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ARTICLE INFO ABSTRACT

Keywords: Background: The objective of this study was to analyze outcomes and determine independent predictors of
Emergency laparotomy subsequent reoperation following emergency laparotomy (EL).

Reoperation Materials and methods: Patients undergoing EL (n = 854) from 2012 to 2018 at our institution were retro-
xztgﬁg]y spectively assessed. Postoperative complications, in-hospital mortality and predictive factors were assessed.

Results: Among the studied patients, 307 (35.9) required subsequent reoperation, and 547 (64.1%) did not. The
mean number of surgeries was 2.02 * 1.54, with a median of 2 (range 1-10). Viscus organ perforation had the
highest reoperation rate (25.6%), followed by hemorrhage (16.1%), anastomotic leakage (15.4%), mesenteric
ischemia (14.9%), and bowel obstruction (11.9%). The incidence of postoperative complications was higher in
reoperated patients (100%) than in non-reoperated patients (58.9%). There were 305 deaths, with an overall in-
hospital mortality rate of 35.7%; 175 (57%) occurred in the reoperated group, and 130 (23.8%) occurred in the
non-reoperated group. In multivariate regression (N = 854), an American Society of Anesthesiologists (ASA)
class of 3 or above (OR, 4.27; 95% CI, 2.54-7.18), coexisting liver cirrhosis of Child grade B or above (OR, 2.50;
95% CI, 1.46-4.29), coexisting cardiac arrhythmia (OR, 1.59; 95% CI, 1.10-2.30), and steroid use (OR, 1.95;
95% CI, 1.01-3.77) strongly predicted reoperation.

Conclusion: Our data showed notably high mortality due to subsequent reoperation, and there was a steady
increase in mortality as the number of reoperations increased. A high ASA class, liver cirrhosis, cardiac ar-

Predictive factors

rhythmia and steroid use were independently associated with the risk of subsequent reoperation.

1. Introduction

Despite current major advances in surgery, emergency laparotomy
(EL) still places patients at an increased risk for postoperative compli-
cations and mortality [1,2]. The underlying pathology is diverse, but
viscus organ perforation, mesenteric ischemia, hemorrhage and bowel
obstruction are thought to be the most common causes [3,4]. Abdom-
inal reoperations due to unforeseen surgical events following EL are
associated with an even higher risk of death and prolonged hospital stay
than EL alone. Disproportionately high mortality rates approaching
80% have been reported [5-9]. The reasons for in-hospital mortality in
these patients are multifactorial and complex. In the majority of cases,
reoperations are not optional operations, and they may save countless
lives. Although death is expected in these patients if they don't undergo
surgery, the likelihood of reoperation survival is often unclear. It is
sometimes difficult to determine which patients will benefit from re-
operation and which will not.

Gaining a better understanding of why reoperations occur and how
they can be prevented is essential for improving surgical outcomes as
well as utilizing health care resources effectively. Data on the predictors
of subsequent abdominal reoperations following EL for different sur-
gical indications are scarce.

Therefore, the current report examines the clinical outcomes of
patients undergoing major EL for different indications at a single high-
volume center and compares those patients who required reoperation
during the same hospitalization with those patients who did not. The
objectives of the study were to specifically analyze the effects of re-
operation on surgical outcomes, identify the independent risk factors
associated with these effects and determine the independent predictors
of reoperation. We hypothesized that the patients who required re-
operation following EL for major abdominal emergencies had multifold
higher mortality rates than patients who did not, and the patients who
required reoperation could be distinguished by a limited number of
clinical parameters that were evident at admission and during
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Fig. 1. Flow Diagram summarizing patient inclusion.

hospitalization. This information will aid in understanding the relative
clinical and economic importance of emergent and unplanned abdom-
inal reoperations.

2. Materials and Methods

A retrospective analysis of 1433 emergent abdominal surgical op-
erations for major abdominal emergencies performed on 854 patients
during a 7-year period (January 2012 through December 2018) was
undertaken to identify factors that were associated with the risk of
morbidity, mortality and surgical reintervention. Data were obtained
from a database of patients treated at the department of transplanta-
tion, thoracic, visceral and vascular surgery of the University of ***.
The study data was obtained from inpatient hospital stays for all pa-
tients undergoing EL or laparoscopy. Information on more than 100
variables, such as the patients' demographic information, preexisting
comorbidities, and postoperative morbidity and mortality outcomes,
was assessed. The patients were separated into 2 groups based on the
necessity of reoperation (Fig. 1).

