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Abstract

Following elective craniotomy, patients routinely receive 24-h monitoring in an intensive care unit (ICU). However, the
benefit of intensive care monitoring and treatment in these patients is discussed controversially. This study aimed to evaluate
the complication profile of a “No ICU — Unless” strategy and to compare this strategy with the standardized management of
post-craniotomy patients in the ICU. Two postoperative management strategies were compared in a matched-pair analysis:
The first cohort included patients who were managed in the normal ward postoperatively (“No ICU — Unless” group). The
second cohort contained patients routinely admitted to the ICU (control group). Outcome parameters contained detailed com-
plication profile, length of hospital and ICU stay, duration to first postoperative mobilization, number of unplanned imaging
before scheduled postoperative imaging, number and type of intensive care interventions, as well as pre- and postoperative
modified Rankin scale (mRS). Patient characteristics and clinical course were analyzed using electronic medical records.
The No ICU — Unless (NIU) group consisted of 96 patients, and the control group consisted of 75 patients. Complication
rates were comparable in both cohorts (16% in the NIU group vs. 17% in the control group; p =0.123). Groups did not differ
significantly in any of the outcome parameters examined. The length of hospital stay was shorter in the NIU group but did
not reach statistical significance (average 5.8 vs. 6.8 days; p=0.481). There was no significant change in the distribution
of preoperative (p =0.960) and postoperative (p =0.425) mRS scores in the NIU and control groups. Routine postoperative
ICU management does not reduce postoperative complications and does not affect the surgical outcome of patients after
elective craniotomies. Most postoperative complications are detected after a 24-h observation period. This approach may
represent a potential strategy to prevent the overutilization of ICU capacities while maintaining sufficient postoperative care
for neurosurgical patients.

Keywords ICU - Postoperative care - Neurosurgery - COVID-19 pandemic - Elective craniotomy

Introduction

Kristin Lucia and Marcus Czabanka share senior authorship. Following elective craniotomy, neurosurgical patients are

routinely admitted to the ICU for a 24-h observation period

< Kristin Lucia

kristin.lucia@kgu.de to rule out early postoperative complications. These are

54 Marcus Czabanka thought t.o most commonly occur on the ﬁrst.postc.)peratlve

marcus.czabanka@kgu.de day and include hemorrhage, liquor circulation disorders,

seizures, and acute ischemic strokes [6]. Postoperative care

' Department of Neurosurgery, University Hospital Frankfurt, in the ICU allows rapid recognition of neurologic deteriora-
Frankfurt, Germany . .

s tion or accurate hemodynamlc assessment. However, there

Departments of Anaesthesiology, Intensive Care Medicine is no scientific evidence for the benefit of intensive medical

and Pain Therapy, University Hospital Frankfurt, Frankfurt,

Germany monitoring in patients after elective intracranial procedures

[5-7]. More likely, only a small portion of neurosurgical

Department of Neurology, University Hospital Frankfurt, . L . L . .
patients require i1nvasive mOl’lltOI'lIlg and intensive care

Frankfurt, Germany

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s10143-022-01851-y&domain=pdf

3438

Neurosurgical Review (2022) 45:3437-3446

interventions [3, 6]. Especially during the coronavirus dis-
ease-19 (COVID-19) pandemic, ICU capacities have become
a critical medical resource with increasing relevance for the
routine postoperative ICU care of neurosurgical patients [1,
10, 11].

Consequently, this study aimed to compare the concept of
routine ICU admission in patients undergoing elective crani-
otomy with the concept of providing intensive care only for
selected cases with potentially complicated courses during
restrictions to ICU capacities and personnel induced by the
COVID-19 pandemic.

Methods
Patients

We retrospectively identified all patients aged 18 years and
older undergoing elective craniotomy and transnasal/trans-
sphenoidal resection in our institution between February and
August 2021.

The control group consisted of adult patients (> 18 years
old) undergoing elective craniotomies as well as transna-
sal/transsphenoidal approaches between February and May
2021. During this period, all patients undergoing elective
craniotomies were referred to the ICU postoperatively for
24 h as standard procedure.

