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Abstract
To explore the protective and therapeutic measures of improving perioperative safety in extremely elderly patients with biliary
diseases, so as to improve the therapeutic efficacy of surgery.
A retrospective case–control study of 412 elderly patients with biliary diseases was carried out from July 2013 to July 2019.

Seventy eight cases were divided into the high age (HA) group (≥80years) and 334 into the middle–low age (MLA) group (60–79
years).
In the HA compared with MLA group,

1. Preoperative coexisting diseases: the occurrence of coexisting coronary heart disease (CHD), hypertension, chronic bronchitis
with emphysema, hypoproteinemia, and anemia were significantly increased;

2. Laboratory examinations: function of liver, kidneys, heart, lungs, and blood coagulation significantly declined;

3. Surgical procedures: open cholecystectomy with transcystic common bile duct (CBD) exploration significantly higher, while
laparoscopic cholecystectomy significantly lower;

4. Operative effects: intraoperative blood loss, operation time, postoperative hospital stay, and length of hospitalization significantly
increased or prolonged;

5. Postoperative complications: postoperative respiratory failure, pulmonary infection, anemia and electrolyte disorder significantly
increased;

6. Therapeutic outcomes: no significant difference in the therapeutic effects.
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Although the surgical risk was significantly increased, there was no significant difference in the therapeutic efficacy in the HA
compared with MLA group, suggesting that surgical treatment in extremely elderly patients with biliary diseases is safe and feasible.
The key is to actively treat preoperative coexisting diseases, strictly adhere to surgical indications, reasonably select surgical
procedures, precisely perform the operation, closely monitor and control intraoperative emergencies, timely prevent and treat
postoperative complications, so as to improve the perioperative safety of extremely elderly patients with biliary diseases.

Abbreviations: CBD = common bile duct, CHD = coronary heart disease, HA = high age, LC = laparoscopic cholecystectomy,
MLA = middle–low age, OTCBDE = open transcystic common bile duct exploration.
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1. Introduction

According to the up-to-date information released by the Chinese
National Bureau of Statistics, by the end of 2019, the population
aged ≥60years in China reached 253,880,000, accounting for
18.1% of the total population. With the increase in the aging
population, biliary diseases, mainly stones, inflammation and
tumors have become frequent in China,[1] with a morbidity rate
of 8% to 11%.[2] Due to the decline in stress response, defense
ability and immunity, elderly patients with biliary diseases have
many clinical characteristics, such as multiple coexisting diseases,
rapid progression, poor surgical tolerance, high surgical risk,
frequent postoperative complications, and high mortality.[3]

Extremely elderly patients with biliary diseases are a high-risk
population for surgical treatment.[4] How to ensure the
perioperative safety in extremely elderly patients who really
need surgical treatment is an exasperating problem.[5,6] The
present study explored the protective and therapeutic measures of
improving perioperative safety in extremely elderly patients with
biliary diseases, to strengthen assurance of perioperative safety,
and improve the therapeutic efficacy of surgical operation.

2. Material and methods

2.1. Clinical data
2.1.1. General information. This was a retrospective case–
control study of 412 elderly patients with biliary diseases treated
by the Department of General Surgery, Beijing Electric Power
Hospital, State Grid Corporation of China, Capital Medical
University between July 2013 and July 2019. According to age,
78 cases were divided into the high age (HA) group (≥ 80years)
and 334 into the medium–low age (MLA) group (60–79years).

2.1.2. Inclusion and exclusion criteria. Inclusion criteria:
1.
 age ≥60years;

2.
 definite diagnosis of biliary diseases;

3.
 clear operative indications;

4.
 patients and their families agreed to surgical treatment, and

gave signed informed consent.

Exclusion criteria:
1.
 age <60years;

2.
 uncontrollable cardiopulmonary insufficiency; and

3.
 patients or their families refused surgical treatment.

The study was approved by the Ethics Committee of Beijing
Electric Power Hospital, State Grid Corporation of China, with
the approval number of KY-2018-101-01-X.

2.1.3. Laboratory and imaging examinations. Before surgery,
function of liver, kidneys, heart, lungs and coagulation system
was routinely examined.When necessary, echocardiography, 24-
hours dynamic electrocardiography (ECG), coronary artery
computed tomography angiography (CTA), craniocerebral
magnetic resonance angiography (MRA), and head and neck
CTA, were carried out to examine the function of important
organs. At the same time, abdominal B ultrasound, CT, magnetic
resonance imaging (MRI), and magnetic resonance cholangio-
pancreatography (MRCP) were performed to confirm the exact
diagnosis of biliary diseases.