Of the 854 patients, 307 were identified as having undergone at
least one emergency abdominal reoperation (REOP group) for various
surgical indications, representing 35.9% of all the major EL cases. These
patients formed the basis for this report. The outcomes of these patients
were compared with the outcomes of the remaining 547 patients —
those who did not require reoperation following EL (non-REOP group) —
to determine whether there were any significant differences between
the groups.

For the purpose of this study, we categorized all operation indica-
tions into 4 different types and all procedures into 7 different types.
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EL or laparoscopy was defined as abdominal exploration that must
be performed as soon as possible after admission or after the onset of
related clinical symptoms in a patient aged 18 years or older and re-
quiring unscheduled emergency surgery. Indications to operate on were
identified on the basis of clinical and radiologic findings. Reoperation
was defined as a formal reexploration performed during a patient's
hospital stay after the initial laparotomy and applied to patients who
were brought back to the operating room for confirmed or suspected
complications of the initial or subsequent laparotomy.

Due to multiple early and late reexplorations, in some studied pa-
tients during initial hospitalization, access to the abdominal cavity was
technically limited by extensive adhesions. We felt that to use the term
relaparotomy may be inaccurate and misleading. Therefore, for the
purpose of this study, we use the term reoperation throughout. This
definition resulted in the dichotomous classification of reoperated pa-
tients (REOP group) and non-reoperated patients (non-REOP group).
This avoids confusion about the correct term and allows us to discuss
the same procedure with confidence.

Patients undergoing minor procedures, such as uncomplicated la-
paroscopic appendectomy, were excluded from this study, as were pa-
tients undergoing simple laparoscopic cholecystectomy because the
majority of these patients were young and otherwise healthy, and the
risk of complications requiring reoperation and death associated with
these procedures is extremely low and has been addressed previously in
other studies [10,11]. We intentionally analyzed a select group of cri-
tically ill patients. By doing so, we focused on a relatively homogenous
group of patients, thus allowing an accurate statistical interpretation of
data.

The American Society of Anesthesiologists (ASA) physical status



W.T. Kassahun, et al.

classification [12], a five-point assessment of a patient's physical status
conducted by the anesthesiologist, was also collected. The severity of
complications was generally assessed using the Clavien-Dindo (CD)
classification system [13]. Based on CD classification, the comprehen-
sive complication index (CCI) [14] was calculated to evaluate the true
overall morbidity burden of each procedure.

Reoperation was indicated by clinical signs, such as abdominal
tenderness, pathologic laboratory findings, such as leukocytosis and
positive imaging; moreover, reoperation was sometimes performed
without abdominal or radiologic findings in an effort to establish a
surgically amenable focus in a patient with a worsening clinical con-
dition. In some cases, reoperation was performed to reevaluate the
patient for expected progression of the disease for which the primary EL
had been performed, as in cases of mesenteric ischemia with enteric
infarction. The operations were performed under the auspices of a
teaching surgical team.

The primary outcomes of interest were the identification of pre-
dictors of in-hospital mortality, defined as death during the initial
hospitalization and reoperation.

Pre- and postoperative clinical practice patterns were in compliance
with the World Society of Emergency Surgery guidelines (https://www.
wses.org.uk/guidelines).

Data management and statistical analyses were performed using
SPSS software version 24 for Windows (IBM Corporation, USA). All the
statistical tests were 2-sided. Descriptive statistics assessed the dis-
tribution of the patients, the procedures, comorbidities, morbidity and
mortality by group. Univariate statistical comparisons between groups
were performed using Student's t-test for continuous variables and chi-
square tests for discrete variables to examine the univariate relations
between risk factors and outcome variables. Multiple logistic regression
was performed to assess the contribution of significant independent
variables in predicting the likelihood of postoperative complications,
reoperation and in-hospital mortality. These analyses were performed
by entering the factors that appeared to be significant in the univariate
analysis (P < 0.05) in the multivariate logistic regression analysis, with
the outcome variables as dependent variables and the risk factors as
independent variables to test for significant effects while adjusting for
multiple factors simultaneously. The results were expressed as ar-
ithmetic means * standard deviations, medians with interquartile
ranges or frequencies with percentages. Odds ratios (ORs) and 95%
confidence intervals (CIs) for the ORs as well as P values for each
variable are given. A P value < 0.05 was considered significant.

