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Procedural Factors Affecting Nurses’ Workload and Laboratory Efficiency 
in the Interventional Cardiology

Abstract

Background: Interventional cardiology nursing is a highly specialized nursing specialty in 
which knowledge and skills from various nursing disciplines such as cardiovascular, inten-
sive care, and operating room nursing are combined. The study was conducted to analyze 
the procedural factors affecting the workload of interventional cardiology nurses and to 
determine incompatibilities between supply and requirements in terms of manpower plan-
ning and laboratory efficiency.

Methods: The study was designed as prospective, observational, and descriptive. The data 
were collected between May 1 and 30, 2019, in cardiac catheterization laboratory with single 
operating room. Regarding 4 different interventional procedures, records have been kept 
about “clinical data for procedures, perioperative nurse functions and workload” and the 
relationship between those data has been analyzed.

Results: In the study, a total of 39 procedures were observed. Mean fluoroscopy times, total 
nurse workloads, and room turnover times were, respectively, 7.1 ± 2.8, 34.7 ± 9.5, and 9.1 ± 2.7 
minutes in coronary angiography, 34.4 ± 23.17, 91.2 ± 51.9, and 15.6 ± 6.6 in percutaneous coro-
nary intervention, 61.9 ± 22.6, 124.6 ± 28.7, and 22.0 ± 3.7 in permanent pacemaker implantation, 
and 111.6 ± 26.2, 187.3 ± 45.8, and 41.3 ± 20.1 in peripheral vascular interventions. About 41.02% 
of the procedures took place between 10 am and 1 pm, when there were 3 nurses in the unit. 
Between 1 pm and 3 pm and between 3 pm and 5 pm when the number of nurses in the unit was 4, 
the percentage of procedures that took place was 20.5% and 17.9%, respectively. In the periph-
eral vascular interventions, postoperative nursing workload was found to be higher (P < .001).

Conclusion: Workload of interventional cardiology nurses are higher than total operation and 
fluoroscopy times. The operating room turnover time shortens if the number of circulating 
nurses involved in procedures increases. In order to improve the efficiency and productivity of 
these units, it is recommended to consider “fluoroscopy times and nurse workloads in different 
procedures,” “distribution of procedures during the day,” and “the room turnover times.”
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Introduction

Although interventional cardiology is a relatively new concept, today it is a medical field 
that exceeds conventional surgery in the field of cardiovascular diseases. Over the past 
2 decades, there have been significant advances and increases in the variety of pro-
cedures performed in the field of percutaneous cardiovascular interventions and the 
number of patients treated with these procedures. The scope of practice of interven-
tional cardiology is no longer limited to coronary interventions alone. The procedures 
have expanded to include cardiac rhythm management, treatment of structural heart 
diseases, and peripheral vascular interventions (PVI). The main reasons for this axis 
shift in the treatment of cardiovascular diseases can be identified as aging population, 
advances in imaging technologies, efficiency and reliability of interventional procedures, 
advances in operator techniques, and the use of percutaneous coronary intervention 
(PCI) as the first emergency treatment strategy in patients with myocardial infarction.1-2

Cardiac catheterization laboratories (CCL) are procedure rooms with high-efficiency 
imaging systems, where complex percutaneous catheter-based interventions are per-
formed for diagnosis and treatment. These laboratories provide services in different 
categories in terms of facility, infrastructure, and equipment. “Full-service laboratories” 
perform a wide variety of diagnostic and interventional procedures in hospitals with car-
diovascular surgery on site. “Hospital laboratories without on-site cardiac surgery” offer 
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limited diagnostic and interventional procedures. The third group 
that is “hospital-based laboratories” are units where only diagnostic 
procedures and certain peripheral interventions are performed, and 
no coronary interventions take place. Safe and optimal implementa-
tion of procedures performed in cardiac catheterization laboratories 
requires a multidisciplinary approach. This team consists of physi-
cians (medical director, operator, and physician assistant), nurse 
(nurse manager and nursing staff), non-nursing staff (technical 
manager and radiologic technologist), anesthesia personnel, medical 
physicist, and ancillary staff (technical support staff and procure-
ment/purchasing specialist) equipped with the education, knowl-
edge, and experience specified in the guidelines.3-5