2.1.4. Surgical procedures. According to the individual
patient’s status, an appropriate surgical procedure was selected.
2

For elderly patients with benign biliary diseases, it was reasonable
to select laparoscopic cholecystectomy (LC), laparoscopic trans-
cystic common bile duct exploration, laparoscopic common bile
duct exploration with T-tube drainage (LCBDE+T), open
cholecystectomy, open transcystic common bile duct exploration
(OTCBDE), open common bile duct exploration with T-tube
drainage (OCBDE+T), hepatolobectomy, LC+endoscopic
sphincterotomy (EST) or endoscopic papillary balloon dilatation
(EPBD) via laparoscopy combined with homochronous endos-
copy or choledochoscopy. For elderly patients with malignant
biliary diseases, radical pancreaticoduodenectomy, radical resec-
tion of hilar cholangiocarcinoma, radical resection of gallbladder
cancer, palliative modified loop cholecystojejunostomy and
gastrojejunostomy with Braun anastomosis, was selected.

2.1.5. Follow-up. Follow-up was conducted by outpatient visit
and telephone. The elderly patients with benign biliary diseases
were questioned about the occurrence of delayed bile duct injury
and postoperative recurrence or regeneration of common bile
duct (CBD) stones, and whether postoperative tumor recurrence
occurred in elderly patients with malignant biliary diseases.

2.1.6. Statistical analysis. SPSS version 22.0 was used for
statistical analysis. The measurement data were expressed as
mean ± SD. If normal distribution was satisfied, Student t test
was used for comparison between 2 independent samples. When
the variance was uneven, the corrected t-test was used. If there
was no normal distribution, the data were expressed by the
median and quartile spacing (P25–P75) and compared byMann–
Whitney U rank sum test. The enumeration data were expressed
as rate (%) or constituent ratio, and the x2 test was used for
comparisons between 2 groups. Continuity correction or Fisher
exact probability test was used for results that did not satisfy the
conditions. The rank data were tested by Mann–WhitneyU rank
sum test for comparisons between 2 independent samples. The
Kaplan–Meier method was used to calculate survival time and
draw the survival curve. P< .05 was considered statistically
significant.
3. Results

3.1. Age

The age distribution of 412 elderly patients with biliary diseases
was 60 to 96years, with an average of 71.9±8.6years. In the HA
group, the average age of 69 patients was 84.4±3.9years,
ranging from 80 to 96years. In the MLA group, the average age
was 68.3±5.8years, ranging from 60 to 79years.
3.2. Types of biliary diseases

The 3 most common biliary diseases were cholecystolithiasis,
acute cholecystitis and choledocholithiasis. Among them, 143
(34.7%) patients had 1 type of biliary disease, 210 (51.0%) had 2
types, and 59 (14.3%) had 3 types. The distribution of types of
diseases in the HA compared with MLA group is shown in
Table 1. There was no significant difference in the distribution of
disease types between the 2 groups, except CBD stones.
3.3. Preoperative coexisting diseases

There were 11 preoperative coexisting diseases, such as coronary
heart disease (CHD), hypertension and diabetes mellitus, and 344



Table 1

Distribution of disease type in HA and MLA groups, n (%).

Type of disease HA group MLA group x2/Fisher P value

Gallbladder stones 51 (33.1) 229 (39.1) 0.293 >.05
∗

CBD stones 30 (19.5) 87 (14.8) 4.792 <.05
∗

Hepatolithiasis 1 (0.7) 3 (0.5) - >.05†

Chronic cholecystitis 3 (2.0) 36 (6.1) 3.546 >.05
∗

Acute cholecystitis 47 (30.5) 168 (28.7) 2.512 >.05
∗

Gallbladder polyps 2 (1.3) 13 (2.2) 0.052 >.05
∗

Acute cholangitis 9 (5.8) 17 (2.9) 3.424 >.05
∗

Biliary pancreatitis 6 (3.9) 10 (1.7) 2.587 >.05
∗

Biliary tract tumors 5 (3.2) 15 (2.6) 0.174 >.05
∗

Gallbladder carcinoma 0 (0.0) 8 (1.4) 0.855 >.05
∗

Total 154 (100) 586 (100)

A single patient may have 1 to 3 types of biliary diseases.
∗
x2 test.

