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Abstract

Background Further studies evaluating the safety of

advanced endoscopic procedures in elderly patients are

needed.

Aim To evaluate the safety of endoscopic retrograde

cholangiopancreatography (ERCP) and endoscopic ultra-

sound (EUS) in the elderly.

Methods The study population, consisting of 1,000

patients who underwent ERCP or EUS, was divided into

two cohorts. The elderly cohort consisted of patients

C75 years old. The nonelderly cohort consisted of patients

\75 years old. The data collected included demographic

information, type of procedure completed, procedure

medication used, and endoscopic intervention performed.

Complications included any event which occurred during

the procedure or up to 1 month post procedure.

Results A total of 600 ERCPs and 400 EUS were included.

The mean age of the elderly cohort was 80 years (range

75–95 years, n = 184) versus 54 years (range 13–74 years,

n = 816) for the nonelderly cohort. The ERCP complication

rate was 10.0% in the elderly versus 10.6% (P = 1.0) for the

nonelderly. The EUS complication rate was 4.8% in the

elderly versus 3.1% in the nonelderly (P = 0.49). The

overall complication rates were identical at 7.6% (P = 1.0).

Sedation doses were lower for the elderly cohort (P \
0.001). There was a higher rate of procedure bleeding in the

elderly cohort (P = 0.016).

Conclusion Advanced age is not a contraindication for

advanced endoscopic procedures. There is no significant

increase in the rate of overall procedure-related compli-

cations seen with either ERCP or EUS in elderly patients;

however, elderly patients have a higher risk of bleeding.

Less procedure-related sedation medication is required for

elderly patients.

Keywords Endoscopic retrograde

cholangiopancreatography � Endoscopic ultrasound �
Elderly � Complication rates

Introduction

As the median age of the population continues to rise, and

the diagnostic and therapeutic roles of endoscopic retro-

grade cholangiopancreatography (ERCP) and endoscopic

ultrasound (EUS) continue to expand, increasing numbers
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of elderly patients are referred for these advanced endo-

scopic procedures. While the safety of ERCP in elderly,

and even extremely elderly, populations has been studied

and found to be similar to that in nonelderly patients, these

studies have generally been performed with smaller cohorts

[1–8]. Given the overall low complication rates of ERCP, a

larger sample size may be necessary to elucidate subtle

differences between elderly and nonelderly populations.

Furthermore, the safety of EUS in the elderly has in general

not been well explored.

Better understanding of the comparative risks of these

procedures in an elderly population should allow for

improved care of these patients with better triage as well as

improved postprocedure monitoring and management. The

aim of this study is to evaluate the overall complication

rates as well as examine specific complication rates for

both ERCP and EUS in a larger cohort of elderly patients

as compared with a nonelderly cohort undergoing these

procedures during the same timeframe.

Methods

We retrospectively reviewed 1,000 consecutive advanced

endoscopic procedures completed between 15 January, 2003

and 22 March, 2005 in the ambulatory procedure center at

the University of Wisconsin, Madison. There were 600

ERCP ± sphincterotomy and 400 EUS ± fine-needle aspi-

ration (FNA) examinations studied. Rectal ultrasounds were

excluded due to their relative decreased risk and invasive-

ness compared with EUS through the upper gastrointestinal

tract. Prior to the procedure, in all cases, written informed

consent was obtained from the patient or the patient’s next of

kin, guardian or designated power of attorney if they were a

minor or unable to give consent. The institutional review

board at the University of Wisconsin School of Medicine and

Public Health approved this study. All advanced endoscopic

procedures were completed by, or under the supervision of,

four academic, board-certified, experienced therapeutic

endoscopists. An advanced endoscopy gastroenterology

fellow was involved in a majority of the cases. The proce-

dures were scheduled within 1–2 h time slots starting at

7:30 am and finishing at 4:30 pm, Monday through Friday.

The ERCPs were completed using a Pentax ED-3470 or

3270 duodenoscope (Pentax of America, Montvale, NJ).

EUS procedures were completed using an Olympus

GFUE160 radioechoendoscope or GFUC140 curvilinear

echoenodscope (Olympus of America, Inc., Melville, NY).

