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ARTICLE INFO ABSTRACT

Keywords: Background: Cystic echinococcosis is a clinically complex chronic parasitic disease and a major socioeconomic
Liver hydatidosis problem in endemic areas. The safety of liver resection in elderly patients is often debated among medical
E}der]y professionals. We analyzed the postoperative morbidity and mortality rates of elderly patients who underwent
iver surgery .
T r unit.
Morbidity surgery at our unit

Methods: We retrospectively evaluated patients with liver hydatid cysts which were surgically removed at our
unit. Patients were divided into two groups: Group 1 (patients < 70 years), and Group 2 (patients > 70 years).
Propensity score matching (PSM) and comparative analyses between groups were performed.

Results: The unmatched cohort consisted of 279 patients (Group 1: 244; Group 2: 35). After PSM, we compared
the outcomes for 56 patients from Group 1 to 31 patients from Group 2. A higher rate of severe complications
was observed in Group 2 (25.8% vs 5.36%, p = 0.014). No difference was found in the rates of infectious,
cardiorespiratory, or hemorrhagic complications between both groups, and in the mortality rate either (0.00% vs
6.45%, p = 0.124).

Conclusions: Liver surgery in selected elderly patients is safe and practicable. The low postoperative morbidity
rate in these patients is acceptable, albeit higher, due to their comorbidities.

1. Introduction

Hepatic hydatidosis is an endemic zoonosis in the Mediterranean
region in Europe, South America, Central Asia, and Eastern Europe.
Nevertheless, it is also frequently observed in non-endemic areas, due to
the rise in global travel and immigration (Mihmanli et al., 2016; Muh-
tarov et al., 2018). In hydatid disease, infection can be found most often
in the liver (50-70% of cases) (Muhtarov et al., 2018).

Although there is a lack of established unanimous action protocols,
surgery remains the most common treatment for this condition (Stoj-
kovic et al.,, 2009). Specifically, radical techniques, including liver
resection in certain cases, effectively eliminate the parasite and prevent
potential complications and recurrence of the disease (Ramia et al.,
2020, 2018). In some cases, medical treatment can be used as adjuvant
to surgery treatment (Akbulut and Sahin, 2021; Sozuer et al., 2014).

In recent decades, as life expectancy grows and the population ages,
we have seen a larger number of older patients with clinically-relevant

* Corresponding author.
E-mail address: gerardoblanco@unex.es (G. Blanco-Fernandez).

https://doi.org/10.1016/j.actatropica.2022.106466

comorbidities who undergo liver surgery (Cho et al., 2011; Dedinska
et al.,, 2017; Reddy et al., 2011). To ensure the best outcomes for these
patients, a case-by-case study and an improvement in surgical tech-
niques and postoperative care after a liver procedure is key (Cho et al.,
2011). The role of advanced age has been researched in different studies
as a possible risk factor for postoperative complications and reduced
long-term survival with conflicting findings, given the samples’ het-
erogeneity and their small size in most studies; thus not being able to
reach definitive conclusions or a consensus (Andert et al., 2016; Cho
et al., 2011).

The influence of age on the outcome of surgery has already been
extensively analyzed in some fields, such as cardiovascular surgery,
which for epidemiological reasons is more frequently performed on the
elderly (Aldrighetti et al., 2003; Aoyama et al., 2018). Most studies
concerning hepatic resection in the elderly are within the context of liver
tumors, particularly hepatocellular carcinomas and colorectal metasta-
tic cancer (Dedinska et al., 2017).
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Our goal is to analyze the outcomes of surgical treatment of hepatic
hydatidosis in elderly patients by evaluating their postoperative
morbidity and mortality, as well as by performing PSM to minimize
selection biases.

2. Materials and methods

The work has been report in line with the STROCSS criteria (Agha
et al, 2019) and has been registered in ClinicalTrials.gov (NCT
05113550). The study was approved by the Research Ethics Committee
of our hospital at September 18th, 2021 (Number Id. 18092021).

2. 1. Study design

Retrospective observational study from prospective database focused
on liver hydatidosis carried out at our Hepato-Pancreato-Biliary Surgery
Unit. The study period spanned from January 2006 to October 2020. An
informed consent from the patient was not required since the study was
retrospective and observational, and entailed no risk. Seventy years of
age was the cutoff age to consider patients as elderly.