† Fisher exact probability test.

Zhang et al. Medicine (2021) 100:21 www.md-journal.com
(83.5%) patients had at least 1 coexisting disease. In the HA
group, patients had 0 to 8 preoperative coexisting diseases:
2 (2.6%) had no coexisting diseases, 18 (23.1%) had 1, and
13 (16.7%) had 2. In the MLA group, patients had 0 to 6
preoperative coexisting diseases, 66 (19.8%) had no coexisting
diseases, 85 (25.4%) had 1, and 89 (26.6%) had 2. The
proportion of preoperative coexisting CHD, hypertension,
chronic bronchitis with emphysema, hypoproteinemia, and
anemia were significantly increased, instead of diabetes mellitus
was significant decreased in the HA compared with MLA group
(P< .05) (Table 2).
3.4. Laboratory examinations

Preoperative white blood cell count, neutrophil percentage, high-
sensitivity C-reactive protein (Hs-CRP), aspartate aminotrans-
feras (AST), total bilirubin (TBil), direct bilirubin (DBil),
creatinine, brain natriuretic pepttide (BNP), high-sensitivity
troponin I (HsTn-I), myoglobin, prothrombin time (PT),
international normalized ratio (INR), fibrinogen (Fib), D-dimer
(D-D) in blood were significantly increased, whereas hemoglobin
(Hb), total protein (TP) and albumin (Alb) were significantly
decreased, in the HA compared with MLA group (P< .05)
(Table 3). This suggested that the preoperative function of liver,
kidneys, heart, lungs and blood coagulation in the HA group
were significantly lower compared with those in the MLA group.
Table 2

Comparison of distribution of coexisting diseases in HA and MLA gr

Type of coexisting disease HA group

Coronary heart disease 26 (33.3)
Hypertension 52 (66.7)
Diabetes mellitus 8 (10.3)
Old cerebral infarction 18 (23.1)
Chronic bronchitis and emphysema 12 (15.4)
Pulmonary infection 4 (5.1)
Hepatic insufficiency 28 (35.9)
Renal insufficiency 4 (5.1)
Electrolyte disorder 10 (12.8)
Hypoproteinemia 30 (38.5)
Anemia 30 (38.5)
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3.5. Surgical procedures

Four hundred twelve patients underwent surgical treatment with
one of 12 procedures (Table 4), including pancreaticoduodenec-
tomy, radical resection of hilar cholangiocarcinoma, or radical
resection of gallbladder carcinoma. The number of patients who
underwent OC+OTCBDE was significantly higher, while the
number who underwent LC was significantly lower, in the HA
compared with MLA group (P< .05).
3.6. Operative effects

The intraoperative blood loss, operating time, postoperative
hospital stay, and length of hospitalization were significantly
increased or prolonged (P< .05) in the HA compared with MLA
group (Table 5).
3.7. Postoperative complications

Ten postoperative complications were recorded: hypoproteine-
mia, electrolyte disorder, incision fat liquefaction, respiratory
failure, hepatic insufficiency, renal insufficiency, pulmonary
infection, heart failure or myocardial infarction, anemia, biliary
or pancreatic fistula. Hypoproteinemia had the highest incidence,
followed by anemia and electrolyte disturbance. A single patient
could have 1 to 6 postoperative complications. The number of
patients with postoperative respiratory failure, pulmonary
oups, n (%).

MLA group x 2 P value

59 (17.7) 9.481 <.05
159 (47.6) 9.196 <.05
79 (23.7) 6.812 <.05
50 (15.0) 3.016 >.05
11 (3.3) 15.320 <.05
6 (1.8) 1.724 >.05
92 (27.5) 2.137 >.05
12 (3.6) 0.094 >.05
24 (7.2) 2.652 >.05
85 (25.4) 5.321 <.05
39 (11.7) 32.537 <.05

http://www.md-journal.com


Table 3

Comparison of laboratory test results before operation in HA and MLA groups [M (P25-P75)].

