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Abstract

Purpose: Outcomes after emergency laparotomy (EL) are poor. These patients are

often admitted to an intensive care unit (ICU). This study explored outcomes in

patients who were admitted to an ICU within 48 h after EL.

Materials and Methods: This retrospective single-center registry study included all

patients over 16 years of age that underwent an EL and were admitted to an ICU

within 48 h after surgery in Oulu University Hospital, Finland between January 2005

and May 2015. Survival was followed until the end of 2019.

Results: We included 525 patients. Hospital mortality was 13.3%, 30-day mortality

was 17.3%, 90-day mortality was 24.2%, 1-year mortality was 33.0%, and 5-year

mortality was 59.4%. Survivors were younger (57 [45–70] years) than the non-

survivors (73 [62–80] years; p < .001). According to the Cox regression model, death

during the follow-up was associated with age, APACHE II-score, lower postoperative

CRP levels and platelet count of the first postoperative day, and the admission from

the post-anesthesia care unit (PACU) to the ICU instead of direct ICU admission.

Conclusion: Age, high APACHE II-score, low CRP and platelet count, and admission

from the PACU to the ICU associated with mortality after EL in patients admitted to

an ICU within 48 h after EL.
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Editorial Comment

Decisions on postoperative ICU admission following emergency laparotomy involve both sur-

geons and intensivists. Conventional prognosis factors indicate high risk for unfavorable out-

comes. This long-time follow-up underlines the difficulties involved. A take-home message is

that an optimal care and decision-making both preoperatively and postoperatively are in the

best interest of these patients.
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1 | INTRODUCTION

Emergency laparotomy (EL) is among the most common surgical oper-

ations. Typically, patients undergoing EL are elderly with several

comorbidities.1–4 Previous studies have shown that emergency sur-

gery is associated with high morbidity and mortality.1,2,4–7 The

reported 30-day mortality rates have varied between 11% and 20%;

moreover, up to 30% of the patients have experienced major postop-

erative complications.8 Various tools for identifying the high-risk

patients have been introduced, but none have been optimal.9

Due to the high rate of postoperative complications and the high

mortality associated with EL, premeditated immediate postoperative

intensive care unit (ICU) admissions are common. The previous studies

have shown that the postoperative ICU care and standardized periop-

erative protocols for high-risk abdominal surgery may reduce mortal-

ity and morbidity after an EL.10–12

In the present study, we explored outcomes in patients admitted

to an ICU within 48 h of EL and perioperative factors associated with

death during the follow-up period.

2 | MATERIALS AND METHODS

This retrospective cohort study was conducted in Oulu University

Hospital, in Oulu, Finland. The study was approved by the hospital

administration (reference number 66/2018). Data were collected from

the electronic medical records, anesthesia charts, and the ICU patient

management system's database (Centricity Clinical Care Clinisoft, GE

Healthcare). Due to the retrospective study design and according to

the local protocol, no statement from the Ethics Committee was

required.

All patients (N = 525) had undergone an EL and were admitted to

an ICU 48 h after surgery between 1 January 2005 and 20 May 2015.

The types of operations performed are listed in Table 1.

There is a broad definition of EL, from a laparotomy performed in

an unstable patient to include also stable patients. For example, EL for

diverticulitis perforation is urgent and patient may be stable or insta-

ble. The exclusion criteria were as follows: age under 16 years old,

urgent or emergency cholecystectomy or appendectomy, emergency

or urgent laparotomies due to gynecological or trauma-related causes,

patients who came for the EL from the ICU and patients admitted to

the ICU more than 48 h after an EL.

The setting is a tertiary academic hospital providing 24/7 care for pop-

ulation of 740,000 within the hospital district. According to the local proto-

col, patients are admitted to the ICU after a high-risk surgery in case of

severe organ dysfunctions or if the expected initial need of postoperative

care is longer than 24 h. Otherwise, the patients are admitted to the post-

anesthesia care unit (PACU), from where they move to the surgical ward

when the standard local discharge criteria are met. There are 12 PACU

beds and 26 ICU beds in the hospital. The need for an ICU admission in

surgical patients is assessed before surgery is completed.