Inclusion criteria of patients: liver hydatid cyst (LHC) diagnosed by
preoperative computed tomography (CT) or magnetic resonance imag-
ing (MRI) and pathological diagnosis after surgery, and LHC treated by
total or partial pericystectomy.

Exclusion criteria of patients: emergency surgery and simple
drainage of cyst.

2.2. Preoperative assessment

Preoperative diagnostic workup included abdominal ultrasound and
CT scan. The anesthesiology risk was evaluated in all patients by first-
level investigations, which included complete blood chemistry tests,
standard chest x-ray, basal electrocardiogram, and blood gas analysis.
Additional cardiologic evaluations, including an exercise electrocar-
diogram (ECG) and/or myocardial perfusion scintigraphy, were only
performed in patients with a medical history of coronary artery disease,
regardless of age. The American Society of Anesthesiologists (ASA) score
was used as the morbidity indicator after abdominal surgery in these
patients. Comorbidities were tabulated into the Charlson Comorbidity
Index (CCI) for each patient (Charlson, 1987).

2.3. Definitions

Patients were divided into two groups: Group 1 (patients < 70 years
of age), and Group 2 (patients > 70 years of age). LHCs were grouped
into subtypes based on the World Health Organization (WHO) classifi-
cation (Brunetti et al., 2010).

LHC was considered complicated when it presented with at least one
of the following characteristics at the time of diagnosis: abscess forma-
tion, rupture, hepatothoracic transit, cystobiliary communication or
some other less common type of fistula or communication, or those
causing jaundice at diagnosis due to extrinsic compression of the biliary
tree (Akbulut, 2018; Koc et al., 2020).

The Couinaud classification was used to define major (> 3 segments)
and minor (< 2 segments) liver resections (Couinaud, 1999). Bile
leakage was classified according to the definition and grading system of
the International Study Group of Liver Surgery (ISGLS) (Koch et al.,
2011).

Radical surgery referred to opened or non-opened cystoper-
icystectomy or to liver resection, while conservative procedures
included partial pericystectomy, unroofing of the cyst after content
removal and vesicle extraction with external or internal drainage,
combined with one of various procedures to manage the residual cavity
(El Malki et al., 2014; Jaén-Torrejimeno et al., 2020; Pang et al., 2018).

Relapse was defined as the appearance of new active liver cysts after
the patient had undergone surgery to treat the disease. Cysts areas with
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no change in size or evidence of daughter cyst sign in imaging tests were
not considered a recurrence (Jerraya et al., 2015; Velasco-Tirado et al.,
2017).

2.4. Variables

The following variables were gathered from medical records:
Epidemiological: age, sex, comorbidities, ASA classification, Charlson
Comorbidity Index; clinical: LHC-related symptoms, status (new or
previous history of hydatidosis), physical examination; diagnostic: lab-
oratory results, serological tests; radiological and endoscopic diagnostic
tests, number, size and location of cysts, type of LHC based on abdom-
inal ultrasonography (US) and computed tomography (CT) scan find-
ings, cysts in other organs, and presence or absence of complications
(superinfection, rupture, cystobiliary communication, anaphylactic and
compression or invasion of neighboring organs). In certain cases, a
magnetic resonance cholangiography was performed. Surgical
approach: type of resection; laparoscopic or open approach. Details of
the postoperative course were collected: morbidity according to the
Clavien-Dindo score (Dindo et al., 2004), “severe complication” (Clav-
ien-Dindo > IIIa) and postoperative mortality; as well as hospital length
of stay and postoperative follow-up (months). For the recording of
complications, the medical and nursing notes from the patients’ elec-
tronic records or histories were referred to.

In patients with complicated or multiple hydatid cysts, albendazole
400 mg twice daily for 28 days before and after surgery is usually pre-
scribed. During albendazole treatment, we perform liver function tests
and white blood cell counts. (Nazligul et al., 2015).

2.5. Surgery

Precautions were taken to avoid spillage of the parasite into the
abdominal cavity. The peritoneal cavity was liberally protected with
scolicidal agents. All patients underwent intraoperative ultrasound in
order to locate any cysts which might have been missed by preoperative
imaging, as well as to establish the connection between the cyst and
large vessels. All patients underwent laparotomy surgery. The type of
surgery performed was based on the intraoperative findings and the
location and size of the cyst.

