in each group (yielding a total
number of 208 subjects) provided 95% power to detect an
effect size difference of 0.25 between the two groups, with
an alpha of 0.05. Initially, 296 ASA physical status I-II

neurosurgical patients were enrolled. To begin with, patient
outcomes were compared using the initial 296 patients.
Next, to avoid channelling bias, we used propensity score
analysis to generate a set of matched cases (patients who
were transferred to the ICU) and controls (patients who were
transferred to the neurosurgical ward). Ultimately, 88
patients were excluded. The propensity score was calculated
for each patient based on a logistic regression analysis of the
probability of ICU admission using the clinical character-
istics. Initially, we compared the clinical characteristics of
the ICU and non-ICU groups using the Chi square test or
Fisher’s exact test for dichotomous variables and the un-
paired Student’s ¢ test for continuous variables. We
considered the following clinical characteristics to be
associated with ICU admission: diagnosis (vascular disease
or tumour), age, sex, body mass index, neurological status
(Glasgow coma scale [GCS]), background illness (hyper-
tension, diabetes mellitus, coronary artery disease, history of
heart failure, lung disease), intraoperative variables (anes-
thesia time, operation time, fluid balance), and adverse
intraoperative events (cardiac events, hypotension, ar-
rhythmia, hypoxia, etc.). As suggested by recent statistical
research on propensity score development, we used a
structured iterative approach to refine this model, with the
goal of achieving covariate balance within the matched
pairs.'" Covariate balance was measured using the stand-
ardized difference, where an absolute difference > 10%
was suggested to represent a meaningful covariate imbal-
ance.'® We matched ICU patients to non-ICU patients using
a greedy-matching algorithm with a calliper width of 0.2
standard deviations (SDs) of the log odds of the estimated
propensity score. This method involved sampling without
replacement and has been shown to remove 98% of the bias
from measured covariates.'> Finally, this procedure yielded
104 ICU patients who were propensity matched to 104 non-
ICU patients, which was considered an acceptable sample
size estimation. The primary and secondary outcome
measures were compared by dividing the number of events
by the number of cases followed up for the two groups. The
McNemar test or the Wilcoxon signed-rank test were used
for these matched pair comparisons.'' Analyses were
completed using Stata/MP version 10.1 (StataCorp LP,
Texas, USA) and R 2.11.1."3

Results

The clinical characteristics of the two groups based on 296
consecutive patients are presented in Table 1. The preop-
erative evaluation of ASA physical status and GCS were
similar, and many of the variables were similar (defined
by a standardized difference < 10%) before matching.
The primary and secondary outcomes are summarized in
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Table 1 Clinical characteristics
of the two unmatched study
groups (n = 296)

Data are expressed as

mean =+ standard deviation or
the number of patients.
Intraoperative adverse events
included transient
supraventricular or ventricular
arrhythmia, ST depression,
hypotension, and accidental one
lung ventilation. These events
either disappeared
spontaneously or were easily
treated. ASA = American
Society of Anesthesiologists;
ICU = intensive care unit

ICU Non-ICU Standardized
(n = 130) (n = 166) difference (%)
Disease (n = Vascular/Tumour) 65/65 70/96 15.7
Age (yr) 58.1 £ 11.8 58.8 £ 15.2 5.1
Sex (n = Male/Female) 75155 87/79 32
Height (cm) 1584 £ 11.5 160.1 £ 9.0 16.5
Weight (kg) 59.2 £ 11.5 59.1 £ 123 0.8
Body mass index (kg-m™2) 232+ 3.6 229 £39 8.0
ASA physical status (n = I/II) 35/95 51/115 8.3
Glasgow Coma Scale = 13 (n) 1 2 4.4
Glasgow Coma Scale = 14 (n) 4 4 4.1
Glasgow Coma Scale = 15 (n) 125 160 1.2
Diabetes mellitus (n) 12 17 3.4
Hypertension (n) 57 68 5.8
Coronary artery disease (1) 6 7 1.9
History of heart failure (n) 4 18.4
Lung disease (1) 10 16 6.9
Operation time (min) 257.6 £ 73.5 244.0 £+ 80.7 17.6
Anesthesia time (min) 351.4 &+ 79.6 344.0 4+ 83.1 9.1
Infusion (mL) 2,396.9 £+ 709.5 2,442.6 £ 761.9 6.2
Transfusion (mL) 100.9 £ 207.8 126.3 £ 260.5 10.8
Urine (mL) 1,189.3 £ 646.5 1,095.1 £ 602.5 15.1
Bleeding (mL) 256.7 £ 240.6 296.2 + 270.4 154
Intraoperative adverse events (1) 10 6 17.6