The local institutional review board and the University of
Medical Faculty Ethics Committee reviewed and approved this study
protocol.

The study is registered on www.researchregistry.com with the
Unique Identifier Number researchregistry5119.

The paper was written to comply with STROCSS guidelines (www.
strocssguidelines.com) [15].

*kk

3. Results

The details of patients’ demographic information and preexisting
comorbidities are depicted in Table 1.

The 854 patients in this study underwent a total of 1433 operations.
There were 487 men and 367 women. The causes of initial EL varied,
with the most common being viscus organ perforation (41.5%), bowel
obstruction (23.3%), and mesenteric ischemia (17.2%). The primary
indications for surgery and surgical procedures are depicted in Table 2.

Among all the studied patients, 307 patients (35.9%) required
subsequent reoperation (1 reoperation, n 159, 2 reoperations,
n = 72, 3 reoperations, n = 36, more than 3 reoperations n = 40); the
remaining 547 patients (64.1%) did not require reoperation. The mean
number of required surgeries was 2.02 * 1.54, with a median of 2
operations (range 1-10). Among all reoperations, a total of 56.8% of
were indicated due to abdominal sepsis related to viscus organ
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Table 1
Preoperative patient characteristics.
REOP group non-REOP group p value

Variable N = 307 N = 547

Male 188 (61.2) 299 (54.7) 0.068
Age, years, mean * SD 65.72 += 15.03 65.18 = 17.55 0.649
BMI, mean + SD 27.22 * 6.67 26.20 = 6.54 0.030
Hypertension 209 (68.4) 351 (64.2) 0.223
Cardiac arrhythmias 116 (37.8) 145 (26.5) 0.001
Diabetes mellitus 83 (27.0) 126 (23.0) 0.220
Peripheral arterial disease 103 (33.6) 115 (21.0) < 0.0001
Chronic kidney disease 60 (19.6) 86 (15.7) 0.148
CNS 80 (26.1) 122 (22.3) 0.206
Coronary artery disease 62 (20.3) 90 (16.5) 0.163
Chronic heart failure 61 (19.9) 101 (18.5) 0.600
COPD 48 (15.7) 74 (13.5) 0.388
Liver cirrhosis 47 (15.4) 27 (4.9) < 0.0001
Surgery in PMH 197 (64.2) 347 (65.3) 0.702
Malignancy in PMH 91 (29.6) 148 (27.1) 0.419
AAA 137 (44.6) 234 (42.8) 0.601
Steroids 25 (8.2) 19 (3.5) 0.003
ASA* = 3 285 (92.8) 363 (71.3) < 0.0001
COD, mean * SD 5.87 +* 299 4.98 + 3.02 < 0.0001

BMI, body mass index; SD, standard deviation; COD, coexisting disease per
patient; COPD, chronic obstructive pulmonary disease; CNS, indicates central
nervous system disease and holds for patients with medically documented
cerebral vascular accident, transient ischemic attack, or neurological deficit of
central origin, PMH, past medical history; AAA, medication with oral antic-
oagulants and antiplatelet agents; ASA, the American society of anesthesiolo-
gists physical status classification. Numbers in bracket indicate values pre-
sented in n (%) by group unless noted otherwise. *, Percents may not total 100
due to missing data; P values represent the difference between the REOP and
non-REOP group.

Table 2
Primary Indications for surgery and initial surgical procedures by group.