From May 2021, the standard procedure for postopera-
tive monitoring in our institute was changed to the “No ICU
— Unless” concept as published previously [7]. Patients in
this “No ICU — Unless” group (NIU group) were automati-
cally planned for postoperative observation in the neurosur-
gical normal ward following a short period (approximately
1-2 h) in the post-anesthesia care unit unless one or more
of the following preoperative criteria were fulfilled (No ICU
— Unless criteria). In this scenario, patients were planned for
postoperative management in the ICU:

1) Neurological and neurosurgical criteria: Tumors of the
posterior fossa larger than 3 cm diameter; affection of
lower cranial nerves with (potential for) dysphagia and
aspiration; altered level of consciousness before surgery.

2) Anesthesiologic criteria: Cardiopulmonary or hemody-
namic risk factors determined by the managing anesthe-
siologist, such as an American Society of Anesthesiol-
ogy (ASA) score of 4 or higher, coagulation disorders,
or difficult airways.

In case of high intraoperative blood loss (more than two
liters), the occurrence of intraoperative complications, pro-
longed surgical time (more than four hours) or other anes-
thesiologic concerns [6], patients were admitted to the ICU
even if they were initially intended for the normal ward.
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Patients under 18 years of age and those undergoing
emergency treatment were excluded from our analysis. Also,
patients undergoing tumor biopsies were not included in our
analysis.

Data collection

Electronic medical records were used to collect patient
demographics, anesthesiology documentation, intraopera-
tive, and imaging data. In particular, we recorded surgical
time, catecholamine doses, blood loss, intraoperative com-
plications (surgical complications, seizures, intraoperative
neuromonitoring break-offs, cardiac complications), total
length of stay in the hospital, length of stay in the ICU,
time to first postoperative mobilization, and numbers of
unscheduled imaging prior to scheduled postoperative imag-
ing. When applicable, we recorded ICU treatment received
(blood pressure medication/circulation support, prolonged
ventilation, observation/monitoring alone).

Finally, postoperative complications were recorded in
detail. Clinically significant complications were deter-
mined as hemorrhage, acute ischemic stroke, seizure, edema,
hydrocephalus, pulmonary embolism, cerebrospinal fluid
(CSF) fistula, or other complications that required surgery,
(re-) transfer to the ICU, or any medical intervention. Time
of occurrence of complications was also noted during the
period of hospital stay. Unexpected events that did not
require treatment or had no practical consequences were
not included in the analysis. Only in-hospital complications
were analyzed.

Statistical analysis

Data analysis was performed with Excel (version 14.7.7;
Microsoft) and SPSS (version 28.0; IBM Corp). Group com-
parisons were performed using the Mann—Whitney U test.
Fisher’s exact test was used for the comparison of categori-
cal variables. Results of p <0.05 were considered statisti-
cally significant.

Results
Patient characteristics

In total, 171 patients were evaluated between February and
August 2021. A total of 96 patients were included in the NIU
group, and 75 patients were referred to the control group.
The median age of the NIU and control groups was
55 years (range of NIU group: 19-81 years; range of
control group: 24-81 years; p=0.171). The NIU group
included 57 male (59%) and 39 (41%) female patients, and
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Table 1 Patient characteristics

NIU group Control group p
Age in years 55 (19-81) 55 (24-81) 0.171
Median (range)
Gender 57 (59%)39 (41%) 32 (43%) 0.083
Male 43 (57%)
Female
ASA score 1 (1%) 7 (9%) 0.055
1 35 (37%) 25 (33%)
2 51 (53%) 41 (55%)
3 9 (9%) 2 (3%)
4
Diagnosis 81 (84%) 61 (81%) 0.476
Tumor 11 (12%) 7 (9%)
Vascular 2 2%) 2 (3%)
Infectious 2 (2%) 5 (7%)
Epilepsy
Localization 85 (88%) 66 (88%) 0.817
Supratentorial 11 (12%) 9 (12%)
Infratentorial
Total (n) 96 75

Values are given either as median and range or as total and percent-
age of the total cohort.

