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Abstract

Background: Unplanned ICU admission after surgery has been validated as a measure of a quality indicator of perio-
perative management because it may put surgical patients at risk of increased morbidity and mortality. Postopera-
tive unscheduled admission to the ICU is usually determined either in the post-anesthesia care unit (PACU) or in the
general surgical ward; however, it could be expected patient outcomes after ICU admission would be affected by the
circumstances. The purpose of this retrospective observational study was to investigate the clinical characteristics and
the outcome of unplanned admission to the ICU directly from the PACU or from the ward within 7 days after PACU
discharge.

Methods: Forty-three thousand, five hundred fifty-three patients admitted to the PACU after general anesthesia were
included in the study. Unplanned ICU admission was defined as the admission which was not anticipated preop-
eratively but was due to adverse events in the PACU (PACU group) or the ward after discharge from the PACU (Ward
group). The following parameters were compared between the groups: patient characteristics, surgical characteristics,
length of ICU and hospital stay, the principal adverse event for ICU admission, treatments in the ICU, and in-hospital
mortality. The primary outcome was in-hospital mortality and the second was the length of ICU and hospital stay.

Results: Among 43,553 patients, 109 patients underwent unplanned ICU admission directly from the PACU (n=
73,0.17%) or subsequently from the ward (n= 36, 0.08%). The length of both ICU and hospital stay was significantly
longer in the Ward group than in the PACU group (1.4 and 19 days vs. 2.5 and 39 days, respectively). There was no
significant difference in in-hospital mortality between the groups (4.1% vs. 8.3%, respectively).

Conclusions: The incidence of unplanned ICU admission after PACU stay was low, however, delayed admission to the
ICU from the ward may prolong the length of both ICU and hospital stay compared to those directly from the PACU.
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Backgrounds

The admission to the intensive care unit (ICU) of the
surgical patient is evaluated preoperatively considering
the severity of the patient’s comorbidities and the risk
of the surgical procedure. However, some patients may
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need unplanned ICU admission because of unexpected
postoperative adverse events or abrupt deterioration.
Unplanned ICU admission after surgery has been vali-
dated as a measure of patient safety and a quality indi-
cator of perioperative management because it may put
surgical patients at risk of increased morbidity and mor-
tality [1, 2].

Indeed, postoperative unscheduled admission to the
ICU is usually determined either in the post-anesthe-
sia care unit (PACU) or in the general surgical ward, it
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could be expected patient outcomes after ICU admission
would be affected by the circumstances: the timing when
adverse events are recognized, the place where adverse
events happen, and who decides ICU admission. Thus,
we considered the investigation of the clinical features
of adverse events leading to unplanned ICU admission
would contribute to the improvement of postoperative
care either in the PACU or the ward. The aim of this
study was to investigate patient characteristics and out-
comes of unplanned ICU admission from the PACU or
the ward within 7 days after PACU discharge.

Methods

This retrospective observational study was reviewed and
approved by the Ethics committee of the Jikei University,
Tokyo, Japan. The need for informed and written con-
sent was waived because of the nature of the retrospec-
tive study by Clinical Research Review Board of the Jikei
University. This single-institution retrospective study was
performed in accordance with the Declaration of Hel-
sinki and Clinical Trials Act established by the Japanese
Ministry of Health, Labour and Welfare.

Patients who underwent general anesthesia and were
also monitored postoperatively in the PACU between
July 2009 and December 2018 at a 1075-bed university
hospital with a 20-bed ICU were included in the study.
Among these patients, those who were admitted to the
ICU unexpectedly within seven days after the surgery
were retrospectively assessed using the electrical records.
Unplanned ICU admission was defined as the admis-
sion which was not anticipated preoperatively but was
due to adverse events in the PACU (PACU group) or
the ward after discharge from the PACU (Ward group).
We excluded the following patients from the analysis:
patients younger than 20 years of age, patients who were
already in the ICU before surgery, and patients who were
transferred to the ICU directly from the operating room
(OR).

At our institution, there are no specific criteria for ICU
admissions after surgery. The decision of postoperative
ICU admission is made preoperatively on a case-by-
case basis by the surgical team in consultation with the
anesthesia team in the OR. Patients who are scheduled
for postoperative ICU care and those who are deemed
worth the ICU care owing to unexpected deterioration or
adverse events during the surgery are transferred directly
to the ICU from the OR, while the other patients are
admitted to the PACU from the OR and then transferred
to the ward after the evaluation according to the PACU
discharge criteria base on the modified Aldrete score [3].

