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Abstract

Introduction: This study sought to characterize delays and estimate 
resulting costs during nephrolithiasis surgery.
Methods: Independent observers documented delays during ure-
teroscopy (URS) and percutaneous nephrolithotomy (PCNL) proce-
dures. Fifty index cases over a period of three months was consid-
ered sufficient to observe the generalizable trends. Operating room 
staff, excluding the surgeons, were blinded. Time-related metrics 
and delays preventing case progression were recorded using a 
smartphone-accessible data-collection instrument. Delays were 
categorized as: 1) missing equipment; 2) missing personnel; 3) 
equipment malfunction; or 4) delay due to case complexity. The 
first two categories were regarded as preventable and the latter 
two non-preventable. 
Results: Forty URS and 18 PCNL cases were included. There was a 
total of 56 delays in 35 (65%) cases. Twelve (67%) PCNLs and 23 
(58%) URSs had delays (p=0.57). The mean cumulative delay per 
case was 3.5±3.2 minutes. Pre-start delays (n=17) were 4.5±3.5 
minutes on average while intraoperative delays (n=39) were 
3.1±2.9 minutes (p=0.167). Delays were evenly spread among 
the four categories. Thirty-one (55%) delays were preventable 
(mean 3.7±3.2 minutes) while 25 (45%) were non-preventable 
(mean 3.2±3.2 minutes) (p=0.58). This translates to $137 per case 
in preventable costs.
Conclusions: Preventable operative delays are encountered fre-
quently in nephrolithiasis surgery, translating to significant addi-
tional charges and costs. We demonstrate a rationale for the devel-
opment of improved communication and workflow protocols to 
increase efficiency in endourological surgeries. Key limitations are 
the observational nature of the study and sample size. 

Introduction

Healthcare spending in the U.S. reached $3.2 trillion in 
2015.1 This has led to a heavy focus on improving the value of 
care and eliminating wastage. Operating room (OR) expens-

es can be a significant driver of medical costs. The Centers 
for Disease Control estimates that hospital discharges with 
a principal procedure in the OR were responsible for $160 
billion worth of national costs in 2014, while Birkmeyer et 
al estimated that up to 40% of healthcare expenditure may 
revolve around surgical treatment.1,2 Baseline charges are 
$64–115 per minute of OR time at our tertiary care center. 
This estimate does not include charges for anesthesia, drugs, 
supplies, physician services, or anesthesia administration. 
Several studies have evaluated the cost of scopes, re-steril-
ization, and disposable materials, but the direct impact of 
OR costs has not been previously assessed in this specialty.3-8 
Childers et al recently found the mean cost of operating 
time for acute care hospitals in California in 2014, defined 
as a combination of direct cost, wages and supplies, to be 
approximately $37/minute.9 We sought to characterize and 
quantify OR delays during procedures for treatment of neph-
rolithiasis at our high-volume stone center, with the aim 
to guide future efforts to increase efficiency and minimize 
such delays.  

Methods

All patients undergoing surgery for urolithiasis at a tertiary 
care stone referral center are prospectively enrolled into 
an institutional review board (IRB)-approved stone regis-
try. Specific review board approval for this study was not 
required, as this data collection was classified as a quality 
assessment and improvement activity per institutional guide-
lines. Patients who underwent ureteroscopy (URS) and per-
cutaneous nephrolithotomy (PCNL) procedures performed at 
two high-volume, tertiary care sites at the Cleveland Clinic 
were identified. Patient demographics were recorded. An 
online, smartphone-accessible data-collection instrument 
was created through the Research Electronic Data Capture 
(REDCap) system, which allowed for discrete time-record-
ing.10 Parameters were recorded in real time during the pro-
cedures. Two of the study investigators collected all of the 
data over a three-month period. Given the nature of the 
study, it was determined that 50 index cases over a three-
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month period was appropriate for showing generalizable 
trends in our surgeons’ practices. All operating room staff 
were blinded to the study and purpose of observing person-
nel’s presence, excluding the two endourologists performing 
the procedures. Delays were defined as events that prevent-
ed case progression, specific potential scenarios and delay 
criteria were established prior to data collection. Delays 
were considered “pre-start” if they occurred after the patient 
entered the room and before scope insertion, which was 
considered to be the start of the procedure. “Intraoperative 
delays” occurred between the start and end of the procedure.