Conservative surgical approach: when a conservative surgical
approach was employed, all contents were aspirated and the cavity was
irrigated with hypertonic saline. The pericyst was cleaned and daughter
cysts removed. The LHC was unroofed and partial cystectomy was per-
formed. The residual cavity was examined for biliary fistulas. Oblitera-
tion of the remaining cavity was performed by omentoplasty,
capitonage, marsupialization, or drainage. Usually, partial cystectomy
was performed when the cyst wall abutted and threatened to injure the
major vascular and biliary structures (Jaén-Torrejimeno et al., 2021,
2020).

Radical surgical approach: radical LHC procedures consisted of total
pericystectomy whether involving the opening before cyst removal
(opened cystectomy) or not (non-opened cystectomy), depending on size
and location. Location was also the determining factor to decide be-
tween anatomical or non-anatomical liver resection. Generally, when
the cyst involved an entire lobe and/or the main pedicles, hepatectomy
was carried out.

2.6. Follow-up

Patients were followed up with abdominal US or CT scan and hydatid
serology. (Jaén-Torrejimeno et al., 2020) The follow-up period for these
patients is typically indefinite. Of those included in the study, the min-
imum follow-up period was six months. Treatment with oral albenda-
zole was indicated for one month post-surgery in the case of complicated
cysts.
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2.7. Statistical analysis

Categorical variables were shown as number of cases (percentage)
and compared by the chi-square with Yates’ correction or Fisher’s exact
test. Normally-distributed continuous data were expressed as mean +/-
standard deviation (SD), while non-normally distributed data were
presented as median with interquartile range (IQR). Continuous vari-
ables were compared by the Student t-test. Pearson’s correlation coef-
ficient was used to assess a potential relationship between continuous
variables.

Propensity scores (PS) estimated by multiple logistic regression
analysis were used to adjust for confounding variables of Charlson Co-
morbidity Index (CCI), symptomatic cyst, complicated cyst, ruptured
cyst, abscessed cyst. ASA classification was not included in the logistic
model because of its correlation with the CCI. PS nearest-neighbor
matching without replacement was used to match subjects on a 1:2
basis for > 70 years and < 70 years, respectively. The caliper value was
set at 0.05. Standardized mean difference was used to test the balance of
the matched variables.

The following variables were included in the PSM model: Clavien-
Dindo score, “severe complication”, postoperative mortality, complica-
tions related to infection, wound infection, residual cavity infection,
subphrenic abscess, postoperative biliary fistula, postoperative hemor-
rhage, cardiorespiratory complications, reoperation, and readmission.
Variables with too much missing data were not included for PSM. The
variables matched were compared between the two age groups both
before and after PSM. Comparisons in the matched cohort took into
account stratification by matched pairs.

We set statistical significance at 5% (p < 0.05). All analyses were
performed using R software 4.0.3 (http://www.r-project.org/), specif-
ically the compareGroups, cobalt, and MatchlIt packages.

3. Results

This study looked into a total of 279 patients who had undergone
surgery for hepatic hydatidosis at our unit, during the aforementioned
study period, with a mean age of 51 years [41.00; 62.00]. The cohort
included 149 male patients (53.4%). Before PSM, Group 1 (< 70 years)
included 244 patients (87.5%), and Group 2 (> 70 years) had 35 patients
(12.5%).

3.1. Comparison before PSM

Baseline features of patients in both groups were recorded in Table 1.
The percentage of patients who had previously undergone surgery for
hydatidosis was 19.4%, with no statistically-significant difference be-
tween both groups (19.7% vs. 17.4% p = 0.900).

When comparing both groups (Table 1), we can see that Group 1 had
a lower rate of patients with ASA > 2 (70.9% vs 100%, p < 0.001), as
well as a lower rate of obese patients, defined as BMI > 30, (36.1% vs
68.8%, p = 0.022). Among observed comorbidities, Group 2 had a larger
number of patients with arterial hypertension, diabetes mellitus, and
tumor without metastasis.