Item HA group MLA group Z P value

Blood routine
WBC (�109/L) 8.5 (5.8–13.0) 6.7 (5.3–10.5) �2.726 <.05
N (%) 83.8 (71.1–89.5) 72.9 (61.3–86.2) �3.790 <.05
Hb (g/L) 119.5 (104.0–138.3) 130.0 (120.0–139.0) �3.545 <.05

Blood biochemistry
Hs-CRP (mg/L) 62.3 (7.2–115.3) 12.6 (1.8–69.7) �4.073 <.05
ALT (U/L) 37.0 (14.0–114.0) 25.0 (14.0–98.3) �0.565 >.05
AST (U/L) 36.5 (19.0–112.3) 23.0 (17.0–77.0) �2.158 <.05
TP (g/L) 61.0 (56.0–65.8) 65.1 (60.2–69.7) �3.646 <.05
Alb (g/L) 34.5 (31.3–38.1) 38.5 (35.0–42.2) �5.516 <.05
TBil (mmol/L) 28.2 (14.1–67.8) 18.6 (12.0–34.0) �2.781 <.05
DBil (mmol/L) 8.4 (3.6–39.8) 4.1 (2.5–13.6) �3.604 <.05
Cr (mmol/L) 83.0 (69.3–97.3) 72.0 (61.8–85.0) �3.718 <.05
Glu (mmol/L) 5.9 (5.0–7.4) 6.1 (5.0–7.8) �1.264 >.05

Cardiac index
BNP (pg/mL) 85.9 (55.8–251.4) 66.0 (31.8–116.0) �2.789 <.05
HsTn-I (�10–2ng/mL) 0.7 (0.4–1.5) 0.4 (0.2–0.7) �3.733 <.05
CKMB (ng/mL) 1.0 (0.5–1.6) 0.8 (0.5–1.2) �1.572 >.05
Myo (ng/ml) 71.5 (40.8–108.5) 44.7 (32.1–69.0) �2.900 <.05

Blood coagulation function
APTT (s) 32.0 (30.0–35.0) 31.7 (29.5–34.1) �1.238 >.05
PT (s) 11.7 (10.8–12.7) 11.2 (10.6–12.3) �2.631 <.05
INR 1.1 (1.0–1.2) 1.0 (1.0–1.1) �2.965 <.05
Fib (g/L) 3.9 (3.2–4.7) 3.5 (2.8–4.3) �2.887 <.05
D-D (mg/L) 0.4 (0.2–0.8) 0.2 (0.1–0.5) �4.465 <.05

Alb = albumin, ALT = alanine aminotransferase, APTT = activated partial thromboplastin time, AST = aspartate aminotransferas, BNP = B-type natriuretic peptide, CKMB = creatine kinase isoenzyme, Cr =
creatinine, DBil = direct bilirubin, D-D = D-dimer, Fib = fibrinogen, Glu = glucose, Hb = hemoglobin, Hs-CRP = high sensitivity C-reactive protein, HsTn-I = high-sensitivity troponin I, INR = international
normalized ratio, MYO = myoglobin, N = neutrophil percentage, PT = prothrombin time, TBil = total bilirubin, TP = total protein, WBC = white blood cell count.
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infection, anemia and electrolyte disorder was significantly
increased in the HA compared with MLA group (P< .05)
(Table 6).
3.8. Therapeutic outcomes

Among 412 elderly patients, 402 (97.6%) were cured, 2 (0.5%)
improved, and 8 (1.9%) died. In the HA group, 75 patients were
Table 4

Comparison of surgical procedures in HA and MLA groups, n (%).

Surgical procedure HA group

Pancreaticoduodenectomy 2 (2.6)
Radical resection of hilar cholangiocarcinoma 2 (2.6)
Radical resection of gallbladder carcinoma 0 (0.0)
Hepatolobectomy 1 (1.3)
OC 5 (6.4)
OC+OTCBDE 12 (15.4)
OC+OCBDE+T 8 (10.3)
LC 35 (44.9)
LC+LTCBDE 7 (9.0)
LC+LCBDE+T 4 (5.1)
LC + EST ⧸ EPBD 0 (0.0)
PMLCG 2 (2.6)
∗
x 2 test.

† Fisher exact probability test.
EPBD = ndoscopic papillary balloon dilatation, EST = endoscopic sphincterotomy, LC = laparoscopic chole
laparoscopic transcystic common bile duct exploration, OC = open cholecystectomy, OCBDE+T = open
exploration, PMLCG = palliative modified loop cholecystojejunostomy and gastrojejunostomy with Braun

4

cured, with a cure rate of 96.2% (75/78), 1 (1.3%) improved, and
2 (2.5%) patients died of acute myocardial infarction at 2 and 4
days after surgery, respectively. In the MLA group, 327 patients
were cured, with a cure rate of 97.9% (327/334), 1 (0.3%)
improved, and 6 (1.8%) patients died at 6, 7, 14, 18, 18, and 31
days after surgery, with 1 who died due to acute pulmonary
embolism, 1 acute heart failure, 1 acute myocardial infarction, 1
acute cerebral infarction, and 2 multiple organ failure. No
MLA group x2/ Fisher P value