The following data were collected for the analy-
sis: patient characteristics including gender, age, body
mass index, and American Society of Anesthesiologists
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physical status (ASA-PS); surgical procedures performed;
length of surgery and anesthesia; length of PACU stay;
the principal adverse event for ICU admission; treat-
ments in the ICU; length of stay in the ICU and hospi-
tal; and in-hospital mortality. The primary outcome was
in-hospital mortality and the second was the length of
ICU and hospital stay. Data were expressed in the median
with interquartile range, or number with percentage,
where applicable. The patients admitted into ICU from
PACU were compared to those admitted from the ward
by using Mann—Whitney U test with Bonferroni correc-
tion or chi-square test where appropriate. P<0.05 was
considered statistically significant.

Results

During the study period, 43,553 patients underwent
general anesthesia and were admitted to the PACU.
Among these patients, 109 patients (0.25%) underwent
unplanned ICU admission directly from the PACU or
subsequently from the ward: seventy-three from the
PACU (0.17%) and thirty-six from the ward (0.08%). Both
groups were similar in terms of patient characteristics
including preoperative physical status and comorbidi-
ties (Table 1). Surgical and anesthesia procedures; and
operative and anesthesia time were also similar between
the groups, although the length of PACU stay was sig-
nificantly shorter in the Ward group than in the PACU
group (p<0.01) (Table 2).

The variation of the adverse events was comparable
between the groups except for anesthetic events includ-
ing delayed emergence and postanesthetic agitation
which were more frequent in the PACU group. The
most frequent adverse events leading to unplanned ICU
admission were cardiovascular events followed by res-
piratory ones (Fig. 1), which was common among the
groups. Hemodynamic instability including both hypo-
tension and hypertension which required vasoactive
and/or inotropic agents was the major cardiovascular
event (Table 3). Concerning respiratory events, hypoxia
was the most frequent adverse event (Table 3), although
there was no difference in the number of patients who
needed re-intubation or mechanical ventilation includ-
ing non-invasive positive pressure ventilation (NPPV)
between the groups (Table 4). The implementation of
major interventions for the adverse events including
mechanical ventilation, temporary hemodialysis, and
circulation support such as extracorporeal membrane
oxygenation (ECMO) was more frequent in the Ward
group than in the PACU group: 13 interventions for the
PACU group and 16 for the Ward group, respectively
(p<0.01) (Table 4). Although twenty-two patients in the
Ward group (61.1%) were admitted to the ICU within
3 days after discharge from the PACU (Table 5), there
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Table 1 Patient characteristics
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Number (%) or Median (interquartile

range)

PACU group (n=73) Ward group (n=36)

Gender

Male 38 (51%) 21 (58%)
Age (years) 70 (58-77) 70 (60-78)

20-40 5(6.8%) 1(2.8%)

41-60 16 (21.9%) 8(22.2%)

61-80 45 (61.7%) 22 (61.1%)

>80 7 (9.6%) 5(13.9%)
Height (cm) 159 (152-167) 162 (159-169)
Weight (kg) 56 (48-74) 57 (49-62)
BMI (kg/m2) 22.4(20.1-26.1) 21.2(19.8-24.1)
ASA-PS

| 14 (19.2%) 3(8.3%)

Il 48 (65.8%) 24 (66.7%)

Il 11 (15.0%) 9 (25.0%)
Preoperative comorbidities

Hypertension 36 17

Coronary artery disease 8 5

Chronic heart failure 2 2

Arrhythmia 6 5

Peripheral artery 2 2

disease

Diabetes Mellitus 17 9

Chronic kidney disease 10 9

Hemodialysis 4 6

Cerebral infarction 6 3

Seizure 2 1

Some of the comorbidities were overlapped

was no relationship between ICU admission and pre-
operative comorbidities or surgical procedures of each
patient except for 3 cases of surgical bleeding. Cardio-
vascular events occurred most frequently during post-
operative day (POD) 1 to 3, which occupied 28% (10
events) of the events in the Ward group (Table 5).