There were no significant operational differences between 
the two endourologists. The equipment for the procedures 
was primarily stored in the OR core area and was brought 
into the room during case setup. Both surgeons provided 
the nursing team with lists of equipment to be opened prior 
to the case or available in the room and distance to stored 
equipment outside of the room was similar between the 
two sites. The OR team was comprised of a circulating geni-
tourinary subspecialized nurse, one scrub nurse, a nurse 
anesthetist, anesthesiologist, the surgeon, and an endourol-
ogy fellow. All patients were anesthetized using isoflurane 
and intubated with laryngeal mask airway or endotracheal 
tube at the anesthesiologist’s discretion. No patients received 
spinal anesthesia. 

During the data collection phase, delays were categorized 
as shown in Table 1, column 1. These categories were retro-
spectively refined into 4 groups: 1) missing or contaminated 
equipment; 2) missing personnel; 3) equipment malfunction; 
or 4) interruptions due to case complexity or unexpected 
challenges (Table 1, column 2). The first two categories were 
regarded as preventable and the latter two were regarded 
as non-preventable. Our institution requires the attending 
anesthesiologist to be present for pre-procedure timeout and 
induction. Thus, delays due to anesthesiologist not being 
present were counted in category 2. 

Estimates of charges were collected for current procedural 
terminology (CPT) codes for URS and PCNL: 52352, 52353, 
52356, 50080, and 50081, and based on level II–IV bill-
ing across both sites. At our institution, OR charges varied 
based on case complexity and site. URS was charged at 
$64 at the tertiary-level satellite hospital and $77/minute at 
the main campus. Similarly, PCNL was charged at $92 and 
$115/minute, at each site, respectively. Given that charges 
can be variable between institutions, we used the OR cost 
estimate of $37/min as published by Childers et al in an 
effort to make our findings more generalizable.9 

Statistical analysis was performed with two-tailed inde-
pendent t-tests for continuous means and chi-squared for 
categorical data. For all tests, p-value <0.05 was considered 
statistically significant. Unless otherwise stated, results are 
reported as mean ± standard deviation (SD). Statistical analy-

sis was performed using R Statistical Software (R Foundation 
for Statistical Computing, Vienna, Austria).

Results

Recording was started for 44 URS and 18 PCNL cases. 
Three URS cases were excluded due to the data collec-
tor not being present for a significant portion of the case. 
Recording for one URS was aborted due to complication 
after 10 minutes, while another was excluded because 
URS was attempted unsuccessfully and, thus, only a stent 
placement was performed. Forty URS and 18 PCNL were 
included in the analysis. The mean age of included patients 
was 60±15 years. Mean operating time was 42.5±23.9 min-
utes for URS and 63.7±31.2 minutes for PCNL. There were 
56 delays in 35 (65%) cases. Twelve (67%) PCNLs and 23 
(58%) URSs had delays (p=0.57). The overall mean length 
of delay was 3.5±3.2 minutes. Mean length of delay for 
URS was 3.4±3.1 minutes or 8% of operating time. Mean 
length of delay for PCNL was 3.7±2.2 minutes or 5.7% of 
operating time. Cumulative delay times per case ranged from 
1:01–16:02 for URS and 00:47–7:43 for PCNL.

Thirty-one (55%) delays were preventable (mean 3.7±3.2 
minutes), while 25 (45%) were non-preventable (mean 
3.2±3.2 minutes) (p=0.55). The number of delays were 
evenly spread between the four categories: 16 (29%), 15 
(27%), 12 (21%), and 13 (23%) delays, respectively. 

Seventeen delays (30%) were pre-start while 39 (70%) 
were intraoperative. Pre-start delays were 4.5±3.5 minutes 
on average, while intraoperative delays were 3.1±2.9 min-
utes (p=0.167). Of preventable delays, 14 (45%) occurred 
pre-start and 17 (55%) occurred intraoperatively. Of non-
preventable delays, 3 (12%) occurred pre-start and 22 
(88%) occurred intraoperatively. Preventable delays were 
more likely to occur pre-start than intraoperatively (p=0.009) 
(Table 2). 