Primary Indications REOP group non-REOP group
N = 307 N = 547

Perforated viscus 122 (39.7) 232 (42.4)

Mesenteric ischemia 67 (21.9) 80 (14.6)

Bowel obstruction 55 (18.0) 144 (26.3)

Miscellaneous 63 (20.6) 91 (16.6)

Procedures REOP group non-REOP group
N = 307 N = 547

Bowel resection large 42 (13.7) 56 (10.2)

Bowel resection small 37 (12.1) 60 (11)

Combined resection 54 (17.6) 52 (9.5)

Closure of viscus organ 46 (15.0) 86 (15.7)

Multiorgan procedure 74 (24.0) 88 (16.1)

Extensive adhesiolysis 36 (11.7) 96 (17.6)

Miscellaneous 18 (5.9) 109 (19.9)

Numbers in bracket indicate values presented in n (%); A combined bowel re-
section indicates a combination of small and large bowel resection.

perforation (25.4%), postoperative anastomotic leakage (16.4%) or
mesenteric ischemia with enteric infarction (15.0%). The other in-
dications for reoperation were postoperative hemorrhage (16.1%)
bowel obstruction (11.9%) and miscellaneous indications (15.2%). The
likelihood of reoperation did not significantly differ by type of surgery
(procedure category). A substantial proportion of the patients across all
the groups had one or more of the comorbidities listed in Table 1. Every
evaluated comorbid condition was more prevalent in the REOP group
than in the non-REOP group, but these trends were not statistically
significant except for cardiac arrhythmia (P = 0.001), peripheral ar-
terial disease (P < 0.0001), and liver cirrhosis (P < 0.0001). In the
REOP group, the average number of comorbidities per patient was
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Table 3
Major outcomes.
Variable REOP group non-REOP group  p value
N = 307 N = 547
Operation at night 246 (80.1) 446 (81.5) 0.615
Operative time = 2 h 175 (57.0) 214 (39.1) < 0.0001
Complications 307 (100.0) 322 (58.9) < 0.0001
Hemorrhage 119 (38.9) 84 (15.4) < 0.0001
Surgical site infection 188 (61.1) 126 (23.0) < 0.0001
Anastomotic leaks 113 (36.8) 11 (2.0) < 0.0001
Pneumonia 141 (45.9) 95 (17.4) < 0.0001
Thromboembolism 131 (42.7) 95 (17.4) < 0.0001
Liver failure 116 (37.8) 80 (14.6) < 0.0001
GI-Bleeding 34 (11.1) 25 (4.6) 0.0003
Acute renal failure 179 (58.3) 116 (21.2) < 0.0001
Complications PP, 7.01 = 3.62 3.82 = 2.82 < 0.0001
mean * SD
CCI, mean *= SD 83.44 = 2210 42.04 + 35.53 < 0.0001
ICU 290 (94.5) 367 (67.1) < 0.0001
ICU-LOS, days, mean = SD  20.01 + 22.01 6.01 += 8.95 < 0.0001
ICU-LOS, days, median (IR) 12 (1-139) 3 (1-79)
MV 258 (84.0) 228 (41.7) < 0.0001
DMV, hours, mean + SD 291.29 + 354.76 97.69 *= 191.65 < 0.0001
DMV, hours, median (IR) 141 (1-1865) 24 (1-1641)
In-hospital mortality 175 (57.0) 130 (23.8) < 0.0001
LOS, days, mean * SD 33.81 *+ 29.33 14.52 = 14.25 < 0.0001
LOS, days, median (IR) 26 (2-200) 10 (1-124)

PP, per patient; surgical site infection is defined as being contained within the
skin or subcutaneous tissue (superficial), or involving the muscle and/or fascia
(deep); acute renal failure was considered if it required dialysis; CCI, the
comprehensive complication index; ICU, intensive care unit requirement; MV,
mechanical ventilation defined as ventilation at any time during hospitalization
and applies for all patients who required ventilation beyond the operation
room; DMV, duration of mechanical ventilation; LOS, length of hospital stay
defined as the time from the date of the initial admission to the date of dis-
charge, transfer to external services, or death, which ever came first.
significantly higher than that in the non-REOP group (5.87 + 2.99 vs.
4.98 = 3.02,P < 0.0001), and an increased number of patients were
classified as ASA class III or above (285 [92.8%] vs. 363 [71.3%],
P < 0.0001).