The length of ICU stay was significantly longer in
the Ward group than in the PACU group (p<0.01).
Almost 95% of the patients in the PACU group were
discharged from the ICU within 2 days after the admis-
sion, although 47% of those in the Ward group stayed in
the ICU for more than two days (Table 6). The percent-
age of patients who stayed in the hospital for longer
than 30 days after surgery was significantly higher in
the Ward group than in the PACU group (27.4% vs.
58.3%, p<0.01); accordingly, the length of hospital stay
was also longer in the Ward group than in the PACU
group (p<0.01) (Table 6). Nevertheless, there was no
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Table 2 Characteristics of surgical procedures and anesthesia
care

Number or Median (% or interquartile
range)

PACU group (n=73) Ward group (n=36)

Emergency Surgery 12 (16%) 6 (17%)
Surgical Procedures

Neurosurgery 1 2

Head and neck surgery 11 1

Thoracic surgery 4 0

Gastrointestinal surgery 14 12

Gynecological surgery 7 1

Urology 12 6

Bone, joint, limb 14 6

surgery

Spine surgery 5 3

Vascular surgery 1 1

Others 4 4
Operation time (min) 199 (112-280) 182 (119-328)
General Anesthesia

Sevoflurane or Des- 69 (95%) 33(92%)

flurane

with EDB or PNB 32 (44%) 16 (44%)
TIVA 4 (5%) 3(8%)
with EDB or PNB 2 (3%) 1(3%)

Anesthesia time (min) 281 (179-372) 272 (179-417)
PACU time (min) 89 (52-117) 52 (30-74)*

PACU Post-anesthesia care unit, EDB Epidural block, PNB Peripheral nerve block,
TIVA Total intravenous anesthesia

" p<0.01 vs. PACU group

significant difference in in-hospital mortality between
the groups (4.1% vs. 8.3%, respectively) (Table 6).

Discussion

In this retrospective study, we examined the clinical char-
acteristics of patients who experienced unplanned ICU
admission from the PACU and the ward. Several stud-
ies have investigated the clinical characteristics or out-
comes of unplanned ICU admission after surgery [1, 2];
however, our study focused on the comparison of clinical
features between direct admission from the PACU and
delayed admission from the general ward.

The overall incidence of unplanned ICU admission
after general anesthesia in our institute was 0.25%, which
was relatively low considering the results of previous
reports ranging from 0.28% to 2.2% [4-7]. The variation
in the incidence of unplanned ICU admission among
the previous studies may be attributed to the difference
in the definition of unplanned ICU admission, inclusion
criteria, or institutional practice. In our study, 67% of the
patients who experienced unplanned ICU admission had
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Fig. 1 Percentage of adverse events leading to unplanned ICU admission in each group. The most frequent adverse events leading to unplanned
ICU admission were cardiovascular events followed by respiratory ones. Anesthetic events were specific to the PACU group

Table 3 Adverse events leading to unplanned ICU admission

PACU Ward

?,:it;g) ?,:igg) Table 4 Treatments for adverse events in ICU *

. . PACU Ward
Cardiovascular events hypotension 13 4 group group
hypertension 6 0 (n=73) (n=36)
arrhythmia 4 1 . R i o
. Invasive intervention mechanical ventilation® 7 7
heart failure 2 4 NPPY < 4
myocardial ischemia 3 2 HENC ; ;
pulmonary embolism 0 3 )
: hemodialysis 1 4
cardiac arrest 1 1
. ECMO 0 1
anaphylaxis 1 0 i
. . reoperation 0 2
Respiratory events hypoxia 21 5
) others 2 2
hypercapnia 1 0
Medication vasoactive/inotropic 12 7
pneumothorax 1 1 drugs
pneumonia 0 2 antiarrhythmics 4 0
airway obstruction 3 1 diuretics 1 4
Neurological events stroke 1 1 sedatives P 0
involuntary movement 1 0 anticoagulants 0 3
selzure 0 2 antibiotics 0 4
Anesthetic events delayed emergence 9 0 others 5 5
agitation 2 0 Transfusion RBC 3 1
Surgical events surgical site bleeding 4 3 FFP 3 0
anastomotic leakage 0 2
. . NPPV Non-invasive positive pressure ventilation, HFNC High-flow nasal cannula,
Infection Sepsis 0 3 ECMO Extracorporeal membrane oxygenation, RBC Packed red blood cells, FFP
Others gastrointestinal hemor- 0 1 fresh frozen plasma
rhage @ Some of the treatments are overlapped