The following data were collected: age, sex, diagnosis, type and

duration of the operation, time from the end of the operation to the

ICU admission (delay), ICU length of stay (LOS), and hospital LOS. The

severity of disease was assessed with the Acute Physiology and

Chronic Health Evaluation II (APACHE II) and the sepsis-related organ

TABLE 1 Demographics of 525 patients admitted to the ICU
within 48 h of the EL

Characteristic

Survivors

N = 213

Non-survivors

N = 312 p-value

Age, years 57 (45–70) 73 (62–80) <.001

Gender, male 112 (52.6) 186 (59.6) .110

Operation duration

(min)

204 (155–263) 195 (155–244) .179

ASAa 4 (3–4) 4 (3–4) .017

ASA 1 3 (1.5) 1 (0.3) .149

ASA 2 19 (9.5) 9 (3.0) .002

ASA 3 65 (32.5) 92 (30.5) .630

ASA 4 89 (44.5) 160 (53.0) .063

ASA 5 24 (12.0) 40 (13.2) .682

Operation diagnosis

Malignancy/tumor 5 (2.3) 21 (6.7) .023

Colon/rectum

malignancy

3 (1.4) 13 (4.2) .071

GI malignancy 3 (1.4) 15 (4.8) .036

GI ulcer 7 (3.3) 25 (8.0) .026

Hernia 12 (5.6) 19 (6.1) .830

Diverticulitis/

colitis

12 (5.6) 30 (9.6) .099

Ileus/occlusion 30 (14.1) 44 (14.1) .995

Peritonitis 20 (9.4) 24 (7.7) .491

Vascular cause 14 (6.6) 32 (10.3) .143

HBP 16 (7.5) 10 (3.2) .026

Other GI diseases 21 (9.9) 34 (10.1) .703

Injury 23 (10.8) 1 (0.3) <.001

Other rare causes 1 (0.5) 14 (4.5) .007

Postoperative

complication

52 (24.4) 58 (18.6) .107

Operation type

Abdominal wall,

mesentery,

peritoneum and

greater

omentum

95 (44.6) 133 (42.6) .654

Upper GI tract 11 (5.2) 22 (7.1) .382

Small intestine and

colorectal

surgery

88 (41.3) 145 (46.5) .243

HBP 6 (2.8) 0 .003

GI complication 13 (6.1) 12 (3.8) .233

Note: Values are the number (%) or the median (25th–75th percentiles), as

indicated.

Abbreviations: ASA, American Society of Anesthesiologists; GI,

gastrointestinal; HPB, hepatopancreaticobiliary.
aMissing data n = 13/10.
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failure assessment (SOFA). The American Society of Anesthesiologists

classification (ASA) was used to estimate the patient's preoperative

risk. Postoperative levels of albumin, leukocytes, platelets, hemoglo-

bin, and C-reactive protein (CRP) were obtained from the ICU patient

data management system's database. The date of death was retrieved

from the hospital's medical records to assess the in-hospital, 30-,

90-day, 1-, and 5-year mortality rates. Patients were followed until

the end of 2019 for the long-term survival analysis.

Due to the retrospective study design, we did not perform a

power calculation to assess the sample size. Statistical analyses were

performed with IBM SPSS statistics 27 software (IBM SPSS Statistics

for Windows, Version 27.0). Categorical data are presented as the

number (n) and percentage (%). Continuous variables are expressed as

the median and 25th and 75th percentiles (25th–75th). Comparisons

were performed with Pearson's chi-square for proportional data and

the nonparametric Mann–Whitney test for continuous data. Cox

regression analyses were used to estimate the risk factors for death.

Two-tailed p < .05 were considered statistically significant.

3 | RESULTS

This study included 525 patients. Of those, 312 (59.4%) died

during the follow-up. The patient demographics are presented in

Table 1.

The survivors were younger than the non-survivors. Malignancy

and GI ulcer as operation diagnoses were more common in

non-survivors.

The non-survivors had higher Apache II and SOFA scores, and

lower first postoperative day platelet count and CRP values. The hos-

pital LOS was longer in the survivors compared to the non-survivors.

The non-survivors were primarily more often admitted to the post-

anesthesia care unit (PACU) with a later admission to an ICU (27.6%

vs 19.6%, p = .029) (Table 2).

The patient demographics and outcomes of 90-day survivors and

non-survivors are presented in Table 3. The 90-day survivors were

younger and they had higher SAPS II, Apache II, SOFA, and TISS

scores. Platelet count was lower within 90-day non-survivors. Results

of the 90-day non-survivors were in line with those who died during

the follow- up, but there was no significant difference between the

indirect ICU admissions (Table 3).