Table 2 Patient outcomes prior to propensity matching

ICU Non-ICU P value
(n = 130) (n = 168)
Dichotomized GOS 3/127 11/155 0.10
(n = Poor/Good)
GOS (n = 1/2/3/4/5) 1/0/2/4/123  4/0/7/4/151  0.70

Severe early 3 9 0.23
complications (1)

Patient’s satisfaction 0/53/77 2/72/92 0.78
(n = dissatisfactory/even/

satisfactory)

Data are expressed as the number of patients. Complications observed
during the perioperative period were re-surgical exploration, acute
respiratory failure, intestinal perforation, and acute cardiac failure
(n = 1,1,1,0, respectively, ICU group vs 3,5,0,1, respectively, non-
ICU group). ICU = intensive care unit; GOS = Glasgow Outcome
Scale

Table 2. There was no difference in the dichotomized GOS
between the groups, although poor outcomes tended to
occur more often in the non-ICU group. Also, mortality
rates tended to be higher in the non-ICU group than in the
ICU group (2.4% vs 0.8%, respectively). Similarly, there
were no differences in severe early complications, although
complication rates tended to be higher in the non-ICU
group than in the ICU group (5.3% vs 2.3%, respectively).
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Complications observed during the perioperative period
included re-surgical exploration, acute respiratory failure,
intestinal perforation, and acute cardiac failure (n =
1,1,1,0, respectively, ICU group vs 3,5,0,1, respectively,
non-ICU group). Patient satisfaction in terms of the overall
hospital care did not differ between the two groups.

The clinical characteristics of the two matched groups
extracted by the propensity analysis are presented in
Table 3. The average propensity scores of both groups
were 0.531 ICU group and 0.529 non-ICU group, respec-
tively. Covariates were well balanced after matching.
Notably, preoperative physical and neurologic evaluations
were balanced according to ASA physical status and GCS,
and the cores indicated a relatively healthy population. The
primary and secondary outcomes after propensity score
matching are summarized in Table 4. Both groups showed
very high percentages of good outcomes. There was no
difference in the dichotomized GOS, mortality (0.96%), or
severe early complications, (2.89% ICU group vs 3.85%
non-ICU group). Complications observed during the peri-
operative period were re-surgical exploration, acute
respiratory failure, and intestinal perforation (n = 1,1,1,
respectively, ICU group vs 2,2,0, respectively, non-ICU
group). Patient care in the ICU did not increase patient
satisfaction regarding the overall hospital care.
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Taple 3 Clinical characteristics ICU Non-ICU Standardized
ot the two study groups atter (n = 104) (n = 104) difference (%)
propensity score matching

Propensity Score 0.531 £ 0.127 0.529 £ 0.128 1.6

Disease (n = Vascular/Tumour) 50/54 55/49 9.6

Age (yr) 57.1 £ 12.0 56.8 £ 14.9 2.2

Sex (n = Male/Female) 48/56 47/57 1.9

Height (cm) 159.7 £+ 8.6 160.4 + 9.3 7.8

Weight (kg) 59.5 + 12.1 59.2 + 13.1 24

Body mass index (kg-m~2) 232 +£35 229 £3.7 8.3

ASA physical status (n = I/IT) 32/72 35/69 34

GCS =13 (n) 1 1 0.0

GCS = 14 (n) 2 1 8.0

GCS =15 (n) 101 102 6.2

Diabetes mellitus (n) 11 10 3.1
Data are expressed as the Hypertension (n) 4 43 3.8
mean =+ standard deviation or Coronary artery disease (1) 5 4 4.7
the number. of patients. History of heart failure (n) 1 8.0
.Intraoperatlve'adverse events Lung disease (n) 10 9 33
included transient
supraventricular or ventricular Operation time (min) 249.1 £ 74.2 245.1 £+ 89.6 4.9
arrhythmia, ST depression, and Anesthesia time (min) 335.2 &+ 749 340.6 4+ 89.4 6.5
%Chcldem,a:l Onglung Veﬂ(tiﬂaﬂon- Infusion (mL) 2,444.7 + 7373 2,406.9 + 836.8 4.8

ese either disappearec Transfusion (mL) 98.5 + 210.5 116.7 + 225.0 8.4

spontaneously or were easily
treated. ASA = American Urine (mL) 1,166.3 + 627.4 1,126.1 + 602.3 6.5
Society of Anesthesiologists; Bleeding (mL) 253.4 4+ 263.4 230.1 + 281.4 8.5
ICU = intensive care unit; Intraoperative adverse events (1) 6 4 8.9