The cyst characteristics of each group were recorded in Table 2.
Group 1 displayed a lower percentage of complicated cysts at the time of
diagnosis than Group 2 (34.4% vs 57.1%, p = 0.016). There were no
differences found in terms of cyst location, number, and size.

Radical surgery was performed in 58.8% of overall cases (60.2% vs
48.6% for Group 1 and 2, respectively, p = 0.259). Minor liver resections
were performed in 14.3% of overall cases (13.9% vs 17.1%, respectively
in each group, p = 0.804), while major liver resections were carried out
in 8.24% of overall cases (8.61% vs 5.71%, p = 0.259).

Data from postoperative complications before matching were
recorded in Table 4. Patients from Group 1 were observed to experience
lower rates in the following three categories: postoperative complica-
tions (84.3% vs 15.7%, p = 0.189), severe complications (defined as
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Table 1
Baseline characteristics of patients before PS matching.
All N=279 Group1 (<70  Group 2 P<
yr) N=244 (>70yr) 0.05
N=35
Age (years) Media, 51.3 (+/- 47.9 (+/- 75.0 (+/- <
SD 14.7) 12.3) 4.38) 0.001
Male gender, n (%) 149 (53.4%) 128/149 21/149 0.512
(52.5%) (60.0%)
Hospital length of 7.00 7.00 8.00 0.063
stay Median, IQR [6.00;10.0] [6.00;10.0] [6.00;15.5]
ASA, n (%) <
0.001
I 60 (21.5%) 60 (29.1%) 0 (0.0%)
)i 142 (50.9%) 127 (61.7%) 15 (71.4%)
III 25 (9%) 19 (9.2%) 6 (28.6%)
BMI Median, IQR 28.4 28.0 30.5 0.095
[25.1;31.6] [24.9;31.6] [27.5;31.6]
Obesity (BMI > 30), 72 (38.9%) 61 (36.1%) 11 (68.8%) 0.022
n (%)
Previous recurrence, 54 (19.4%) 48 (19.7%) 6 (17.1%) 0.900
n (%)
Smoker, n (%) 50 (18.1%) 49 (20.2%) 1 (2.86%) 0.023
SAHS, n (%) 10 (3.61%) 8 (3.31%) 2 (5.71%) 0.367
Arterial 77 (27.7%) 55 (22.6%) 22 (62.9%) <
hypertension, n 0.001
(%)
Diabetes mellitus, n 25 (8.99%) 15 (6.17%) 10 (28.6%) <
(%) 0.001
Myocardial 4 (1.44%) 3 (1.23%) 1 (2.86%) 0.418
infarction, n (%)
Congestive heart 1 (0.36%) 1 (0.41%) 0 (0.00%) 1.000
failure, n (%)
Peripheral vascular 5 (1.80%) 3 (1.23%) 2 (5.71%) 0.121
disease, n (%)
Cerebrovascular 4 (1.44%) 3 (1.23%) 1 (2.86%) 0.418
accident, n (%)
Dementia, n (%) 1 (0.36%) 0 (0.00%) 1 (2.86%) 0.126
COPD, n (%) 8 (2.88%) 6 (2.47%) 2 (5.71%) 0.266
Connective tissue 3 (1.08%) 3 (1.23%) 0 (0.00%) 1.000
disease, n (%)
Peptic ulcer disease, 9 (3.24%) 7 (2.88%) 2 (5.71%) 0.316
n (%)
Liver disease, n (%) 7 (2.52%) 7 (2.88%) 0 (0.00%) 1.000
Hemiplegia, n (%) 1 (0.36%) 1 (0.41%) 0 (0.00%) 1.000
Moderate to severe 4 (1.44%) 3 (1.23%) 1 (2.86%) 0.126
CKD, n (%)
Any tumor, n (%) 8 (2.88%) 4 (1.65%) 4 (11.4%) 0.010
Metastatic solid 1 (0.36%) 0 (0.00%) 1 (2.86%) 0.126
tumor, n (%)
CCI Median, IQR 0.00 0.00 [0.00; 0.00 <0.001
[0.00;0.00] 0.00] [0.00;2.00]

PS: propensity score; ASA: American Society of Anesthesiologists; BMI: body
mass index; SAHS: sleep apnea-hypopnea syndrome; COPD: chronic obstructive
pulmonary disease; CKD: chronic kidney disease; CCI: charlson comorbidity
index

Clavien-Dindo score > IIla) (9.43% vs 22.9%, p = 0.038), and post-
operative mortality (0.00% vs 5.71%, p = 0.015). No differences were
seen with respect to complications derived from infection, or the
development of biliary fistulas.