According to the Cox regression model, admission from the PACU

to the ICU, age, ASA, APACHE-score, and CRP and platelet count of

the first postoperative day were associated with death during the

follow-up (Table 4). The mortality in different time-points is presented

in Table 5.

Survival of the study population is presented in Figure 1. Patients

with indirect ICU admission had highest long-term mortality.

Admission from PACU to ICU after EL associates with 40% 5-year

survival.

TABLE 2 Outcomes of 525 patients admitted to the ICU within 48 h of the EL

Outcomes Survivors N = 213 Non-survivors N = 312 p-value Missing

SAPS II 31 (26–39) 40 (32–48) <.001 2.0

Apache II score 14 (10–18) 18 (14–22) <.001 2.2

SOFA score on admission 5 (3–7) 6 (3–8) .008 10.30

SOFA, maximum score 6 (4–9) 8 (5–10) <.001 0.2

Cumulative TISS score 127 (71–258) 124 (80–238) .996 0.0

Median TISS score/day 7 (4–13) 8 (4–20) .040 49.110

CRP, POD1 202 (133–278) 177 (109–265) .047 4.5

Hemoglobin, POD1 97 (87–105) 98 (90–108) .178 4.5

Platelet count, POD1 211 (141–294) 190 (119–281) .032 4.5

Leukocyte, POD1 11.1 (5.7–17.1) 11.3 (6.6–16.6) .883 4.5

Albumin, POD1 26 (22–32) 27 (22–32) .957 139.203

Direct admission to ICU 137 (64.3) 186 (59.6) .277

Indirect admission to ICU 41 (19.2) 86 (27.6) .029

Admission from ward to ICU within 48 h of EL 35 (16.4) 40 (12.8) .246

ICU LOS (days) 2.7 (1.4–5.5) 2.4 (1.3–5.2) .292

Hospital LOS (days) 20 (11–35) 17 (8–30) .023 49.110

Invasive ventilation in ICU 164 (77.0) 257 (82.4) .129

Duration of invasive ventilation (h) 18.0 (7.4–60.3) 17.0 (5.0–44.2) .429

Note: Values are the median (25th–75th percentiles).

Abbreviations: SAPS II, Simplified Acute Physiology Score II; APACHE II, Acute Physiology and Chronic Health Evaluation II; SOFA, sepsis-related organ

failure assessment; TISS, therapeutic intervention scoring system; CRP, C-reactive protein; POD1, postoperative day 1; ICU, intensive care unit; LOS,

length of stay.
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4 | DISCUSSION

The main findings of the present study were that advancing age, lower

CRP levels and platelet count on POD1, increasing APACHE II-score,

and indirect ICU admission were associated with death during the

5-year follow-up after EL. Additionally, we found that the 5-year mor-

tality after EL was high in patients admitted to the ICU within 48 h

from surgery; over 50% of the population had died after 5 years of

follow-up.

Our results showed that the non-survivors were more seriously ill

compared to the survivors as demonstrated by the higher SOFA and

APACHE scores. Most patients were assessed to be in a critical

TABLE 4 Variables associated with death during the follow-up in
the study population analyzed with the Cox regression model

OR (95% Cl) p-value

Direct admission to ICU 1

Admission from PACU to ICU 1.427 (1.059–1.923) .020

Admission from ward to ICU 1.022 (0.691–1.513) .912

Age 1.035 (1.025–1.045) <.001

CRP, POD1 0.998 (0.997–1.000) .008

Platelet count, POD1 0.999 (0.998–1.000) .047

APACHE II score 1.065 (1.042–1.088) <.001

Abbreviations: ICU, intensive care unit; PACU, post-anesthesia care unit;

CRP, C-reactive protein; POD, postoperative day 1; APACHE II, Acute

Physiology and Chronic Health Evaluation II.