#p<0.05.

the control group contained 32 (43%) male and 43 (57%)
female patients (p =0.083).

The NIU group contained more patients (9%) with an
ASA score of 4 versus 3% in the control group, which was
not statistically significant (p =0.055). The most common
diagnosis in both groups was an intracranial tumor (84% in
the NIU group, 81% in the control group), most commonly
with a supratentorial localization (88% in both groups),
followed by vascular pathologies (12% in the NIU group,
9% in the control group). No statistically significant differ-
ences in the distribution of age, gender, ASA score, diag-
nosis, and localization of the lesion were detected between
groups (Table 1).

Among patients in the NIU group, 42 (44%) were trans-
ferred to the normal ward and 54 (56%) patients were
admitted to the ICU; 37 patients (39%) were initially
scheduled for ICU, and 17 (18%) were unscheduled, but

Table 2 Distribution of patients to the ICU vs. normal ward

NIU group Control group
ICU total 54 (56%) 61 (81%)
ICU scheduled 37/96 (39%) 61/75 (100%)
ICU unscheduled 17/96 (18%) 0 (0%)
Normal ward 42 (44%) 14 (19%)

Allocation of patients to normal ward vs. ICU in the “No ICU -
Unless” group and the control group. Non-italic values in parentheses
are % of the total of all subgroups; values in italics indicate the per-
centage within the subgroups ICU or normal ward.

Fig. 1 Application of No ICU
— Unless criteria in the control
group. The figure represents
the proportions of patients in
the control group which would
have met and not met the NIU
criteria; 39% of patients would
have met the NIU criteria for
observation in the ICU versus
61% who could have been
observed in the normal ward

OPatients meeting NIU criteria

OPatients not meeting NIU criteria

ultimately required, transfer to the ICU as decided within
the course of surgery. In the control group, 14 patients
(19%) were directly admitted to the normal neurosurgi-
cal ward after surgery (resection of pituitary tumors via
a transnasal/transsphenoidal approach or open biopsies)
and 61 patients (81%) were admitted to the ICU (Table 2).
Retrospective analysis of the control group showed that
39% of patients would have fulfilled the NIU criteria for
observation in the ICU, with 61% having been transferred
to the normal ward instead of ICU observation (Fig. 1).

Intraoperative parameters

Intraoperative parameters in the NIU and control groups
were examined (Table 3). Median length of surgery in min-
utes (157; range 21-358 vs. 181; range 279-470; p=0.369),
blood loss in milliliters (300; range 10-1500 vs. 325; range
10-1000; p=0.726), intraoperative catecholamines in pg/
kg/min (0.06; range 0.00-0.20 vs. 0.08; range 0.00-0.25;
p=0.840), and number of intraoperative complications
(8/96; 8% vs. 3/75; 4%; p=0.73). Intraoperative complica-
tions occurring in the NIU group included cardiac arrhyth-
mia in five cases (0,05%), vessel injury or aneurysm rup-
ture in two cases (0,02%), and one intraoperative seizure

Table 3 Intraoperative parameters

NIU group Control group p
Length of surgery (min) 157 (21-358) 181 (29-470) 0.369
Median (range)
Blood loss (ml) 300 (10-1500) 325 (10-1000)  0.716

Median (range)
Intraoperative catecho-  0.06 (0.00-0.20) 0.08 (0.00-0.25) 0.840

lamines (ug/kg/min)

Median (range)

Intraoperative complica- 8 (8%) 3 (4%) 0.073
tions 88 (92%) 72 (96%)

Yes

No

Values are given either as median and range or as a percentage of the
total cohort.

#p<0.05.
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(0,01%). Intraoperative complications within the control
group included cardiac arrhythmia in two cases (0,03%) and
loss of intraoperative neuromonitoring signals in one case
(0,01%). All intraoperative parameters showed no statisti-
cally significant differences (Table 3).