Postoperative outcomes, including in-hospital mortality, which was
defined as death at any time during the initial hospitalization, and
several other variables are depicted in Table 3. For all the patients, the
overall complication rate was 73.7%. When compared by group, ac-
cording to the mean number of complications per patient and the mean
CCI, subsequent reoperation was associated with the highest incidence
of postoperative complications. Not surprisingly, compared to those
patients without the need for repeat surgical intervention, reoperated
patients required increased intensive care unit (ICU) and hospital stays
and were ventilator dependent. These differences were significant at a
level of P < 0.0001 (Table 3).

Among the 854 patients, there were 305 deaths, with an overall in-
hospital mortality rate of 35.7%; 175 (57.0%) deaths occurred in the
REOP group, and 130 (23.8%) occurred in the non-REOP group. In both
groups, mesenteric ischemia was associated with the highest mortality
rate, and bowel obstruction was associated with the lowest mortality
rate. Overall, 253 patients (156 in the REOP group and 97 in the non-
REOP group) died of abdominal sepsis with multiorgan failure, and 52
(19 in the REOP group and 33 in the non-REOP group) died of other
causes.

Among the 307 patients who underwent reoperation, the incre-
mental in-hospital mortality rates for 1, 2, 3, and more than 3 re-
operations were 50.9%, 56.9%, 69.4%, and 72.2%, respectively. This
implies a steady increase in mortality with an increasing number of
reoperations.

Table 4 shows the odds of in-hospital mortality according to a
specific risk factor, along with the P value, which was calculated with
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the chi-square test for linear trend by group. As depicted in this table,
12 and 16 variables were univariately associated with in-hospital
mortality in the REOP and non-REOP groups, respectively.

After adjusting for potential confounding variables using a logistic
regression analysis by group, liver failure (OR, 17.38; 95% CI,
5.04-59.93) and acute renal failure (OR, 4.38; 95% CI, 1.81-10.64)
were still significant contributors to the risk of all cause in-hospital
mortality in reoperated patients.

Liver failure (OR, 31.22; 95% CI, 5.10-191.52), acute renal failure
(OR, 7.79; 95% CI, 2.44-24.80), age = 70 years (OR, 5.22; 95% CI,
1.57-17.37), an initial diagnosis of mesenteric ischemia (OR, 4.29; 95%
CI, 1.09-16.85), and hemorrhage requiring blood transfusion (OR,
3.44; 1.15-10.24) were identified as predictive of mortality in the non-
REOP group.

Overall, in addition to high mortality, reoperated patients had in-
creased durations of hospital stay and ventilator dependence, likely
reflecting significant morbidity and a slow recovery after surgery.

In the multivariate regression including all the patients in this co-
hort (N = 854), an ASA class 3 or above classification (OR, 4.27; 95%
CI, 2.54-7.18), coexisting Child grade B or above liver cirrhosis (OR,
2.50; 95% CI, 1.46-4.29), and coexisting cardiac arrhythmia (OR, 1.59;
95% CI, 1.10-2.30) strongly predicted reoperation, as did the use of
steroids (OR, 1.95; 95% CI, 1.01-3.77).

4. Discussion

These data represent morbidity and in-hospital mortality rates of EL
and subsequent reoperations related to different pathologies in a large
single institutional patient cohort. Patients had a significantly increased
risk of developing postoperative complications and death following EL,
and we observed a high rate of reoperation. When patients with one or
more subsequent abdominal reoperations were compared with patients
without reoperation, virtually all of the evaluated comorbid conditions,
complications and death continued to be more likely in reoperated
patients than in non-reoperated patients.

Reoperation was accompanied by an increased prevalence of coex-
isting diseases. However, no coexisting diseases retained in the multi-
variate logistic regression were significantly associated with morbidity
or in-hospital mortality in reoperated patients. In the non-REOP group,
hypertension, liver cirrhosis, peripheral arterial disease and dementia
predicted morbidity, but no coexisting disease predicted mortality. This
implies that given the high number of evaluated coexisting diseases in
our study, coexisting disease did little to alter the mortality rate. This is
in general agreement with the results of previous studies. Martinez-
Casas et al. [8] evaluated data from 254 patients undergoing emergency
relaparotomy, and none of the evaluated coexisting diseases were re-
tained in the multivariate model. Mik et al. [16] analyzed 121 patients
who underwent relaparotomy after initial surgery for colorectal cancer
and found no associations between comorbid conditions and the risk of
mortality.