8 (2.4) 0.000 >.05
∗

4 (1.2) 0.146 >.05
∗

6 (1.8) 0.446 >.05
∗

3 (0.9) – >.05†

10 (3.0) 1.242 >.05
∗

21 (6.3) 7.102 <.05
∗

14 (4.2) 3.480 >.05
∗

217 (65.0) 10.753 <.05
∗

18 (5.4) 0.866 >.05
∗

23 (6.9) 0.319 >.05
∗

7 (2.1) 0.645 >.05
∗

3 (0.9) >.05†

cystectomy, LCBDE+T = laparoscopic common bile duct exploration with T-tube drainage, LTCBDE =
common bile duct exploration with T-tube drainage, OTCBDE = open transcystic common bile duct
’s anastomosis.



Table 5

Comparison of operative effects in HA and MLA groups [M (P25-P75)].

Item HA group MLA group Z P value

The intraoperative blood loss (ml) 30.0 (20.0–100) 15.0 (10.0–30.0) �4.275 <.05
Operation time (min) 92.5 (70.0–141.3) 75.0 (50.0–115.0) �3.227 <.05
Postoperative hospital stay (d) 10.0 (6.0–16.5) 7.0 (4.0–11.0) �3.752 <.05
Length of hospitalization (d) 17.0 (11.8–23.0) 13.0 (9.0–19.0) �3.368 <.05

Table 6

Comparison of postoperative complications in HA and MLA groups, n (%).

Complication HA group MLA group x 2 P value

Hypoproteinemia 31 (39.7) 104 (31.1) 2.126 >.05
Electrolyte disorder 17 (21.8) 43 (12.9) 4.044 <.05
Incision fat liquefaction 1 (1.3) 7 (2.1) 0.000 >.05
Respiratory failure 6 (7.7) 1 (0.3) 16.503 <.05
Hepatic insufficiency, 2 (2.6) 16 (4.8) 0.312 >.05
Renal insufficiency 5 (6.4) 7 (2.1) 2.777 >.05
Pulmonary infection 12 (15.4) 10 (3.0) 16.833 <.05
Heart failure or myocardial infarction 3 (3.8) 9 (2.7) 0.029 >.05
Anemia 28 (35.9) 78 (23.4) 5.207 <.05
Biliary or pancreatic fistula 2 (2.6) 8 (2.4) 0.000 >.05

A single patient may have 1 to 6 kinds of postoperative complications.

Table 7

Comparison of therapeutic effects in HA and MLA groups, n (%).

Therapeutic effects HA group MLA group Z P value

Cured 75 (96.2%) 327 (97.9%)
Improved 1 (1.3%) 1 (0.3%)
Died 2 (2.5%) 6 (1.8%)
Total 78 334 �0.895 >.05
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significant difference in the therapeutic effects between the 2
groups was observed using the Mann–Whitney U rank sum test
(P> .05) (Table 7).
3.9. Follow-up

The follow-up time was up to July 31, 2020. Among the 412
patients, 397 underwent follow-up, with a follow-up rate of
96.4%. Three hundred seventy one patients with benign biliary
diseases were followed up and thirteen were lost. No patients had
delayed bile duct injury, or recurrence or regeneration of CBD
stones. Twenty six patients with malignant biliary diseases were
followed up and 2 were lost. There was only 1 case of tumor
recurrence (3years after radical surgery for T3 gallbladder
cancer). The survival time was 0.5 to 77.7months. The average
survival time was 23.5±5.5months. The median survival time
was 12.3months with the 95% confidence interval of 4.9 to 19.7
months. The overall survival curve was shown in Figure 1.