Inpatient stay
Overall length of stay in hospital

Patients in the NIU group had an overall shorter stay in the
hospital compared to the control group (average 5.8 +4.6 vs.
6.8 +3.7 days; p=0.661; Table 4). Patients from the NIU
group whose admission to the ICU was unscheduled had an
overall hospital stay of 6.0 (+4.7) days which was compara-
ble to the subgroup of NIU patients that were scheduled for
postoperative ICU admission (average 6.1 +4.7; p=0.571;
Table 4).

Length of stay in ICU

Overall, patients in the NIU group spent less time in the
ICU following surgery than the control group (average
0.9+ 1.8 vs. 1.4+2.1 days; p=0.414; Table 3). Patients
from the NIU group who were scheduled for ICU admis-
sion following surgery spent the same time in the ICU as
those with unscheduled admission (average 1+ 1.9 days;
p=0.667; Table 4).

Time to first postoperative mobilization
There was no difference between groups in time to mobi-

lization (average 0.9 +1.6 days in the NIU group vs.
1.1+1.2 days in the control group; p=0.402; Table 4).

Table 4 In-hospital measures

Number of unscheduled imaging

11/96 patients (11%) received unscheduled imaging (com-
puted tomography (CT) or magnetic resonance imaging
(MRI)) within the NIU group prior to their otherwise sched-
uled postoperative imaging. One patient received two CTs
prior to scheduled imaging; 9/75 patients (12%) received CT
scans prior to scheduled MRI or CT scan within the control
group. One of these patients received two unscheduled CT
scans. Within the control group, ten unscheduled scans were
conducted (13%); within the NIU group, eleven scans were
initiated prior to scheduled imaging (11%). Overall, cohorts
did not differ significantly in the number of unplanned CT/
MRI scans (p=0.67; Table 4).

ICU treatment

In the NIU group, 11/96 patients (11%) received treatment
in the ICU and 43 were observed without intervention. In
the control group, 15/75 patients (20%) received treatment
in the ICU and 46/61 were observed without intervention.

No statistically significant differences were found
between the type of interventions in ICU in the NIU group
and control group: anti-hypertensive therapy in 4 (5%)
patients in vs. 5 (6%) patients (p =0.825); catecholamine
therapy in 6 (8%) patients vs. in 3 (3%) patients (p =0.591);
ventilation in 5 (7%) patients vs. 3 (3%) patients (p=0.552).

In both groups, intravenous blood pressure management
was the most frequent type of treatment in post-craniotomy
patients (Table 5).

Early postoperative complications
Incidence of early postoperative complications during the post-

operative inpatient hospital stay within the NIU and control
groups showed no significant differences (15/96; 16% vs. 13/75;

Days in hospital, average
(standard deviation)

Days in ICU, average
(standard deviation)

Days to first mobilization,
average (standard deviation)

Number of unplanned
imaging scans, no.
(% of cohort)

NIU group
Total 5.8 (+4.6) 09 (x=1.8)
ICU scheduled 6.0 (+4.8) 1.0 (x1.9)
ICU unscheduled 5.8 (£4.6) 1.0(£1.9)
Normal ward 5.8 (+4.6) -

Control group 6.8 (£3.7) 1.3 (x£2.1)

Total

P 0,661 0,414

0.9 (+1.6) 10 (10%)
1.0 (+1.6) 6 (6%)
1.0 (+1.7) 3(3%)
1.0 (+:1.8) 1 (1%)
11(x1.2) 10 (13%)
0,402 0,671

Days in hospital and as applicable days on ICU for the “No ICU — Unless” group and the control group as well as days until first mobilization
(values as average and standard deviation). Numbers of unplanned CT or MRI scans are given as absolute counts.

NIU, No ICU — Unless; CT, computed tomography; MRI, magnetic resonance imaging.
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Table 5 Treatment in ICU

Oral anti-hyper-  i.v. anti-hyper-  Catecholamines = Observation/  Ventilation
tensive therapy  tensive therapy monitoring
NIU group 2 (2%) 3 (3%) 3 (3%) 43 (45%) 3 (3%)
Total 1 (1%) 0 (0%) 1 (1%) 32 (33%) 3 (3%)
ICU scheduled 1 (1%) 3 (3%) 2 (2%) 11 (12%) 0 (0%)
ICU unscheduled
Control group 1 (1%) 3 (4%) 6 (8%) 46 (61%) 5 (7%)
Total

The table includes only patients with admission to the ICU (excluding 14 patients from the control group
and 43 patients from the “No ICU — Unless” group who were transferred directly to the normal ward post-
operatively). Values given as absolute count and % of all patients within the total cohort.