The median length of stay was 7.00 days [6.00; 10.0] for Group 1,
and 8.00 days [6.00; 15.5] for Group 2 (p = 0.063). No differences were
observed in the readmission rate between both groups.

The mean patient follow-up period after surgery was 76.55 months
[36.24; 126.03]. During follow-up, no statistically-significant differ-
ences were observed in terms of relapse rates (6.56% vs 3.03%, p =
0.703).

3.2. Comparison after PSM
After adjusting PSM to the preoperative covariates of comorbidity

and cyst characteristics (Table 3), 56 patients were placed in Group 1 (<
70 years), and 31 patients in Group 2 (> 70 years) (Table 4).
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Table 2
Characteristics of the cysts and surgery performed before PS matching.
All N=279 Group 1 (< 70 Group 2 P<
yr) N=244 (>70yr) N=35 0.05

Symptomatic, n (%) 121 (43.4%) 100 (41.0%) 21 (60.0%) 0.052

WHO 0.502
Classification, n
(%):

- CE1 23 (8.88%) 18 (7.89%) 5 (16.1%)

- CE2 121 (46.7%) 109 (47.8%) 12 (38.7%)

-CE3 39 (15.1%) 33 (14.5%) 6 (19.4%)

- CE4 53 (20.5%) 47 (20.6%) 6 (19.4%)

- CE5 23 (8.88%) 21 (9.21%) 2 (6.45%)

Jaundice, n (%) 35 (12.5%) 30 (12.3%) 5 (14.3%) 0.784

Hepatothoracic 25 (8.96%) 21 (8.61%) 4 (11.4%) 0.533
transit, n (%)

Infected cysts, n 20 (7.17%) 14 (5.74%) 6 (17.1%) 0.026
(%)

Rupture cysts, n (%) 11 (3.94%) 6 (2.46%) 5 (14.3%) 0.006

Complicated cysts, 104 (37.3%) 84 (34.4%) 20 (57.1%) 0.016
n (%)

Calcified hydatid 59 (21.1%) 52 (21.3%) 7 (20.0%) 1.000
cyst, n (%)

Number of cysts 1.00 1.00 1.00 0.859
Median, IQR [1.00;1.00] [1.00;1.00] [1.00;1.00]

> 2 cysts, n (%) 66 (27.3%) 59 (24.2%) 7 (20.0%) 0.740

Diameter cyst 7.00 7.00 [5.00; 9.00 [6.00; 0.176
Median, IQR [5.00;11.0] 11.0] 11.0]

Location, n (%) 0.592

Right liver 172 (61.9%) 153 (63.0%) 19 (54.3%)

Left liver 80 (28.8%) 68 (28.0%) 12 (34.3%)

Both 26 (9.35%) 22 (9.05%) 4 (11.4%)

Radical surgery, n 164 (58.8%) 147 (60.2%) 17 (48.6%) 0.259
(%)

Opened 138 (49.5%) 118 (48.4%) 20 (57.1%) 0.429
cystectomy, n (%)

Partial cystectomy, 115 (41.2%) 97 (39.8%) 18 (51.4%) 0.259
n (%)

Minor liver 40 (14.3%) 34 (13.9%) 6 (17.1%) 0.804
resection, n (%)

Major liver 23 (8.24%) 21 (8.61%) 2 (5.71%) 0.750
resection, n (%)

Postoperative 115 (41.2%) 97 (39.8%) 18 (51.4%) 0.259

morbidity, n (%)

PS: propensity score; WHO: World Health Organization; CE: cyts echinococcosis

Statistically-significant differences were found in postoperative
complications between the two groups, particularly in severe compli-
cations (5.36% vs 25.8%, p = 0.014). No statistically-significant dif-
ferences were seen after matching in cardiorespiratory complications
(10.7% vs 22.6%, p = 0.208) or infection-related complications (16.1%
vs 25.8%, p = 0.415). Likewise, no statistically-significant differences
were observed in the rate of postoperative hemorrhage or hematoma
(1.79% vs 6.45%, p = 0.288). Lastly, no statistically-significant differ-
ences were recorded in postoperative mortality either (0.00% vs 6.45%,
p = 0.124).