4. Discussion

4.1. Actively manage preoperative coexisting diseases

In elderly patients with biliary diseases, the morbidity of
preoperative coexisting diseases was as high as 65% to 90%,
and often combined with one or more coexisting diseases.[3] In
5

particular, in elderly patients with cholelithiasis, the morbidity
was as high as 30% and increased with age, and the incidence of
coexisting diseases was 47.8%, including 13.7% with 2 or 3
diseases.[7]

We found 11 preoperative coexisting diseases such as CHD,
hypertension and diabetes mellitus, and 344 (83.5%) patients
had at least 1 coexisting disease. Compared with theMLA group,
the number of patients with preoperative coexisting CHD,
hypertension, chronic bronchitis with emphysema, hypoprotei-
nemia, and anemia in the HA group was significantly increased.
This indicated that active treatment of preoperative coexisting
diseases is a key factor to ensure perioperative safety of elderly
patients.
For elderly patients with coexisting CHD, if cardiac dysfunc-

tion or arrhythmia can be controlled by drugs, cardiac
compensatory function is better, and ejection fraction is
>60%, surgical treatment can be considered.[8] If patients have
a history of cardiac dysfunction, surgery can only be performed
when the illness has been stable for 1month. If patients have a
history of AMI, surgery should only be performed when the
illness has been stable for at least 6months. In patients with
symptoms of AMI, the serum levels of BNP, cTnI, creatine kinase
MB (CKMB) and myoglobin should be measured urgently to
establish the severity of heart failure and myocardial injury. If the
levels of cTnI, CKMB and myoglobin are increased, suggesting
diagnosis of AMI, which should be actively treated, the operation

http://www.md-journal.com


Figure 1. Overall survival curve of 26 elderly patients with malignant biliary
tumors after surgery.

Zhang et al. Medicine (2021) 100:21 Medicine
should be undertaken carefully or postponed. If patients have a
history of bradycardia, a cardiac pacemaker should be implanted
before surgery.
For elderly patients with coexisting hypertension, it is

suggested that thiazide diuretics, calcium channel blockers,
b�receptor blockers and other antihypertensive drugs[9] should
be taken before the operation, so that preoperative blood
pressure is maintained below 140/90mm Hg. Some researchers
have also suggested that preoperative blood pressure should be
below 135/85mm Hg, and remain stable for 1 to 2weeks. It is
noteworthy that if patients take drugsthat cause intractable
hypotension during the perioperative period for a long time, such
as reserpine, compound anti-hypertensive tablets (No. 0) and
pargyline (monoamine oxidase inhibitor), in the case of non-
emergency surgery, these drugs should be ceased and switched to
other anti-hypertensive drugs 7days prior to surgery, so as to
avoid catecholamine depletion in the peripheral sympathetic
nerve endings, which makes it difficult to improve and maintain
blood pressure when hypotension occurs during surgery.
4.2. Strictly adhere to surgical indications

In elderly patients with biliary diseases, it is necessary to adhere
strictly to the surgical indications based on their characteristics of
coexisting diseases, rapid progression, poor tolerance, higher risk
and more postoperative complications.
For elderly patients with common and multiple cholecystoli-

thiasis, surgery can be determined based on the size of stones,
gallbladder function, history of biliary colic, and whether the
disease is complicated by cholangitis or pancreatitis. Surgery
should be performed as soon as possible to avoid increased
surgical risk due to increased age, disease progression and other
coexisting diseases.[10,11]

For elderly patients with acute calculous cholecystitis, based on
our own clinical experience[12,13] and domestic and foreign
literature, we propose one of the following 6 parameters as
operative indications:
1.
 body temperature ≥38.5°C;

2.
 peripheral blood leukocyte count ≥1.5�1010/L;
6

3.
 neutrophil ratio ≥85%;

4.
 hs-CRP ≥100mg/L;

5.
 B-ultrasonography shows the double layer structure of the

gallbladder wall; and

6.
 CT or MRI shows pericholecystic or perihepatic fluid.

For elderly patients with choledocholithiasis, surgery can be
determined based on the size and number of stones, and diameter
of the CBD.[14]

For elderly patients with biliary tract tumors, based on the site
of obstruction, the degree of invasion and presence of distant
metastasis, surgery should be performed as soon as possible.
In the present study, preoperative severe inflammatory

reaction, poor nutritional status, liver and kidney function,
cardiac function and coagulation function were compared
between the HA and MLA groups. There were no significant
differences in the therapeutic effects between the 2 groups,
indicating that strict adherence to the surgical indications can
reduce the surgical risk.
4.3. Reasonably select surgical procedures