b Accompanied by re-intubation
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Table 5 Time point of ICU admission and adverse events in Ward group
<POD1 POD 1-3 >POD 3
Cardiovascular events hypotension without definite diagnosis 1 1 2
arrhythmia 1
congestive heart failure 302 1(1)
myocardial ischemia 1(1) 1
pulmonary embolism 3(1)
cardiac arrest 1(1)
Respiratory events atelectasis 2 2 1(1)
pneumothorax 1
pneumonia 2(1)
laryngeal edema 1
Neurological events stroke 1
seizure 1 1
Surgical events surgical site bleeding 1(1) 2(2)
anastomotic leakage 22
Infection sepsis (1) 2(1)
Others gastrointestinal bleeding 1(1)

(): number of patients who received major interventions including mechanical ventilation, circulation support, hemodialysis, or re-operation. POD Postoperative day

Table 6 Length of ICU and hospital stay, in-hospital mortality

Median (interquartile) or
Number (%)

PACU group Ward group

Length of ICU stay (days) Median 14 (14-15) 25 (1.5-3.5)*
1-2 days 69 (94.5%) 19 (52.8%)*
>3days 4(5.5%) 17 (47.2%)*

Hospital stay >30 days after 20 (27 4%) 21 (58.3%)*

surgery

Length of hospital stay (days) 19 (10-40) 39 (18-89)*

In-hospital mortality 3 (4.1%) 3 (8.3%)*

“p<0.01 vs. PACU group

adverse events in the PACU and 33% in the ward, with
no statistical difference. Cardiovascular and respiratory
events were the most frequent adverse events in both
groups (Fig. 1); hypoxia and hypotension accounted for
40% of all adverse events. These events seemed more
frequent in the PACU group although there was no sta-
tistical difference (Table 3). This tendency might be
attributed to the anesthesia-related factors such as resid-
ual effects of anesthetic agents considering delayed emer-
gence and agitation were specific to the PACU group
and accounted for 10% of all adverse events. Haller and
colleagues described hypotension and persistent oxygen
desaturation accounted for about 40% of incidences lead-
ing to unplanned ICU admission, which was similar to
the results of our study [1]. Rujirojindakul and colleagues
found 164 cases of re-intubation in the PACU out of
117,502 patients undergoing general anesthesia (0.14%)

[8], although the overall incidence of re-intubation in our
study was 0.03% with no difference between the groups.
This low incidence of re-intubation might be partially
attributed to the implementation of NPPV or high-flow
nasal cannula, although the incidence of respiratory sup-
port including these therapies was as low as 0.06%; hence,
we consider the incidence of respiratory support in this
study was clinically acceptable.

However, the major interventions including mechani-
cal ventilation (invasive or non-invasive), temporary
hemodialysis, and ECMO were more frequently imple-
mented in the Ward group than in the PACU group. And
the length of both ICU and hospital stay was significantly
longer in the Ward group. Notably, 95% of the patients
in the PACU group were discharged from the ICU within
2 days after admission, although almost half of those in
the Ward group stayed in the ICU for more than 2 days.
Considering these results and a trend of higher in-hos-
pital mortality in the Ward group, it could be consid-
ered the patients in the Ward group suffered from more
severe complications than in the PACU group. Interest-
ingly, the length of PACU stay was significantly shorter
in the Ward group, which may indicate the Ward group
was as stable as they could satisfy the discharge criteria
of the PACU. In contrast, the longer length of PACU stay
in the other group might reflect the exertion to manage
the adverse events which were beyond the level of care
in the PACU. A previous study, in which the influence of
the length of PACU stay on clinical outcomes was exam-
ined, indicated prolonged PACU stay was associated with
a higher incidence of clinical deterioration in the ward
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within 24 h after discharge from PACU [9]. These results
may suggest prompt decision-making for ICU admis-
sion would be crucial if a certain level of intervention or
intensive monitoring is necessary in the PACU. Actually,
95% of patients in the PACU group were discharged from
the ICU within 2 days. Concerning the adverse events
in the Ward group, the cardiovascular ones, which were
not directly related to the preoperative comorbidities or
surgical procedures, occupied 41.7% of the events. And
the patients with cardiovascular events, especially during
POD 1 to 3, were prone to receive major interventions in
the ICU. As it would have been difficult to predict these
events from preoperative comorbidities or surgical pro-
cedures in each patient, postoperative patient evaluation
according to certain evaluation criteria such as Clavien-
Dindo classification or modified one in the ward within 3
postoperative cardiovascular complications. Early detec-
tion of postoperative complications would be crucial
because unplanned ICU admission from the ward has
been also shown associated with increased emergency
hospital readmission after surgery [10].