TABLE 3 Comparison of 525 patients admitted to the ICU within 48 h of the EL

Characteristic 90-day survivors N = 398 90-day non-survivors N = 127 p-value

Age, years 64 (52–75) 73 (62–80) <.001

Gender, male 223 (56.0) 75 (59.1) .549

Operation duration (min) 196 (153–255) 208 (162–253) .212

ASA 4 (3–4) 4 (3–4) <.001

ASA 1 4 (1.0) 0 .257

ASA 2 26 (6.5) 2 (1.6) .030

ASA 3 126 (31.7) 31 (24.4) .120

ASA 4 186 (46.7) 63 (49.6) .572

ASA 5 37 (9.3) 27 (21.3) <.001

Outcomes

SAPS II 34 (28–41) 46(35–58) <.001

Apache II score 15 (11–19) 21 (16–25) <.001

SOFA score on admission 5 (3–7) 7 (4–10) <.001

SOFA, maximum score 6 (5–8) 10 (7–13) <.001

Cumulative TISS score 118 (70–229) 141 (93–400) .003

Median TISS score/day 6 (4–12) 18 (8–41) <.001

CRP, POD1 191 (120–269) 185 (95–106) .437

Platelet count, POD1 207 (141–288) 176 (77–248) .001

Direct admission to ICU 241 (60.6) 82 (64.6) .418

Indirect admission to ICU 94 (23.6) 33 (26.0) .588

Admission from ward to ICU within 48 h of EL 63 (15.8) 12 (9.4) .074

ICU LOS (days) 2.5 (1.3–4.9) 2.6 (1.3–8.7) .323

Hospital LOS (days) 20 (11–37) 12 (5–23) <.001

Invasive ventilation in ICU 309 (77.6) 112 (88.2) .009

Duration of invasive ventilation (h) 14.7 (4.5–39.0) 32.6 (12.0–103.7) <.001

Note: Values are the number (%) or the median (25th–75th percentiles), as indicated.

Abbreviations: ASA, American Society of Anesthesiologists; SAPS II, Simplified Acute Physiology Score II; APACHE II, Acute Physiology and Chronic Health

Evaluation II; SOFA, sepsis-related organ failure assessment; TISS, therapeutic intervention scoring system; CRP, C-reactive protein; POD1, postoperative

day 1; ICU, intensive care unit; LOS, length of stay.

TABLE 5 The mortality rates for 525 patients admitted to the ICU
within 48 h of the EL

All patients (n = 525)

Hospital mortality 70 (13.3)

30-D mortality 91 (17.3)

90-D mortality 127 (24.2)

One-year mortality 173 (33.0)

Five-year mortality 306 (58.3)
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condition and required an ICU admission immediately after the EL,

while the rest of the patients were admitted to the PACU to be later

discharged to the surgical ward. A part of the patients primarily admit-

ted to the PACU stayed there nearly 12 h but failed to achieve a clini-

cal condition suitable for discharge to the ward and therefore were

admitted to an ICU. Most of the patients coming from the PACU to

the ICU received invasive ventilation during the ICU admission, indi-

cating that a respiratory failure was the most dominant organ dys-

function leading to the ICU admission. The ICU admissions that were

premeditated directly after EL may have had entailed a more straight-

forward weaning process from mechanical ventilation that might have

shortened the duration of the respiratory support. The PACU care can

include an ICU-level mechanical ventilation and a hemodynamic sup-

port, but otherwise the PACU care is not as comprehensive as the

care in the ICU. Also, the ICUs are generally better resourced in terms

of nurse-to-patient ratios. However, these factors are unlikely to

explain the difference in the long-term mortality. The difference is

easily explained by the age and comorbidities; one could hypothesize

that the limited physical resources of these patients prevented them

to recover during the immediate postoperative phase and this lack of

capacity turns to a higher mortality during the follow-up. Interestingly,

an ICU admission from the surgical ward to the ICU was not associ-

ated with a poor outcome. These patients had achieved a clinical con-

dition good enough to manage in the ward at first place but

deteriorated later as a consequent on possible postoperative compli-

cations. It has been shown in other patient groups that especially

medical postoperative complications are associated with poor

outcomes.13,14

Interestingly, in the first postoperative day, CRP values were

lower in the non-survivors compared to the survivors. This may reflect

that the non-survivors were more ill, which is supported by the lower

platelet count. Preoperative sepsis is a risk factor for death after an

EL.15 The CRP is an acute-phase protein produced by the liver in

response to various cytokines, including interleukin (IL)-6, IL-1, and

tumor necrosis factor (TNF)-alpha during acute injury, infections,

inflammatory stimuli, and malignant disease.16 We measured only

indirect markers of proinflammation so we are unable to assess the

anti- inflammatory response to the critical illness. One explanation

could be a more impaired immunological response due to frailty and

co-morbidities, such as malignancies, in non-survivors. However, this

finding needs further examination and we are not able to confirm or

exclude this hypothesis in this study.