Based on publicly reported charges for our institution and 
previously published OR costs, we estimated the additional 
charges and costs per case that were attributable to delays 
(Table 3). Patients undergoing URS incurred an additional 
mean charge of $219–264 per case and patients undergoing 
PCNL incurred an additional mean charge of $339–422 per 
case at our institution. In a more generalizable context, this 
translates to an added cost of $125 and $135, respectively. 
For URS patients, preventable delays constituted an addi-
tional mean charge of $271, while non-preventable delays 
constituted an additional $191. Similarly, this translates to 
an additional cost of $141 and $133, respectively. For PCNL 
patients, preventable delays constituted an additional mean 
charge of $375, while non-preventable delays constituted 
an additional mean charge of $386. This translates to an 
additional cost of $99 and $137, respectively (Table 3).
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Discussion

Previous reports, such as that by Zygourakis et al, suggest that 
awareness of OR equipment costs led to a 6.5% decrease 
in direct surgical supply costs.11 Surgical treatment of stone 
disease requires many pieces of reusable equipment, as 
well as a large variety of disposable items, such as wires, 
sheaths, and laser fibers. Cost and efficiency analyses of the 
surgical equipment, reprocessing, and disposables has been 
reported previously.3-8 For example, one orthopedic study 
found that a dropped surgical instrument leads to a delay of 
7.6 minutes.12 However, the direct charges associated with 
OR delays have not been previously investigated in stone 
disease. A 2005 study of hospitals across the U.S. found 
that OR time averaged $62/minute (range $22–133/minute) 
for all levels of case complexity.13 In this study, we sought 
to characterize and quantify delays and associated charges 
and costs arising in the OR during the surgical treatment 
of stone disease. By increasing awareness of this prevalent 
issue, we hope to provide a platform for improvements in 

efficiency and decreasing surgical costs. By characterizing 
these delays, we provide a platform to guide future interven-
tions that could be implemented and studied to decrease 
OR delays and unnecessary costs. 

We demonstrated that delays were encountered in the 
majority of routine endourological surgical cases. For ure-
teroscopy, the mean length of delay was 3.4 minutes, or 
almost 8% of the case length. This is a similar delay time to 
other studies. One observational study of delays in urological 
cases found a similar increase in operative time of 5.66 min-
utes in cases that lasted an average of 50 minutes. Another 
study of abdominal and orthopedic procedures found that 
surgical teams were distracted or interrupted 9.82 times per 
hour (SD 3.97) in cases with a mean intraoperative duration 
was one hour, 23 minutes. Frequency of interrupting events, 

Table 1. Delay categories

Data collection phase category Post-data collection 
phase categories

Preventable? Number of delays 
per category

Pre-start delays Anesthesia or surgeon not available for huddle/
induction

2 – missing 
personnel

Yes 4

Patient is positioned, but fluoroscopy equipment 
or technician are not present

1 – missing 
equipment
2 – missing 
personnel

Yes 5

Circulator required to leave the room to retrieve 
expected equipment (video tower, stirrups, etc.)

1 – missing 
equipment

Yes 2

Laser requested, but personnel or equipment is 
not in room or personal protective equipment is 

missing

1 – missing 
equipment
2 – missing 
personnel

Yes 0

Event that causes a delay but does not fit into 
the other categories

1, 2, 3, or 4 Attributed based on 
debriefing with surgeon

6

Intraoperative 
delay

Expected equipment is not in room (i.e., 
guidewires, stents, etc.)

1 – missing 
equipment

Yes 13

Personnel (anesthesia, nursing, fluoroscopy, 
laser) are not in room

2 – missing 
personnel

Yes 6

Equipment that is not in the room is required 
due to change in case plan or equipment 

malfunction

3 – equipment 
malfunction

4 – change in case 
plan

No 14

Event that causes a delay but does not fit into 
the other categories

1, 2, 3, or 4 Attributed based on 
debriefing with surgeon

6

Table 2. Timing of preventable delays

Pre-start Intraoperative Total
Preventable 14 (45%) 17 (55%) 31

Non-preventable 3 (12%) 22 (88%) 25

Total 17 (30%) 39 (70%) 56

Table 3. Estimated additional charges to patients 

Mean length 
of delay 
(min:sec)