Most procedures were performed under moderate conscious

sedation using intravenous fentanyl and midazolam, with

promethazine or droperidol used as needed as adjunct

sedation. Droperidol use was regulated under an approved

section protocol in which a baseline electrocardiogram

(EKG) was obtained for all patients, with use only in patients

without significant cardiac disease, cardiac dysrhythmia or

QTc prolongation. Phenergan was administered as adjunct

sedation in patients with prolonged QTc. Phenergan was

given in 12.5–25 mg doses diluted in 10 cc normal saline

and given over 1 min with confirmation of IV patency prior

to administration. As per our endoscopy unit’s quality

assurance and quality improvement program policies, all of

the patients were contacted, by telephone, within 24–48 h of

the procedure, as well as 30 days post procedure, to assess

for any procedure-related complications. Using this system,

very few patients were lost to follow-up within each cohort

The study population consisted of 1,000 patients (mean

age 59 years, range 13–95 years; 56% male). The study

population was divided into two cohorts. The elderly

cohort consisted of patients C75 years old and included

184 patients. The nonelderly cohort consisted of patients

\75 years old and had 816 patients.

The data reviewed was collected from procedure reports

as well as patients’ electronic medical records. The data

collected included patient demographic information, type

of advanced procedure completed (ERCP or EUS), proce-

dure sedation medication used, and all endoscopic inter-

ventions performed. Monitoring of patients during the

procedures was per institutional protocol for moderate

conscious sedation and included continuous pulse oximetry

and telemetry monitoring with blood pressure assessment

every 5 min. Complications were defined as any hemody-

namic or respiratory compromise during or after the

procedure, oversedation requiring reversal medications,

pancreatitis, any moderate or severe bleeding, perforation,

infection or any signs of infection, abdominal pain, and any

event leading to postprocedure hospital admission or death.

The timeframe for complications began with the procedure

and extended up to 1 month later. The overall, in addition

to individual, complications of the advanced endoscopic

procedures were compared between the two cohorts.

Statistical Analysis

The primary comparisons were between the elderly and

nonelderly cohorts. The primary outcomes analyzed were

complications during, as well as within 30 days of, the

procedure. The data were compared using either Fisher’s

test or Student’s t-test. Statistical significance was con-

sidered if the two-sided P value was less than 0.05.

Results

A total of 1,000 ERCP and EUS procedures were included

and reviewed from 15 January, 2003 to 22 March, 2005.
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The overall mean age of the patients was 59 years [range

13–95 years, standard deviation (SD) 12.9 years; 56%

male]. The mean age of the elderly cohort was 80 years

(range 75–95 years, SD 4.7 years; 64% male, 184

patients). The mean age of the nonelderly population was

54 years (range 13–74 years, SD 13.0 years; 54% male,

816 patients). Table 1 summarizes the complications

observed within the compared cohorts.

ERCP Complications

There were 600 ERCP ± sphincterotomy reviewed. The

study population was 56% male. The most common indi-

cation for ERCP was choledocholithiasis (22%) followed

by abnormal liver function tests (13%). Other procedure

indications included biliary stent change or removal (10%),

gallstone pancreatitis (9%), cholangitis (4%), suspected

pancreatic neoplasm (4%), and postoperative bile leaks

(3%). The remainder of the procedures were completed for

less common indications such as primary sclerosing cho-

langitis with dominant biliary stricture and pancreatic

strictures or stones. The overall cannulation rate was 96%.

The cannulation rate for the elderly cohort was 97.1%. The

cannulation rate for the nonelderly cohort was 95.7%

(P = 0.78). The overall ERCP complication rate was

10.4%. Within the elderly cohort, the ERCP complication

rate was 10.0% and the nonelderly cohort ERCP

complication rate was 10.6% (P = 1.0). Sphincterotomy

was performed in 34% (n = 201) of the 600 cases.

Sphincterotomies were performed in 33% of the procedures

for the nonelderly patients and in 37% of the elderly patient

procedures (P = 0.68). There was no statistically signifi-

cant increase in complications in patients in whom

sphincterotomy was performed compared with patients in

whom sphincterotomy was not performed (P = 0.13).

Plastic or metal stents were used in 30.1% (n = 181) of the

cases. Endoscopic biliary or pancreatic dilatation was

performed in 9.2% (n = 55) of the procedures. Biliary

brushings were obtained in 7.4% (n = 44) of the proce-

dures. Biliary sphincter manometry was performed in 2.0%

(n = 12). Overall, there was a significantly higher com-

plication rate among female (14%) compared with male

patients (7%; P = 0.006). There was no significantly

higher complication rate for patients with sphincter of Oddi

dysfunction as a procedure indication (P = 0.11).