It is important for biliary diseases in elderly patients to choose
appropriate surgical procedures,[15] not only to avoid the long
course of disease after conservative surgery, or even the
possibility of secondary operation, but also to avoid radical
surgery and increase the risk of operation.
Take acute gangrenous cholecystitis for an example, conser-

vative surgery such as percutaneous cholecystostomy is theoreti-
cally suitable for patients in poor general condition, with serious
illness, unstable blood pressure during surgery, and other special
circumstances.[16,17] However, percutaneous cholecystostomy
should be avoided due to the above-mentioned disadvantages of
conservative surgery.[18–20] In our present study, none of the
patients underwent percutaneous cholecystostomy. Aggressive
surgery such as LC should also be selected with caution in
patients with poor preoperative heart and pulmonary function,
especially in the presence of emphysema. If LC must be
performed, intraoperative pneumoperitoneum pressure should
be controlled to below 10mm Hg to reduce the impact of
pneumoperitoneum on heart and pulmonary function. As for the
upper age limit for patients undergoing LC, there is no clear
opinion at present. The oldest patients were a 96-year-old
reported by Lee et al[21] and a 102-year-old reported in China.[22]

The maximum age of LC patient in our present study was 96
years.
For elderly patients with malignant tumors in the proximal end

of the CBD, based on location, size, degree of invasion and
presence of distant metastasis, radical pancreaticoduodenectomy
is preferred. Otherwise, if the patients are not suitable or cannot
tolerate radical surgery, palliative modified loop cholecystojeju-
nostomy and gastrojejunostomy with Braun’s anastomosis can
also be used, so as to alleviate jaundice, improve diet, prolong life
and improve quality of life.[23]
4.4. Precisely perform the operation

Success of LC in elderly patients with biliary diseases depends not
only on the severity of local lesions, but also on the laparoscopic
skill of the surgeon.[24,25] In our study, the success rate of LC in
elderly patients with acute calculous cholecystitis was 100%. The
key to success lies in precise operation during LC; use of a suction
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device to skillfully separate inflammatory edema and adhesions in
the neck of the gallbladder; use of silk thread to ligate or suture
the enlarged, thickened and merged sheet-like cystic duct; and if
necessary, use of Hem-O-lock or absorbable clamp to reinforce
the ligature.
The strategy for modern precision biliary surgery is to

maximize resection of the target lesions, protection of the
remaining liver, and reduction of surgical trauma.[26] The
technical features of precision biliary surgery are fully visible,
quantifiable and controllable. Visualization makes the internal
physiological structure of the intrahepatic bile duct visible and
thus improves the success rate of the operation. Quantifiable
techniques can be used to quantify the boundary of the lesion, so
as to precisely excise the lesions. Controllable techniques can
remove the lesion completely, while protecting the normal tissue,
without damage.[27]
4.5. Closely monitor and control intraoperative
emergencies

In elderly patients with biliary diseases, intraoperative monitor-
ing of ECG, blood pressure, arterial pressure and central venous
pressure should be strengthened. Meanwhile, any changes in
urine volume and body temperature should be noted. When
necessary, arterial blood gas analysis should be done, and any
abnormalities treated timeously, so that patients tolerate surgery
safely and recover from the operation successfully.
ECG should be monitored during the operation, along with

heart rate and rhythm. If myocardial ischemia occurs, nitroglyc-
erin can be given by nasal or intravenous drip. If heart failure
occurs, the inducing factor should be actively removed, and
cardiotonic agents and diuretics can be given intravenously. For
patients with arrhythmia, if it is sinus bradycardia or
atrioventricular junctional arrhythmia, the depth of anesthesia
should be reduced and atropine should be injected intravenously;
if rapid atrial fibrillation and even atrial flutter occur, cedilanid
can be injected intravenously; if ventricular arrhythmia occurs,
lidocaine and amiodarone can be given intravenously. In case of
cardiac arrest, cardiopulmonary resuscitation and vasoactive
drugs should be given immediately.
Blood pressure should be monitored during the operation, so

as to maintain blood pressure stability and prevent fluctuation.
During the operation, the permissible blood pressure fluctuation
is 20% of basal blood pressure, and the maximum should not
exceed 30%. If hypotension occurs during the operation, we
should establish the causes, judge whether there is insufficient
blood volume, too deep anesthesia or insufficient myocardial
blood output, perform appropriate treatment, and administer
small doses of ephedrine or dopamine and other drugs. If blood
pressure is too high during the operation, the depth of anesthesia
should be paid more attention, and nitroglycerin or sodium
nitroprusside should be given intravenously. Continuous non-
invasive arterial pressure (CNAP) can provide real-time and
continuous waveforms and data, so as to guide the use of
vasoactive drugs. In addition to its non-invasiveness and fewer
complications, CNAP has received more clinical attention in
recent years.[28,29] However, its accuracy and precision are still
controversial.
Intraoperative monitoring of central venous pressure (CVP),