Additional 
charge in USD 

(mean)

Additional 
mean cost 

in USD
URS 3:22 $219–264 (242) $125

Preventable 3:49 $246–296 (271) $141

Non-preventable 2:41 $173–208 (191) $99

PCNL 3:39 $339–422 (381) $135

Preventable 3:36 $334–416 (375) $133

Non-preventable 3:42 $343–428 (386) $137
PCNL: percutaneous nephrolithotomy; URS: ureteroscopy.
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defined as events that halt a case for at least 10 seconds, was 
found to be higher in laparoscopic operations (0.38/minutes) 
compared to open (0.18/minute) (p<0.001). 

At our institution, an added 3.4 minutes translates to an 
average estimated unnecessary increase in charge of $242 
and average cost of $126. Similarly, a mean length of delay 
of 3.7 minutes in PCNL translated to an average charge 
increase of $381 and average cost of $137. With an annual 
institutional caseload of over 400 URS and 400 PCNL the 
potential impact is $162 000 in charges or $105 200 in costs 
at our institution. There was no significant difference in the 
length of preventable and non-preventable delays. While 
the average delay may seem insignificant, they were signifi-
cant in summation and contributed to turnover delays and 
significant subjective stress for the OR staff and surgeons.

The proportion of preventable delays was higher prior to 
the start of the procedures, which was similarly reported by 
Antoniadis et al.14 Additionally, intraoperative interruptions 
can lead to further miscommunications. These results sug-
gest that clear protocols for communication between OR 
personnel regarding equipment processing and setup can 
potentially result in significant reduction in charges and 
improvement in efficiency, especially prior to the start of 
the procedure. As an example, one of our strategies has been 
the use of whiteboard magnets to delineate preoperatively 
what equipment is needed for each case (Fig. 1). 

Additionally, any intervention to prevent delays should 
address the issue of required personnel missing from the OR, 
as this too was a significant cause of delays. Surgical check-
lists have been used successfully as a tool to improve safety 
and reduce communication failures.15-17 We propose inves-
tigating the efficacy of a preoperative checklist to structure 
communication briefing regarding personnel and equipment 
needed in the OR. Use of such a tool prior to the patient 
entering the room would decrease delays, as seen in our 
study population, and increase overall OR efficiency. We 
also recognize that missing personnel is affected by ade-
quacy of staffing and institutional culture. Addressing this 
issue will require interprofessional collaboration with nurs-
ing staff, anesthesia, and fluoroscopy technicians to identify 
underlying factors before we are able to implement quality 
improvement measures. 

It is important to note that most personnel working in 
these procedures were dedicated urology nurses and tech-
nologists, working in a high-volume tertiary referral center. 
As such, it is not unreasonable to expect these delays to be 
exaggerated for surgical centers where staff are not neces-
sarily specialty-specific, or where staff experience with stone 
surgery is more limited than in our series.

This study was observational and only included two 
high-volume endourologists. While turnover and effect on 
patient care are of interest, they could not be assessed within 

this study design. Turnover does not directly translate to an 
increased per-case charge and cost, but does lead to overall 
increased expenses for the surgical center due to resources 
required for a longer day, including more staff hours worked, 
overtime, etc. As the focus of this study was to evaluate sur-
gical delays, estimates of charges excluded many important 
drivers of cost, such as equipment, medication, and per-
sonnel fees; these have been previously studied.3-6 We did 
account for the variations in level of service charged, hence 
all the charges are given as a range, with the lower number 
representing a level II charge and the higher number repre-
senting a level IV charge (i.e., URS and PCNL, respectively), 
while cost was included as a more generalizable estimate. 

Conclusions

In the surgical management of stone disease, delays are 
encountered in most cases and appear to be preventable. 
This translated to a proportion of operative time leading to 
additional incurred charges and costs. We demonstrate a 
rationale and need for the development of improved com-
munication and workflow protocols and dedicated operative 
team building to increase efficiency and prevention of delays 
in an endourological surgical setting.
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Fig. 1. One of our strategies has been the use of whiteboard magnets to 
delineate preoperatively what equipment is needed for each case.
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