NIU, No ICU — Unless; i.v., intravenous.

17%; p=0.786; Fig. 2). Further analysis of the time point at
which complications occurred, either before or after the first
24 h following surgery, showed that most complications in both
NIU and control groups occurred after the first 24 h postopera-
tively (67% in the NIU group and 54% in the control group).

Fig.2 Postoperative com-
plications.Percentage of the
total cohort of postoperative
complications subdivided into
early (<24 h after surgery) and
late (> 24 h after surgery). (a)
NIU group: of the 16% overall
complication rate, 33% occurred
within the first 24 h following
surgery with the remaining
complications occurring after
24 h. (b) Control group: the
overall complication rate was
17%; 46% of these complica-
tions occurred within the first
24 h following surgery and 54%
occurred after 24 h postopera-
tively

a)
M Complication
No Complication
B<24 hours
0>24 hours

b)
® Complication
No Complication
B<24 hours
0>24 hours

In the NIU group, 7/15 (46%) of the complications
occurred in the normal ward, with one patient suffering two
early postoperative complications (hemorrhage and stroke).
In the control group, 6/13 (46%) complications occurred in

the normal ward.
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One patient suffered two complications during the inpa-
tient stay (seizure and stroke).

Surgical intervention was required in 9/15 (60%) of
complications occurring in the NIU group (five evacuations
of hemorrhage, two implantations of external ventricular
drains, and one re-resection due to space-consuming residual
hemorrhaging tumor mass).

Within the control group, 3/13 (23%) complications
required surgical intervention (two evacuations of hemor-
rhage and one re-resection due to space-consuming residual
tumor mass).

A detailed summary of all postoperative complications is
found in Table 6 and Table 7.

Pre- and postoperative mRS

There was no significant change in the distribution of preop-
erative (p =0.960) and postoperative (p =0.425) mRS scores
in the NIU group and the control group with the majority of
patients in both groups having a pre- and postoperative mRS
score of 1 (Fig. 3).

Discussion

Results of the current study demonstrate that postoperative
management of elective cranial neurosurgical procedures is
safe with a comparable complication and risk profile com-
pared to standard postoperative ICU management. Most
complications occurred later than 24 h following surgery, in
which case patients are usually already on the regular ward.
Outcome analysis at discharge from the hospital found that
the “No ICU — Unless” concept resulted in comparable mRS
distribution compared to the control group which underwent
automatic postoperative ICU observation.

Postoperative care in patients undergoing elective
craniotomy

The results of this study support previous findings in screen-
ing post-craniotomy patients for the need for ICU admission.
Bui et al. [3] compared routine ICU admission to normal
ward admission in 343 patients after elective craniotomy and
identified long duration of surgery, anesthesiologic risks,
and high intraoperative blood loss as predictors for required
ICU admission. A further retrospective study including 400
patients identified advanced age and diabetes as independ-
ent predictors for necessary postoperative ICU monitoring
[6]. Overall, no study could reveal routine ICU admission
in all postoperative patients as significantly beneficial for
in-hospital morbidity and mortality [2—4, 6, 7].

Despite the reduction of automatic postoperative transfers
to the ICU within the NIU group, implementing the “No
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ICU - Unless” concept does not entirely exclude the a priori
allocation of selected patients to the ICU following surgery.
To date, evidence-based solid criteria that can effectively
identify patients who would most profit from postoperative
ICU observation do not exist. Our study identifies patients
who will require ICU observation based on pragmatic cri-
teria which can guide neurosurgeons and anesthesiologists
in daily practice.