Postoperative mortality is usually associated with a complication,
and the risk of mortality is increased with the increasing number of
complications [17]. Recent study results showed that postoperative
renal failure [18], pneumonia [19], thromboembolism [20], and liver
failure [21] were among the most common complications associated
with death.

In the analysis of postoperative complications, we found that pa-
tients who required one or more subsequent reoperations had higher
rates of surgical site infection; hemorrhage requiring transfusion; ana-
stomotic leakage; and cardiovascular, pulmonary, and hepato-renal
complications than patients who did not. Acute renal failure requiring
dialysis and liver failure independently predicted mortality in the REOP
group. In the non-REOP group, renal failure, liver failure and hemor-
rhage strongly predicted mortality. This suggests that postoperative
complications were strongly associated with the risk of subsequent re-
operation and death. Moreover, the strongest predictors of death were
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Table 4
Risk of in-hospital mortality associated with a specific comorbidity and postoperative complication (univariate analyses).
Risk factor REOP group p value non-REOP group p value
n = 307 n = 547
OR (95% CI) OR (95% CI)

Age = 70 years 1.07 (.68-1.69) 0.757 2.13 (1.42-3.18) 0.0002
ASA = 3 9 (2.59-31.26) < 0.0001 15.64 (5.65-43.30) < 0.0001
Hypertension 1.38 (.85-2.24) 0.189 1.63 (1.06-2.50) 0.027
Chronic heart failure 1.43 (.80-2.56) 0.222 2.45 (1.55-3.90) 0.0001
Cardiac arrhythmia 1.77 (1.11-2.84) 0.019 2.32 (1.53-3.53) < 0.0001
COPD 1.18 (.63-2.22) 0.603 2.21 (1.32-3.72) 0.002
Chronic renal failure 1.66 (.92-3.00) 0.092 2.06 (1.30-3.38) 0.004
Liver cirrhosis 5.29 (2.29-12.24) < 0.0001 6.12 (2.73-13.74) < 0.0001
Peripheral arterial disease 2.43 (1.47-4.04) <.0.0001 3.75 (2.41-5.83) < 0.0001
Mesenteric ischemia® 2.25 (1.25-4.05) 0.006 12.79 (7.43-21.91) < 0.0001
ICU 24 (3.14-183.45) < 0.0001 97.02 (13.44-700.65) < 0.0001
PMV = 48 h 3.26 (1.84-5.76) < 0.0001 1.62 (.92-2.85) 0.092
Hemorrhage 2.90 (1.77-4.75) < 0.0001 9.81 (5.87-16.39) < 0.0001
Pneumonia 2.96 (1.84-4.76) < 0.0001 8.27 (5.10-13.41) < 0.0001
Thromboembolism 3.67 (2.07-5.49) < 0.0001 18.29 (10.75-31.12) < 0.0001
Liver failure 44.05 (17.12-113.35) < 0.0001 145.32 (51.12-413.05) < 0.0001
Acute renal failure* 23.37 (12.83-42.57) < 0.0001 83.54 (43.83-159.24) < 0.0001

OR, odds ration; CI, confidence interval; ¥, initial diagnosis of mesenteric ischemia; *, acute renal failure that required dialysis; ICU, intensive care unit stay; PMV,
Prolonged mechanical ventilation defined as ventilation longer than 48 h at any time during hospitalization.

not surgical complications but specific medical complications, and
survival partly depended on the effectiveness of the treatment used to
address these complications, indicating opportunities for improvement.

Ninety-four percent (290 of 307) of the patients in the REOP group
were admitted to the ICU postoperatively, among which 184 patients
(63.4%) required prolonged mechanical ventilation for more than 48 h
after surgery. Ninety-one percent (159 of 175) of those who died never
left the ICU, despite advanced full hemodynamic and cardiorespiratory
support and optimization. The possible explanation for this is that due
to the high prevalence of certain comorbid conditions, reoperated pa-
tients may already be prone to severe postoperative complications that
contribute to subsequent reexploration and prolonged mechanical
ventilation. This is consistent with previous studies that found venti-
lator dependence to be a risk factor for reoperation and death [22,23].