This study explored better short-term outcomes (30- and 90-day

mortality [17.3%–24.2%]) than some previous studies reporting the

short-term mortality of 25.6–48.2%.1,3,4,17 One study has reported

lower 30- and 90-day mortality rates after EL with a direct ICU admis-

sion (15.9% and 20.5%).18 This study was the first to report the

5-year survival rates of patients admitted to the ICU within 48 h after

an EL. Although the 30- and 90-day mortality rates were lower in the

present study compared to the previous studies, our 1-year and

5-year mortality rates were very high and in line with the other stud-

ies. According to the Finnish Cancer Registry,19 the reported 5-year

survival of the patients with colorectal carcinoma (64.2%) was better

than the rates we found for the patients admitted to the ICU within

48 h after an EL (41.7%). The overall mortality rates that we found

after an EL are unthinkable for any common major elective surgery.

In general, patients undergoing EL tend to be old, with many com-

orbidities, and they are at a high risk of postoperative complica-

tions.1,2,4 The patients over 65 years of age represent the most

rapidly growing age group.20 In the present study, the non-survivors

were older and had more often malignancies than the survivors. Nei-

ther an ICU admission nor surgery are decisive factors in determining

whether a single patient lives for five additional years after an EL. The

National Emergency Laparotomy Audit (NELA) reported that the

patients over 70 years old were 1.6-fold more likely to be admitted

directly to the ICU than the patients under 50 years old.21 Previous

reports have shown that a delay in a post-surgery ICU admission for

the patients that were critically ill was associated with an increased

mortality.22 Emergency abdominal surgery procedures account for

more than 80% of the national burden associated with all emergency

general surgery-related inpatient costs.23 In the United States, the

emergency general surgery accounted for 2.6 million hospitalizations,

F IGURE 1 Kaplan–Meier survival
curves for different ICU admission groups

958 YLIMARTIMO ET AL.
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which cost $28.4 billion in 2010.20 Those costs are projected to

increase by 45%, to $41.2 billion, by 2060.20 The early recognition

and management of postoperative complications can reduce the

mortality and the costs of post-EL operations.24

The possible risk assessment tools available for the patients under-

going an EL include APACHE II and the ASA classification, which are

easily accessible and widely used. APACHE II is an excellent tool for

assessing individual risk in patients undergoing an EL, a fact that

emerged also in this study.9 The relationship between a higher ASA clas-

sification score and a poor outcome has been shown previously, despite

the fact that ASA is a highly subjective estimation of the patient condi-

tion.21,25 Davenport et al reported that ASA is strong predictor of out-

comes, but still the NSQIP surgical risk calculator without ASA is better

predictor than ASA alone.26 The NELA risk adjustment model has dem-

onstrated an excellent performance in predicting short-term postopera-

tive mortality after EL.27 The patients that require an ICU admission

should be identified early, because an early ICU admission is more likely

to produce positive outcomes.28,29 The emergency laparotomy pathway

quality improvement care (ELPQuiC) bundle includes also early ICU

admission and it has been shown that ELPQuiC bundle reduced risk-

adjusted mortality after EL.30 Standardization of care and using simple

evidence-based guidelines improve EL patients’ prognosis.30

This study had several limitations. The main limitation was the

retrospective study design. Additionally, the single-center study

design might restrict the generalization of our results. Moreover, due

to the retrospective study design, we could not include data about

how the discharge strategy was determined or which factors might

have influenced to the strategy, such as the rates of ICU or PACU bed

occupation. Moreover, we were not able to include data for the cau-

ses of the admissions from a ward to the ICU, and therefore we can

only hypothesize the role of the postoperative complications in this

patient group. The role of the non-surgery-related and the non-acute

abdomen-related causes of admissions among those admitted from

the PACU to the ICU cannot be covered in this study setting. Part of

the high mortality could be explained by the developing medical com-

plications, which have shown to be associated with poor long-term

outcome in other patient groups.13,14

5 | CONCLUSION

Age, higher APACHE II sore, lower CRP and platelet count of POD1, and

the admission from the PACU to the ICU were associated with worse

prognosis after an EL. The 1- and 5-year mortality rates after EL were high.
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