First, we initiate ICU observation in patients undergo-
ing resection of large infratentorial lesions, as the previous
series have shown that up to 43% of these patients required
re-transfer to the ICU from the normal ward and approxi-
mately 4% required re-intubation [2]. Furthermore, lesions
affecting lower cranial nerves may promote dysphagia and
aspiration, so we routinely transfer patients with such lesions
to the ICU [6]. Finally, patients with altered levels of con-
sciousness prior to surgery were also routinely transferred
to the ICU to observe and react to persisting or worsening
neurological deficits.

In our study, the common reasons for unscheduled ICU
admission within our “No ICU — Unless” group included
intraoperative complications (8/96 patients) and unforesee-
able prolonged surgical time (4/96 patients). Hanak et al.
[6] identified intravenous blood pressure management as the
most frequent type of ICU treatment modality, as it was also
found in both of our cohorts. Most patients received observa-
tion and monitoring alone after being admitted to the ICU
(45% of all patients within the NIU group).

Early postoperative complications

In our analysis, most complications occurred after the trans-
fer of the patient to the normal ward after 24 h of observation
(67%). More importantly, the incidence of complications
did not increase after introducing the “No ICU — Unless”
policy (16% in the NIU group vs. 17% in the control group;
p=0.786). These observations are in line with previously
reported data on postoperative complications [8]. Impor-
tantly, no increase in complications has been described when
patients were managed in the normal ward after surgery [7].
One study reported a statistically significant reduction of the
complication rate from 0.98 to 0.53 per patient after chang-
ing the management of post-craniotomy patients to a normal
ward setting [7].

The most common postoperative complication requiring
surgical intervention in both the NIU and control groups was
postoperative hematoma (9% in the NIU group and 7% in the
control group; in both groups, 7% of all hematomas required
surgical intervention).

Between both groups, three hemorrhages occurred
within the first 24 h after surgery. The rate of postoperative
hematoma following elective craniotomy has been reported
to reach 1-4%; of these, only 2,1% required operative



3443

Neurosurgical Review (2022) 45:3437-3446

po10IsI3ar 3s1y sem uonedsrdwod Yy dwrn 2y Je sem juened oy yorym uo prem pue Guiodowun 9y ‘SUOHLISJIUBW [BIIUI[O oY) pue suonedljdwod jo uondriosop ‘A1edins JulA[ropun ‘sisouserq

*QULIOJI}[NW BUWIOISB[QOIS ‘gD ‘pIem [BULIOU ‘N <SUISBWI 90URUOSII OTIQUTRW ¢ [y J{ 9[RS UDURY Py
-IPOW “§Yud JTUN DIBD JATSUIUT /)] OFRUIIOWAY [BIGOISIRIIUT ‘7] ‘UTRIP IR[NOLNUA [BUIX ‘JAF ‘oFeyrioway [empido ‘@7 ‘e[nisy snouaAoLIdlIe [enp ‘JAYp ‘Ayderowo) payndwod ‘7

*95IeYOSIP pUE UOISSTWPE Je SYU Sk [[om st papnpour st SurSewr yons jo jurodowr) o) ‘paurtojrad sem SurSewr Jy “(pIem [ewwIou "sa (J])