Comparison in readmission rates did render statistically-significant
differences (1.79% vs 16.1%, p = 0.020).

Table 3
Covariates chosen to perform PS matching.
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4. Discussion

Hydatid disease currently remains a major health concern in
endemic areas (Muhtarov et al., 2018). No consensus has been reached
as to what the best treatment approach is, but surgery is considered the
standard of care for hepatic hydatidosis (El Malki et al., 2014; Jaén--
Torrejimeno et al., 2020). The management of LHCs mainly depends on
the patient’s general condition, the size and localization of cysts, path-
ological involvement, available expertise, and equipment (Pang et al.,
2018).

Given the increase in life expectancy and the aging of the population,
there has been a rise in the incidence rates of hepatobiliary tumors and
benign liver pathologies susceptible to surgical resection in elderly pa-
tients (Reddy et al., 2011).

Studies published to date on liver surgery in elderly patients pri-
marily focus on malignancies, with scant literature revolving around
benign pathologies, including hepatic hydatidosis. Since this is an
endemic and prevalent disease in our region, we wanted to study it
further and analyze the outcomes for elderly patients. We performed a
propensity score-matched analysis to compare the postoperative
morbidity in both groups in an experienced hepatobiliary surgical unit,
and to reduce the bias inherent to retrospective studies.

Recent works comparing conservative to radical therapies have
rendered conflicting results, due to the limited number of randomized
studies available, leaving authors to advocate for their preferred
approach based on small retrospective comparative series.

In our series, we performed radical resection in 58.8% of cases, and
observed no differences in the approach between elderly patients and
younger populations. It is worth noting that, traditionally, liver resec-
tion was not indicated in the elderly due to their comorbidities; decrease
in renal, liver, and cardiopulmonary functional reserve; and in many
cases accompanying malnutrition (Reddy et al., 2011).

In our series, 48.6% of patients in Group 2 were subjected to radical
surgery, with 17.1% undergoing minor liver resection, and 5.71% major
liver resection. No differences were found between the two groups in
terms of the type of surgery performed.

Thanks to the improvements witnessed in recent years in anesthesia
management and intensive care units, the understanding of hepatic
segmental anatomy, and transection devices, liver resections have pro-
duced lower morbidity and mortality rates, which in turn has allowed
surgeons to broaden selection criteria in elderly patients (Cho et al.,
2011; Reddy et al, 2011) and those with chronic liver disorders
(Aldrighetti et al., 2003).

However, conflicting outcomes have been observed for elderly pa-
tients undergoing hepatic resection or hepatectomies, both in terms of
the safety of the surgery and the postoperative long-term survival. A
contributing factor in many cases has been the lack of baseline infor-
mation, such as comorbidities and the American Society of Anesthesi-
ologists (ASA) score (Jin et al., 2020). Recent published research studies
have reported no differences in the tolerance of hepatic resection be-
tween elderly patients and younger populations, albeit higher associated
postoperative morbidity and mortality have been recorded. Usually,
these are patients with significant comorbidities, thus having increased
risk of perioperative complications (Cieslak et al., 2016; Hung and Guy,

Before PSM Std. Mean Diff. After PSM Std. Mean Diff

Group 1 (< 70 yr) Group 2 (> 70 yr) P overall Group 1 (< 70 yr) Group 2 (> 70 yr) P overall

N =244 N=35 N =56 N=31
CClI 0.26 (0.60) 0.89 (1.18) 0.004 0.531 0.52 (0.91) 0.65 (0.98) 0.556 0.027
Symptomatic 100 (41%) 21 (60.0%) 0.052 0.388 31 (55.4%) 17 (54.8%) 1.000 -0.033
Rupture cyst 6 (2.46%) 5 (14.3%) 0.006 0.338 3 (5.36%) 4 (12.9%) 0.241 0.138
Complicated cyst 84 (34.4%) 20 (57.1%) 0.016 0.459 31 (55.4%) 16 (51.6%) 0.912 -0.163
Infected cyst 14 (5.74%) 6 (17.1%) 0.026 0.303 8 (14.3%) 4 (12.9%) 1.000 -0.128