arterial blood gas, and urine volume is helpful to assess
myocardial perfusion and cardiac load, and maintain intraop-
erative hemodynamic stability. If patients with heart failure,
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severe valvular disease, shock, and other conditions with a
significant impact on hemodynamics and difficult to correct
before surgery, intraoperative use of pulmonary artery catheteri-
zation is recommended.
Intraoperative temperature monitoring prevents hypothermia

that easily occurs in elderly patients due to serious decline of their
temperature regulation. The temperature during operation
should be maintained at no less than 36°C through use of a
pressure warm blanket, liquid warmer and other equipment.[30]
4.6. Timely prevention and treatment of postoperative
complications

Elderly patients with biliary diseases are prone to various
postoperative complications because of their poor body resis-
tance, decreased immunity and more preoperative coexisting
diseases.
The clinical data in the present study show that hypoprotei-

nemia had the highest incidence, followed by anemia and
electrolyte disturbance. The number of patients with postopera-
tive respiratory failure, pulmonary infection, anemia and
electrolyte disorder was significantly increased in the HA
compared with MLA group, indicating active prevention and
treatment should be given.
For postoperative electrolyte disturbance caused by many

factors, such as surgical stress reaction, fasting, gastrointestinal
decompression, or bile duct drainage, it is necessary to
supplement various electrolytes to maintain water, electrolyte
and acid–base balance. For postoperative hypokalemia, it is
appropriate to detect and actively deal with it timeously, and if
necessary, administer micro-pump intravenous infusion.
It is advisable to remove as soon as possible after the operation

the nasogastric decompression tube that is often placed in
patients undergoing major biliary surgery, in order to avoid
excessive stimulation of the pharynx that can cause cough and
expectoration.[31] Postoperative analgesia can help patients expel
respiratory secretions as soon as possible and reduce pulmonary
complications.[32] However, for elderly patients, the dosage of
analgesics should be properly controlled to avoid excessive
sedation or respiratory depression.
4.7. Strengthening maintenance of cardiopulmonary
function during theperioperative period

In elderly patients with biliary diseases, besides strengthening the
preoperative and intraoperative monitoring of cardiopulmonary
function, the postoperative maintenance of cardiopulmonary
function should also be paid more attention. After the operation,
ECG monitoring, measurement of CVP and observation of urine
volume should be undertaken. If necessary, the volume of urine
per hour should be recorded, so as to guide the volume and speed
of infusion after the operation, and to prevent heart failure and
pulmonary edema caused by excessive and rapid infusion. At the
same time, patients should be encouraged to breathe deeply and
cough phlegm, change their position regularly, keep the
respiratory tract unobstructed, prevent respiratory tract infec-
tion, and reduce the incidence of atelectasis and pneumonia.
For patients with CHD, the postoperative serum levels of BNP,

cTnI, CKMB, and myoglobin should be examined dynamically,
so as to judge whether heart failure and myocardial injury have
occurred and their severity.[33–35] Significant increases in serum
levels of cTnI, CKMB, and myoglobin are suggestive of AMI,
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which should be actively treated by thrombolysis, anticoagula-
tion, lipid-lowering drugs, symptomatic treatment, and even
percutaneous coronary intervention.
In order to prevent and control postoperative pulmonary

infection, the physical therapy and expectorant drugs should be
used to assist expectoration after the operation, such as routine
aerosol and oxygen inhalation, early bed or under-bed activities,
oral care, sputum bacteria culture and fungal detection.
Meanwhile, we should strictly guard against the occurrence of
pulmonary infection caused by vomiting and aspiration, which
can be caused by a decrease in lower esophageal sphincter tension
after surgery. In case of shortness of breath and difficulty in
expelling sputum, a ventilator should be used to inhale airway
secretions and maintain adequate ventilation as early as possible,
and not wait until the emergence of respiratory failure before
considering the use of a ventilator.[36]
5. Conclusion

The key factors in improving therapeutic efficacy of surgery in
extremely elderly patients with biliary diseases are: active
management of preoperative coexisting diseases; strict adherence
to the operative indications; selection of appropriate surgical
procedures; precisely perform the operation; closely monitor and
control intraoperative emergencies; prevention and treatment of
postoperative complications; and focusing on maintenance of
cardiopulmonary function during the perioperative period.
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