uvc
¢ € A193mg LIN sisaredruoy MN e (HQg) s5eyrowoy NGO 6
C C SUON - SUON MN (fenuaproun) 4 96 (HaA) °SeyLIowoy eworSorjsuen €L
yc U +¢ 4Dl
S I K1331g 1D erseyde + sisoredruroy noI 4 ( :9yons (HD1) 28eyriowoy + aons Wgo 99
I I SUON - QUON MN (fenusproun) y L¢ (HOD) 98eyrIoway JAVP 6S
0 0 £123mg - QUON MN (fenuaproun) y gy (HQA) dSeyrowsy WNgD €S
yeL
1O
4 (ssexdoxd) y gL
I I £108mg LIN erseqdy MN  (renueprour) 47 (HaH) o5eyrIowoy RWOTSUTUIN 4%
yor ssou
9 I K1931g 10 -SNOIJSUOD PAONPIY noI ygi (HDI) °Feyowoy SISBISEIOIN Iy
U8ty eIXRIR ‘SSOU
T C and IIIN -SNOIJSUOD PAINPAY MN y 8P snreydosoIpAH SISBISRIOIN o¢
qyor ssou
1 I aad 1D -SNOIOSUOD PIdNPY NnoalI qor (HOI) o3eyrowoy BWOTSUTUIN 9¢
ycL BIpIED
I I uonen3eoonuy 1D -Apeiq ‘doip uonernies noI yzL wisIjoquid [euow[ng BUWOISUTUIIA w
uon
-mnsqns 1o19red
I I NI 03 1oysuel], - ELEN MN 874 eruedojooquiory, NED LT
LR SSO[
+ S K1931ng 1D dASS 2aneradoenuy noI1 ' BWAP? + (HOH) 25eyLIoWwoy BWOIAO01SY 11
spaw
Tejowrsorad Ay BWAPI + (JATS
0 0 XL QAIS[NAUOONUY - eiseydsApyerseydy ale)i qyo -[NAUOD-UOU) INZIDS BUWOISUTUIIA 6
X, QAIS[NAUOD ygi doip uoneinjes ‘ssou
1 I -Due fuoneqmul-ay 1D -SNOIOSUOD PAINPAY no1 yzl (rew pueis) 2Inz1og Wgo ¥
(doysod
a31eyosIp  uoISSIWIpe SINOY) (doysod
je Sy Je Sy Aderoyg, Surdewy uonejuesaid [esrur) pPIeAA sinoy) jurod oui], uoneordwo) sisougerq ‘ou juaned

dnoi3 _ssapun — NDI ON,, 9y ut suonedrdwods aaneradoisod ALres Jo Arewwuns pafreloq 9 sjqel

pringer

a's



Neurosurgical Review (2022) 45:3437-3446

3444

*QULIOJII[NW BUWIOISB[QOLS ‘gD ‘PIem [BULIOU ‘N <SUISRWI 9OUBUOSII JJOUSBUL ¢ [y J4 3[LIS U UBY PIYIPOW ‘S SJIun 918D
QIBIPIWLIAUIT ‘AT “ITUN TR JAISUIIUT “/))] ‘9SeYIIOWY [BIGRIDRIUT ‘F7)] ‘UTRIP IR[NOLNUA [RUINXD ‘AT ‘oSeyrroway Tempids ‘fyqyg ‘AydeiSowo) payndwood ‘1) ‘pmy 1eurdsoiqarsd ‘7§

*93IeyOSIP pUL UOISSIWPE J& SYW SB [[om SB papn[oul st urdewr yons jo jurodowr) ay) ‘pauwrtojrad sem urSewr J “(pIrem [ewwiou "sa D))
pa10Isi3al 31y sem uonedridwod ay) awn dy) Je sem juaned oy) YoIym uo plem pue ‘Juiodowr) o) ‘SUONRISIIIURW [OIUI[O J13Y) pue suonedrdwos jo uondiurosop ‘A193ms Surkjropun ‘sisoudelq