Std. Mean Diff: standard mean difference; CCI: Charlson’s Comorbidity Index
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Table 4

Postoperative morbidity and specific complications before and after PS matching.
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Before PS matching

After PS matching

All Group 1 (< 70 Group 2 OR(CI P< AllIN=87 Group 1 (< 70 Group 2 (> OR (CI P<
N=279 yr) N=244 (>70yr) 95%) 0.05 yr) N=56 70 yr) N =31 95%) 0.05
N=35
Clavien Dindo, n (%) 0.008 0.037
None 163 146(59.8%) 17(48.6%) 47(54%) 31(55.4%) 16(51.6%)
(58.4%)
I 45 40(59.8%) 5(14.3%) 12 8(14.3%) 4(12.9%)
(58.4%) (13.8%)
I 40 35(16.4%) 5(14.3%) 17 14(25.0%) 3(9.68%)
(16.1%) (19.5%)
IIa 21 16(6.56%) 5(14.3%) 7 2(3.57%) 5(16.1%)
(7.53%) (8.05%)
I1b 7 7(2.87%) 0(0.00%) 1 1(1.79%) 0(0.00%)
(2.51%) (1.15%)
IVa 1 0(0.00%) 1(2.86%) 1 0(0.00%) 1(3.23%)
(0.36%) (1.15%)
IVb 0 0(0.00%) 0(0.00%) 0 0(0.00%) 0(0.00%)
(0.00%) (0.00%)
\% 2 0(0.00%) 2(5.71%) 2 0(0.00%) 2(6.45%)
(0.72%) (2.30%)
Severe complication (CD > 31 23 (9.43%) 8 (22.9%) 2.85 [1.16; 0.038 11 3 (5.36%) 8 (25.8%) 5.84 [1.5 0.014
1lTa), n (%) (11.1%) 6.99] (12.6%) -30.2]
Postoperative mortality, n 2 0 (0.00%) 2 (5.71%) - 0.015 2 0 (0.00%) 2 (6.45%) - 0.124
(%) (0.72%) (2.30%)
Infectious complications, n 47 38 (15.6%) 9 (25.7%) 1.88 [0.82; 0.209 17 9 (16.1%) 8 (25.8%) 1.81 0.415
(%) (16.8%) 4.32] (19.5%) [0.59;
5.42]
Wound infection, n (%) 14 12 (4.92%) 2 (5.71%) 1.17 [0.25; 0.691 6 5 (8.93%) 1 (3.23%) 0.38[0.01 0.415
(5.02%) 5.47] (6.90%) -2.63]
Residual cavity infection, n 29 24 (9.84%) 5 (14.3%) 1.53 [0.54; 0383 9 4 (7.14%) 5 (16.1%) 2.45 0.271
(%) (10.4%) 4.31] (10.3%) [0.58;
11.1]
Subphrenic abscess, n (%) (2.87%) 7 (2.87%) 1 (2.86%) 0.99 [0.12; 1.000 2 1 (1.79%) 1 (3.23%) 1.82 1.000
8.34] (2.30%) [0.05;
72.71
Biliary fistula, n (%) 55 47 (19.3%) 8 (22.9%) 1.24 [0.53; 0.785 13 7 (12.5%) 6 (19.4%) 1.67 0.531
(19.7%) 2.91] (14.9%) [0.48;
5.70]
Hematoma_Hemorrhage, n 6 4 (1.64%) 2 (5.71%) 3.64 [0.64; 0.166 3 1 (1.79%) 2 (6.45%) 3.52 0.288
(%) (2.15%) 20.63] (3.45%) [0.27;
114]
Respiratory complications, n 27 19 (7.79%) 8 (22.9%) 3.51 [1.4; 0.011 13 6 (10.7%) 7 (22.6%) 2.40 0.208
(%) (9.68%) 8.78] (14.9%) [0.71;
8.41]
Cardiac complications, n (%) 2 1 (0.41%) 1 (2.86%) 7.15 [0.44; 0.236 1 0 (0.00%) 1 (3.23%) - 0.356
(0.72%) 116.94] (1.15%)
Reoperation, n (%) 9 7 (2.87%) 2 (5.71%) 2.05 [0.41; 0.314 3 1 (1.79%) 2 (6.45%) 3.52 0.288
(3.23%) 10.3] (3.45%) [0.27;
114]
Readmission to hospital, n 24 19 (7.79%) 5 (14.3%) 1.97 [0.69- 0.200 6 1 (1.79%) 5(16.1%) 9.32 0.020
(%) (8.60%) 5.67] (6.90%) [1.24;
256]
Recurrence, n (%) 17 16 (6.56%) 1 (3.03%) 0.44 [0.06- 0.703 9 8 (14.3%) 1 (3.45%) 0.24 0.157
(6.14%) 3.47] (10.6%) [0.01;
1.46]