Unplanned ICU admission is associated with increased
morbidity and mortality [11, 12], and has been shown to
be an important safety measure of anesthesia and surgi-
cal care [1, 2]. Gillies and colleagues demonstrated higher
mortality and greater requirement for organ supports in
patients with delayed admission to the ICU after initial
ward care, compared to those directly admitted to the
ICU from the recovery room or in their retrospective
study which included more than 500,000 surgical patients
[12]. Although we could not show a significant difference
in mortality between the groups, we consider a trend of
higher in-hospital mortality in the Ward group does not
contradict the results of the work by Gillies.

It is eligible to identify risk factors for unplanned ICU
admission to improve patient safety and outcome. Previ-
ous studies have indicated several predictive factors for
postoperative unplanned ICU admission such as higher
ASA-PS, advanced age, elevated BMI, and prolonged sur-
gical procedure [1, 13, 14]. However, we could not iden-
tify either a difference in patient characteristics between
the groups or a specific factor related to unplanned ICU
admission in this study. Because high-risk patients evalu-
ated as ASA-PS 4 or higher were scheduled for the post-
operative ICU admission in our institute, the patients
undergoing unplanned ICU admission were evaluated
as ASA-PS 3 or less in this study, although the previous
ones included the higher ASA-PS. Moreover, our patients
were generally thinner than those in the previous stud-
ies, and only a few patients presented BMI of more than
thirty in this study group. These patient characteristics
might partly explain why we could not find a predictive
factor associated with unplanned ICU admission in this
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study, however, there could be a certain probability of
adverse events independent of patient characteristics or
surgical procedures.

As this was a retrospective study, the contribution of
the PACU to the improvement of the patient outcome
could not be determined directly. However, early detec-
tion of the adverse events and prompt intervention would
at least work well to ameliorate the symptoms. A pro-
spective large-scale study would be eligible to prove the
significance of the PACU to improve patient outcomes.
Furthermore, a bias of the patient selection for ICU
admission might have affected the clinical course after
the ICU admission. The ICU admission is usually deter-
mined by the anesthesia team in the PACU and by the
surgical team in the ward. And the threshold of decision
for the ICU admission in the PACU group could have
been lower than in the Ward group because the anes-
thesia team is more familiar with patient care in the ICU
than the surgical team, which may partly explain the bet-
ter outcome in the PACU group. However, this bias could
be common in the previous studies because the PACU
is managed by the anesthesiologists in most institutions
and decision-making for ICU admission is dependent on
case-by-case consideration rather than definite criteria.
Thus, it is speculated this bias did not affect the inter-
pretation of the results in this study. In contrast to the
previous studies that indicated preoperative or operative
risk factors for unplanned ICU admission [1, 13, 14], we
could not find specific risk factors in this study. Although
the size of the study population was not too small com-
pared to the previous ones, a relatively low incidence of
unplanned ICU admission might have affected the analy-
sis of predictive factors for unplanned ICU admission
from the ward. However, at least the results of this study
indicated that delayed ICU admission was related to the
need for major interventions and prolonged both ICU
and hospital stay.

Conclusions

The incidence of unplanned ICU admission after PACU
stay was low in this single-center, retrospective, obser-
vational study. However, delayed admission to the ICU
from the ward prolonged the length of both ICU and hos-
pital stay compared to direct admission from the PACU.
Early recognition of the adverse events and prompt deci-
sion-making for ICU admission might be associated with
the shortening of ICU and/or hospital length of stay. A
future prospective study would elucidate the importance
of appropriate monitoring and prompt decision-making
for ICU admission in the PACU would improve patient
outcomes.
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