yg ssou
9 I QUON LD -Snordsuod padnpay NndI US  (HOD eSeyLowsy proutopidyg 91
yel ssau (oA1S
1 1 XI QAIS[DAUOONIUY 1D -SnOIosuod paonpay ol Y6l -[NAUOD-UOU) QINZIAS NgoD 191
BUIOU
I I K1331g - punom 3urzoQ MN y g B[MISY JSD  -UBMUDS JB[NQTISOA LS1
(renuoproun) 4 ¢
I 0 NDI 01 YHUs LD QUON MN yvg  (HOI eSeyliowsy RUWOISUTUA Lyl
spoul Je[
-owsoradAy ‘uomn qor1
C [ -e[nuea paguojoid 1D dDI pasealdu] NnaI yo euopy BWOISUTUIN 1
OINI 01 Jiys skep ¢
¥ 1 ‘uone[nSeoonuy v-1D swoydwAs L AQ MN skep ¢ wISI[OqUI9 [eUOW[Ng gD 611
yg do jsod sts
14 I auoN LD -orediwoy ‘erseydy ndI 40 ajons BUIOIBUIUSIA €l
ycL SIsal
+ 4 K1931g 1D  -edrwoy ‘erseydy MN yzL  (HDI) 98eyrowoy BUWOISUTUIIA 601
SSQUSNOIOS
yzL -uod paonpal
9 uoneyrwy Aderoyy, 10 ‘BLIOJOSTUY N0I yzL  (HDI) @Seyriioway ewoAdwyg 201
q6c
1D (9AIS[NAUOD-UOU)
NDI 01 Y1ys ‘qg sisored MN :oInziog Y 67 :2InzZI1og Inz1as + (Jorejur
I 1 XI 9AIS[NAUOOTIUY AR s.ppog, ‘erseydy NI :9yons y () :oons I9UQNAY) 9oNS wsKInauy 101
Asred
48z JAIQU SUAONPQR QuIN[OA
C T uonodsal [ed1ding LN pue J0jJ0WO[NOQ MN 4oz Iown) [enpIsay — BWOUdPE AR 001
ye
(4 (4 QuON LD eiseqdy fale) U¢  (HOD eSeyrioudy RWOTSUTUIN 86
Q3IeyOSIp  UOISSTWpE (doysod uorn (doysod
Je yu BLNN (014 Aderoyg, smoy) SuiSew]  -ejudsaxd [eorur) prepy  sinoy) jurod owir], uonesrdwo) sisougerq ‘ou Juaned

dnoi3 jonuoo ay) ur suonesrdwos aaneradolsod AfTes Jo Arewrwns paqrenq [ ajqer

pringer

Qs



Neurosurgical Review (2022) 45:3437-3446

3445

100% —
90%

80%

70%
60%
50%
40%
30%
20%
10%

% of total

0%
preoperative
"No ICU -
unless"

postoperative preoperative

Control group

postoperative
0001 02@m4mE5m6

Fig.3 Pre- and postoperative mRS scores are presented as percent of
the total in each of the No ICU — Unless and control groups at pre-
and postoperative time points

evacuation in the first 30 days after surgery [8]. Analysis of
a series of 50 postoperative hematomas [12] revealed that 44
occurred within the first six hours after surgery. Six (12%)
hemorrhages occurred later than 24 h. A further study found
16% of neurologic complications in 168 post-craniotomy
patients, with 85% of complications occurring in the first
two hours after surgery [9].

Taken together, 24-h observation and monitoring in the
ICU to rule out early postoperative complications, most
likely hemorrhage, may not be considered effective as only
1,7% of postoperative hemorrhages in our study occurred
within 24 h. Observation up to a 6-h recovery room may also
be sufficient [1-3, 5, 7, 8, 10, 11].

ICU capacity in times of COVID-19

According to the German Intensive Care Unit Register
(DIVI), the capacity of available ICU beds in Germany
decreased from approximately 12.000 at the beginning of
the pandemic in March 2020 to approximately 2.200 dur-
ing the fourth wave of the pandemic in November 2021 [4].
As this pandemic is ongoing, strategies for ICU capacity
management are more critical than ever. The concept of “No
ICU — Unless” may therefore not only serve as a clinically
relevant postsurgical management strategy for neurosurgi-
cal patients but may also assist in relieving strain on the
healthcare system.

Limitations of our study include the single-center,
retrospective design, limiting the ability to general-
ize these initial results to other centers. Further stud-
ies should include a multicentric evaluation of the “No
ICU - Unless” concept and include long-term follow-
up in centers which have also been heavily impacted by
pandemic-associated limitations in order to validate the
results of our single-center analysis.

Conclusion

We found that routine postoperative ICU management does
not reduce postoperative complications and has no effect on
the surgical outcome of patients after elective craniotomies.
Most postoperative complications were detected after a 24-h
observation period. This approach may represent a potential
strategy to prevent the overutilization of ICU capacities while
maintaining sufficient postoperative care for neurosurgical
patients. In our experience, the preoperative assessment of
patients for postoperative ICU admission should be a team-
based decision of experienced neurosurgeons and anesthesi-
ologists in which comorbidities should be considered.
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