EUS Complications

There were 400 EUS procedures reviewed. The study

population was 55% male. The most common indications

for EUS were suspected pancreatic pathology (27%) and

suspected esophageal pathology (27%). Furthermore, 20%

of procedures were for suspected gastric pathology, 6% for

suspected biliary pathology, and 5% for suspected ampul-

lary pathology. The remaining EUS procedures were per-

formed for less common indications such as subcarinal

abnormalities or duodenal lesions. The overall complica-

tion rate was 3.4%. The elderly cohort EUS complication

rate was 4.8% and the nonelderly cohort EUS complication

rate was 3.1% (P = 0.49). FNA was performed in 21% of

EUS procedures overall. Within the nonelderly cohort,

FNA was performed in 18% of the procedures and, within

the elderly cohort, FNA was completed in 25% of the

procedures (P = 0.22). All EUS complications were

associated with FNA. There was a trend toward increased

complications among female patients, however, this was

not statistically significant (P = 0.06).

Overall Complications

The overall advanced procedure complication rate for the

elderly cohort was 7.6%, and the overall complication rate

for the nonelderly cohort was 7.6% (P = 1.0). For the

entire population, the overall ERCP complication rate was

10.4%. The overall EUS complication rate was 3.4%.

There was one death in the elderly cohort, in a patient who

underwent ERCP, and no reported deaths in the nonelderly

cohort (P = 0.18). The patient who died was an 87-year-

old woman who had an ERCP completed for treatment of a

bile leak post laparoscopic cholecystectomy. The common

Table 1 Comparison of overall and specific complication rates, as

well as sedation medication doses, between the elderly and nonelderly

cohorts

Elderly

(C75 years)

Nonelderly

(\75 years)

P value

Number of patients 184 816

Mean age (range), years 79.8 (75–95) 58.6 (13–74)

ERCP complication rate 10% 10.6% 1.0

EUS complication rate 4.8% 3.1% 0.49

Overall complication rate 7.6% 7.6% 1.0

Specific complications

Cardiopulmonary 1.6% 1.1% 0.47

Pancreatitis 0% 1.0% 0.36

Bleeding 3.3% 0.8% 0.02

Perforation 0.5% 0.2% 0.09

Abdominal pain 0% 1.5% 0.14

Infection 0% 1.3% 0.23

Admission/observation 2.7% 1.0% 0.07

Death 0.005% 0% 0.18

Mean procedure medication

Droperidol 1.4 mg 3.8 mg \0.001

Fentanyl 172.6 mcg 212.0 mcg \0.001

Midazolam 5.9 mg 7.8 mg \0.001
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bile duct could not be cannulated during the ERCP;

therefore, the patient had a percutaneous cholecystostomy

tube (PCT) placed. Twelve hours following PCT place-

ment, the patient suffered cardiopulmonary arrest.

Specific Complications

There was a significantly higher rate of procedure-related

bleeding within the elderly cohort (3.3%) compared with the

nonelderly cohort (0.8%; P = 0.016). Most of the postpro-

cedure bleeding episodes were minor and did not require

blood transfusions. There was no significant increase in

other specific complications, such as cardiopulmonary

compromise, pancreatitis, perforation, abdominal pain,

infection, postprocedure admission, or death for the elderly

cohort. There was no significant increase in the complication

rate among elderly patients undergoing ERCP with sphinc-

terotomy compared with nonelderly patients undergoing

ERCP with sphincterotomy (P = 0.84). Furthermore, there

was no significant increase in the complication rate among

elderly patients undergoing EUS with FNA compared with

nonelderly patients undergoing EUS with FNA (P = 1.0).

Figure 1 summarizes the specific complications for the

elderly and nonelderly cohorts.

Medication Use

The medication doses required for safe procedural sedation

with droperidol, fentanyl, promethazine/phenergan, and

midazolam were significantly higher for the nonelderly

cohort compared with the elderly cohort (P \ 0.001).

Table 1 summarizes the procedural sedation medication

use within the cohorts.