PS: propensity score; CD: Clavien-Dindo; OR: odds ratio; CI: confidence interval

2015).

Existing literature on elderly patients include carefully selected pa-
tients, limiting their outcome applicability; in addition, the conse-
quences of aging on liver function remain largely unknown (Cieslak
et al., 2016). They are different definitions in medical literature for the
cutoff age for an individual to be designated as elderly (Adam et al.,
2010; De Blasi et al., 2018). According to the World Health Organization
(WHO), the elderly population is defined as people aged 60 and over.
However, the most frequently used cutoff age is 70 (Kumari et al., 2020;
Van Tuil et al., 2019), which was adopted for our study. We have taken
this value because we consider that a lower age is usually associated
with less comorbidity in our population and this could generate some
biases.

In our series, 12.5% of cases fit this definition. In Group 2 (> 70

years) 100% of patients were ASA II-III, whereas in Group 1, 29.1% were
ASA 1. Before matching and also in Group 2, patients presented with a
larger number of complicated cysts (57.1% vs 34.4%, p = 0.016); as well
as a higher rate, although not statistically-significant, of symptoms at the
time of diagnosis (60% vs 41%, p = 0.052). This may be explained by the
fact that surgical indication for benign pathologies in elderly patients is
likely influenced by the cyst characteristics, and the common approach
in asymptomatic cases is typically observation instead of surgery.
Surgical treatment of hydatid disease has traditionally been associ-
ated with a high postoperative morbidity rate, with most studies
reporting a range of 10-26%, but some reaching 60% (Baraket et al.,
2014). Furthermore, postoperative morbidity and mortality rates
recorded in different works for major liver resections in elderly patients
are somewhere in the range of 30-40% and 4-5%, respectively (Cho
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et al., 2011). For the elderly patients who do undergo hepatectomy,
there have been conflicting results regarding operation safety and
long-term survival (Bockhorn et al., 2009; Kumari et al., 2020). Before
matching, a larger number of complications was observed among the
elderly, as well as a higher rate of severe complications (9.43% vs
22.9%, p = 0.038); these rates remained higher for Group 2 after
matching as well, but they dropped within the range found in literature.
No differences were observed in the rate of complications associated
with infection, hemorrhage or reintervention before or after matching.
Respiratory complications did show statistically-significant differences
before matching among both groups but, after matching, these subsided.

Propensity scoring is a statistical technique for dealing with selection
bias in observational studies. Selection bias arises when specific patients
are more (or less) likely to receive a treatment owing to confounding by
indication. With propensity scoring, patient and provider characteristics
are used to calculate the probability that a patient will receive the
intervention and to create matched patient cohorts (Adamina et al.,
2006; Hemmila et al., 2010).

Our series has several limitations. Despite trying to homogenize both
groups by performing PSM analysis, the study is based on retrospective
data. After PSM, we tried to emulate the randomization process and
homogenize both study groups to limit confounding factors and selec-
tion bias for surgery indication, thus allowing us to establish a better
comparison of postoperative morbidity and mortality rates between
both groups. The decreased number of cases per group after PSM could
influence results.

5. Conclusions

Advanced age should not be considered a contraindication in and of
itself for a surgical approach to hepatic hydatidosis. While these patients
experience a higher postoperative morbidity rate than the younger
population, said rate is low and acceptable when procedures are per-
formed in skilled hepatic surgery units. The key is to consider the
physiological characteristics and high rate of comorbidities typically
seen in this vulnerable group, in order to establish strict selection
criteria for those who could benefit most from a surgical approach.
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