At 57%, the in-hospital mortality rate of the REOP group was higher
than that of the non-REOP group (23.8%). These results were in line
with previous findings that showed comparably high mortality rates in
reoperated patients [6-9,24]. This highlights the need to identify pa-
tients at high risk of reoperation.

Eighty-nine percent (156 of 175) of the mortality cases in the REOP
group were associated with postoperative septic complications and
multiple organ failure. These data suggest that the increased mortality
risk in patients requiring subsequent reoperation is not necessarily the
inevitable result of surgical reintervention but is strongly associated
with the occurrence of serious postoperative complications that warrant
subsequent reoperation. Furthermore, the results of the present study
indicate that in-hospital mortality is unaffected by the initial diagnosis
and surgical procedure among reoperated patients, suggesting that a
patient's preoperative overall condition is more important than the
performed procedure. Overall, avoiding unnecessary operations re-
quires the identification of risk factors associated with poor outcomes.
Thus, the most practical approach to reduce mortality due to reopera-
tion is the prompt recognition and treatment of postoperative compli-
cations.

Given the strong association between subsequent reoperation and
adverse postoperative surgical outcomes, we sought to identify pre-
dictors of reoperation in these patients. The results showed that pre-
existing liver cirrhosis of Child grade B or above, preexisting cardiac
arrhythmia, the use of steroids, and an ASA class of 3 or above were
independent predictors of subsequent reoperation even after adjusting
for various patient and disease characteristics. All of these variables
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have been found to be important predictors of subsequent reoperation
in other patient populations [23-30].

To our knowledge, these findings have not been reported with re-
gard to abdominal reoperation following EL in a large patient cohort,
and relevant data are scarce.

In the few existing studies [9,16], the number of studied patients
was very small, making it difficult to draw a conclusion from the ana-
lysis. Thus, the overall information generated by those studies was in-
conclusive. The majority of previous studies with a sizable number of
patients mainly concentrated on the strategy of reoperation (whether
reoperation was on demand or planned) and not on analyzing factors
that independently predicted the risk of reoperation.

Therefore, given the large number of studied patients, we believe
that the identified risk factors associated with morbidity, mortality and
surgical reintervention following EL in this study likely represent reli-
able data.

For patients undergoing elective surgery, some of the indicated
predictive factors of reoperation can be modified to reduce the risk of
severe complications and improve the outcome. Unfortunately, the
clinical situation in patients who require emergency surgery, as those in
the present study, is different because there is one patient with several
problems that need to be solved immediately. The events are unfore-
seen and life threatening, and surgery must be performed as soon as
possible after admission. Thus, there is a very limited window of op-
portunity to optimize preexisting conditions, such as liver cirrhosis, to
reduce complications and reoperation rates.

There are noteworthy limitations to the data presented in this study.

First, our study was limited by its retrospective nature. Our data
collection relied on existing documentation that was not specifically
collected for the purpose of this study. We tried to account for this by
reviewing each electronic data record thoroughly. Each record in the
data set was specifically reviewed by the lead author (W.T.K.).

Second, our study was conducted at a single institution, which limits
the generalizability of the findings. However, our institution is a high-
volume center; the patients were consecutive, and the applied clinical
practice patterns were similar.

Third, we controlled for available clinical confounders identified in
our institutional database; however, unmeasured confounders may
have influenced the results.
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5. Conclusions

Despite advances in anesthetic agents and surgical techniques, EL
continues to be associated with a high risk of mortality, as it was dec-
ades ago. Surgical outcomes worsened when subsequent abdominal
reoperation was required. This is apparent from our data, which
showed notably high mortality due to subsequent reoperation. The key
question regarding alternatives to reoperation remains unanswered.
Here, we demonstrated that liver cirrhosis, cardiac arrhythmia, use of
steroids, and an ASA class of 3 or above were significantly associated
with an increased risk of reoperation following EL. Our results support
further efforts to develop decision tools with which to guide early in-
tervention and institute preventive measures.
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