Discussion

As the median age of the population continues to increase,

the number of endoscopic retrograde cholangiopancreato-

graphies and endoscopic ultrasounds performed in elderly

patients is also likely to increase. Advanced endoscopic

procedures, specifically ERCP, is technically demanding

and associated with higher rates of complications com-

pared with other endoscopic procedures such as colonos-

copy and esophagogastroduodenoscopy [9–11]. This study

represents one of the largest evaluating the safety of

advanced endoscopic procedures in elderly patients. While

previous studies have found ERCP to be safe in the elderly,

these studies have generally been performed with smaller

cohorts [1–8]. Furthermore, to date, there is truly limited

data focused on the safety of EUS in the geriatric

population.

In previous studies, the rate of ERCP complications

varies significantly due to the disparate definition of

‘‘complication’’ used by the investigators [1–14].

Although ERCP complication rates of up to 15.9% have

been reported, our overall ERCP complication rates were

significantly higher, on average, than expected compared

with previous studies looking at advanced endoscopic

procedures [1–10, 12]. This is largely due to the type of

event included as a complication in our study. Using the

ERCP complication classification system previously pub-

lished by Cotton et al. [14] only 3% of our ERCP com-

plications were moderate to severe for the elderly cohort

and 1.4% for the nonelderly cohort (P = 0.38). The

remainder of the ERCP complications were mild according

to the Cotton classification. In addition to severe compli-

cations such as perforation, significant bleeding, pancrea-

titis, and death, we also included all postprocedure

admissions, any intraprocedure mild bleeding, any intra-

procedure respiratory or hemodynamic compromise, any

postprocedure abdominal pain, and any intra- or postpro-

cedure signs of infection. We purposefully included mild to

moderate procedural-related events to evaluate the fre-

quency of these events in the geriatric compared with the

general population. Even with a broad definition of pro-

cedure-related complications, we did not find a significant

overall increase in complications among elderly patients.

Furthermore, there was no significant increase in the

complication rate among elderly patients undergoing

ERCP with sphincterotomy compared with among nonel-

derly patients undergoing ERCP with sphincterotomy.

Thus, we found ERCP to be safe in elderly patients, and

age should not be a contraindication to this increasingly

common endoscopic procedure.

Overall, there was a significantly higher rate of ERCP

complications for female patients (14%) compared with

male patients (7%; P = 0.006). This is consistent with
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Fig. 1 Specific EUS/ERCP procedure complication rates for elderly
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known risk factors for ERCP complications [15, 16].

Contrary to prior studies, we did not find a significant

increase in ERCP complications among patients with

sphincter of Oddi dysfunction [15, 16]. This is likely due to

the small number of cases evaluated with suspected

sphincter of Oddi dysfunction for the procedure indication

(n = 12).

Similar to the ERCP cohort, our overall EUS compli-

cation rate was higher than reported in previous studies

[17–20]. This is again likely due to our broad definition of

what is considered a procedure-related complication. To

date, there is truly limited data on the safety and compli-

cation rates of EUS in the geriatric population. Our study

represents one of the first and largest evaluating the safety

of EUS ± FNA in older patients. Our overall EUS com-

plication rate for the elderly patients was 4.8%, which was

not significantly higher than the rate for the nonelderly

cohort (3.1%; P = 0.49). There was no statistically sig-

nificant increase in the complication rate for elderly

patients undergoing EUS with FNA compared with

nonelderly patients undergoing EUS with FNA (P = 1.0).

Thus, EUS ± FNA is a safe procedure in geriatric patients,

and age should not serve as a contraindication to the

procedure.

Although there was no significant overall complication

rate among elderly patients, there was a significantly higher

rate of intra- and postprocedure bleeding within the elderly

cohort (3.3%) compared with in the nonelderly cohort

(0.8%; P = 0.016). Most of the procedure-related bleeding

episodes were minor and controlled endoscopically, and

did not require blood transfusion or hospital admission.

Elderly patients are possibly at increased risk of bleeding

due to certain comorbidities, as well as the frequent use of

anticoagulant medication [21–24]. Despite trying to limit

this risk by discontinuing anticoagulant and antiplatelet

medication preprocedure, we found the bleeding risk to be

higher in older patients. Endoscopists should be cognizant

of this risk when performing advanced endoscopic proce-

dures in older patients and should consider overnight

observation post procedure should any bleeding be sus-

pected. Contrary to the bleeding risk, there was no signif-

icant increase in other specific complications, such as

cardiopulmonary compromise, pancreatitis, perforation,

abdominal pain, infection, postprocedure admission, or

death for the older cohort. Lastly, there was no increased

risk of performing sphincterotomy or FNA for elderly

patients compared with nonelderly patients.