GCS = Glasgow coma scale

Table 4 Patient outcomes after propensity score matching

ICU Non-ICU P value
(n = 104) (n = 104)
Dichotomized GOS 2/102 3/101 0.99
(n = Poor/Good)
GOS (n = 1/2/3/4/5) 1/0/1/3/99 1/0/2/2/99 0.85

Severe early 3 4 0.99
complications (1)

Patient satisfaction 0/34/70 2/48/54 0.09
(n = dissatisfactory/

even/satisfactory)

Data are expressed as the number of patients

Complications observed during the perioperative period were
re-surgical exploration, acute respiratory failure, and intestinal per-
foration (n = 1,1,1, respectively, ICU group vs 2,2,0, respectively,
non-ICU group). ICU = intensive care unit; GOS = Glasgow out-
come scale

Discussion

In the present study, we investigated the impact of admit-
ting patients in good physical condition to intensive care
after elective neurosurgery. Based on this retrospective
analysis of patient data, postoperative admission to an
intensive care unit failed to change any meaningful

neurological outcomes or the rate of early complications.
Most of the patients exhibited a good outcome and no early
complications regardless of postoperative intensive care.
This study suggests that patients with little preoperative
morbidity routinely have very good outcomes and further
improvements would be very difficult to demonstrate.

As noted above, ICUs that are staffed with critical care
physicians are known to improve patient outcome. Varelas
et al. reported that a neurointensivist-led team model
showed a 4% relative reduction of the in-hospital mortality
rate and improved documentation of the GCS score (from
60.4% to 82%) in head injury patients.* Mirski ef al. also
found that introducing a team to ICUs that is specifically
trained for neuroscience critical care decreased mortality
from 36% to 19% and increased the proportion of good
outcomes in patients with intracranial hemorrhage from
48% to 69%.” Compared with these reports, our patients in
both groups had much lower mortality rates (0.96%) and
much improved neurological outcomes (complication rates
were < 5%). Taking into consideration that baseline out-
comes were considerably improved in our patient
population, it would be difficult to improve patient out-
come without any interventions.

Patients with critical neurologic diseases, such as head
injury or intracranial hemorrhage, are more critical
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compared with elective neurosurgical patients. Clearly,
these patients require intensive care with experienced staff.
For such patients, the neurointensive care unit can coun-
teract the development of secondary brain damage by
avoiding secondary insults.'"* However, it is likely a rarity
that elective neurosurgical patients in good physical condi-
tion become critical and develop secondary brain damage
following a primary surgical insult. Therefore, postoperative
intensive care is theoretically unnecessary for such patients,
except in the case of a life-threatening adverse event
occurring during the perioperative period. Rather, intensive
care with continuous monitoring might be considered
excessive care resulting in a reduction in patient satisfac-
tion' and the development of ICU-related adverse events.'®
In particular, continuous monitoring with peripheral arterial
catheters can also be associated with complications,
although none of the patients in our study developed arterial
catheter-related complications.'” Therefore, postoperative
intensive care for elective neurosurgical patients with good
physical status might emphasize the unfavourable effects of
the ICU on the overall patient condition rather than promote
the beneficial effects of the ICU on patient outcome. Our
ICU patients appeared to rate perioperative patient care
relatively highly, perhaps because they were under the
impression that intensive care is the best care. However, it is
difficult to interpret this result because a patient’s impres-
sion of the medical performance may depend on that
particular patient’s cultural background.

There is a growing interest in the use of propensity
score-based methods in observational studies to estimate
treatment effects. The propensity score is defined as the
conditional probability of assigning a subject to a particular
treatment protocol given a vector of measured covari-
ates.”'® To minimize the effect of selection bias on the
outcomes, we used propensity score matching for clinical
characteristics and excluded distortion of confounding
factors. However, this study was retrospective in nature;
thus, it should be considered that unmeasured variables
could still confound the results.

In conclusion, intensive care did not exhibit significant
differences regarding neurological outcomes and the rates of
severe early complications for elective neurosurgical
patients in good physical condition. For elective neurosur-
gical patients in good physical shape, it might be difficult to
expect further improvement of patient outcome by providing
intensive care based on continuous monitoring and frequent
neurologic evaluation. On the contrary, intensive care might
have a negative impact on elective neurosurgical patients
in terms of patient satisfaction and adverse events.

Conflicts of interest The authors declare that no conflicts of interest
were involved in this study. This study was supported by depart-
mental funds only.
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