Various sedating agents have been shown to be safe and

effective for endoscopic procedures [24]. In our study, the

doses of all medications required for safe sedation in

elderly patients were significantly lower than in nonelderly

patients undergoing the advanced endoscopic procedures.

As a process of normal aging and decline in organ function,

there are significant alterations in the pharmacologic

response of elderly patients and, as a result, these patients

can be more sensitive to sedating agents [25]. There were

no episodes of torsades or other significant cardiac dys-

rhythmia nor any episodes of extravasation injury associ-

ated with intravenous phenergan. Procedure anesthesia

should be individualized, but endoscopists should be aware

of the decreased sedation needed for safe geriatric patient

sedation. Starting at lower doses and titrating slowly has

been advised for geriatric patients [25]. Furthermore, given

the unique sedation requirements of elderly patients, en-

doscopists should consider performing these procedures in

conjunction with anesthesiologists in order to safely sedate

and adequately monitor these patients.

The World Health Organization’s definition of geriatric

patients for developed countries includes those C65 years

old; however, this number is considered somewhat arbi-

trary. The average US life expectancy is 78 years and there

is an increasing proportion of the US population aged

C80 years. Although endoscopic societies have described

advanced age as[80 years, this is a chronological age and

again is somewhat arbitrary as it is based on opinion [26].

Currently, more endoscopic procedures are being per-

formed on patients who are elderly. Although physiologic

age is quite varied, we proposed to examine a cutoff of

75 years of age to try to better evaluate the risks of

advanced endoscopic procedures within the truly older

patient.

Limitations of this study include its retrospective design

and increased risk of biases and confounders inherent to

this design. There is also a potential loss to follow-up, as

some of the patients were referred from outlying areas,

which could lead to failure to identify complications if

patients sought care outside of the University of Wisconsin

system. However, the numbers of patients lost to follow-up

would presumably be proportional within the two cohorts,

and this would therefore be unlikely to alter the results of

the study significantly. One other possible limitation of this

study is the broad definition of complication used in the

data collection. Some of the events included as complica-

tions in the analysis (i.e., prophylactic overnight postpro-

cedure hospitalization in elderly patients) would not be

included in analyses with a stricter definition of compli-

cation [27]. While this allows for greater sensitivity to

subtle differences between complication rates in the two

cohorts as discussed above, it may limit comparisons with

other published studies using a narrower definition.

Another potential criticism of our manuscript would be

the low percentage of ERCP procedures with sphincterot-

omy and EUS procedures with FNA. The University of

Wisconsin is a tertiary care center and the only facility

offering EUS within the Madison area. The teaching hos-

pital has an active liver transplant program. Many of the
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ERCPs are performed on liver transplant patients, many of

whom have had previous sphincterotomies. Furthermore, a

large proportion of the endoscopic ultrasounds are per-

formed for esophageal cancer staging and for pancreatic

pathology other than mass lesions. In such cases, fine-

needle aspiration may not be warranted. Moreover, within

the state, there are other centers that perform EUS, and the

University of Wisconsin gets selective referrals to repeat

and reevaluate for pathology. Lastly, our center potentially

may not have had as many EUS procedures with FNA

during the early stages of program establishment in 2002,

and this may be reflected in the data collection during the

dates mentioned (2003–2005). We report the percentage

values during the time period assessed; however, on an

annual basis our EUS volume has grown to include over

500 procedures per year with FNA performed in approxi-

mately 40% for 2009.

As the median age of the population continues to

increase, the number of endoscopic retrograde cholangio-

pancreatographies and endoscopic ultrasounds performed

in elderly patients will continue to grow. Despite the

known relative increased procedural risks, advanced age is

not a contraindication to advanced endoscopic procedures.

Our study is one of the largest demonstrating no significant

increase in the rate of overall procedure-related compli-

cations seen with either ERCP or EUS in elderly patients.

Endoscopists should be aware of the increased bleeding

risk in geriatric patients, as well as the decreased proce-

dure-related sedation medication required for elderly

patients.
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