The trend of diagnosis and treatment of cardiovascular diseases with 
percutaneous cardiovascular interventions has led to the emergence 
of a different field of education and expertise for nurses. This specialty 
is called “interventional cardiology nursing.” Interventional cardiology 
nursing is a highly specialized nursing specialty in which knowledge 
and skills from various nursing disciplines such as cardiovascular, 
intensive care, and operating room nursing are combined. In this highly 
technological field, nurses work as a scrub or circulating nurse to sup-
port different procedures in the perioperative processes. They are 
responsible for several complex clinical tasks, such as the preparation 
and management of patients, equipment, and supplies. Nurses working 
in these units are expected to know cardiovascular anatomy–physiol-
ogy, advanced life support, basic electrocardiogram, cardiovascular 
drugs, anesthesia sedation, vascular catheters, and radiation safety. 
In terms of skills proficiency, they need to be skilled in intravenous 
infusion, creation, and maintenance of a sterile field, management of 
sheath area, hemostasis-compression dressing, and patient monitor-
ing. In CCL where there are no physician assistants, radiologic tech-
nologists, and anesthesiologists/technicians, nurses undertake the 
duties of this personnel. For this reason, CCL nurses must know the 
complex technical structure and material properties of the procedures. 
They also assist the operator during the procedure. With the develop-
ment of new technologies and interventional procedures in the future, 
these roles and responsibilities will undoubtedly change and improve.4-7

For safe patient care and avoiding and managing adverse events that 
occur during the procedure, both qualitative and quantitative qualifi-
cations of the personnel working in CCL are important. The number of 
non-physician staff per procedure should be considered in terms of 
the effectiveness and efficiency and costs of these units. In general, 
it is recommended that 1 or 2 staff be at the table for each procedure 
and additionally 2 staff for circulation, monitoring, and documenta-
tion tasks.5 However, these general recommendations do not clearly 
explain the sufficient number of non-physician staff for different 
and/or more complicated procedures. In addition, there is not suffi-
cient data in the literature on the relationship between CCL caseload 
and the distribution of the cases during the day and shift planning, 
room turnover rate, and the number of personnel.6

Given the conditions brought on by developing and changing cardio-
vascular interventions, it is necessary to determine the current state 
of the workforce in CCL to make appropriate plans and provide effi-
cient and effective health care.

The study aimed to determine the scope of practice for interventional 
cardiology nurses, the workloads for these practice areas, the dis-
tribution of workloads in different procedures, and the procedural 
features affecting the workloads. It is believed that the study results 

will contribute to the literature  on issues in CCL such as: 1. Planning 
the nurse workforce in accordance with their workload; 2. Developing 
standards for nurse workload-employment; 3. Planning the  nursing 
employment with an evidence-based; 4. Developing projections for 
the resolution of the detected inconsistencies.

Methods
Aim

The study was conducted to determine the responsibilities and the 
scope of practice of CCL nurses as a scrub and circulating nurse to 
determine the changes in nurse workload in different interventional 
procedures and to develop recommendations for manpower planning 
related to caseload-nurse workload.

Type of Study

It is a prospective, observational, descriptive study. Study data were 
collected between May 1 and May 30, 2019.

Location and Characteristics of Study

Cardiac catheterization laboratories, where the study was conducted, 
was a “full-service laboratory” with a single room and provided service 
with SIEMENS biplane angiography system. Eight cardiologists worked 
in the unit, and there were no cardiology physician assistants. Except 
for the nurse manager, 7 nurses worked in three 7-hour shifts in the 
laboratory (unit had a schedule of 2 nurses between 8 am and 10 am, 4 
nurses between 10 am and 1 pm, 6 nurses between 1 pm and 3 pm, 4 nurses 
between 3 pm and 5 pm, and 2 nurses between 5 pm and 8 pm). Due to radi-
ation exposure, staff used a month of medical leave additional to their 
annual leave period. Moreover, as a result of the excused absence due 
to illness, etc., the number of nurses varied according to the days. Every 
day, a nurse was on standby duty. There were no radiologic and surgi-
cal technologists in the laboratory, and the duties and responsibilities of 
these technologists were carried out by CCL nurses. Cardiac catheteriza-
tion laboratories experience of nurses on duty varied between 6 months 
and 5 years. The patients were admitted to a 21-bed coronary intensive 
care unit for hospitalization before the procedure and for follow-up and 
treatment after the procedure. The coronary intensive care unit and CCL 
teams were different. Laboratory nurses were not responsible for patient 
care after the procedure. Laboratory throughput was an average of 6 
cardiovascular diagnoses/treatments interventions per day.

Sampling

Since the study was based on the duty and workload analysis of CCL 
nurses, it was aimed to make at least 6 observations in different 
procedures performed in the relevant CCL for the generalizability of 
the results, and a total of 39 observations were made for 4 different 
interventional procedures in 1 month. Nineteen of these observations 
were coronary angiography (CA), 7 were PCI, 8 were permanent pace-
maker implantation (PPMI), and 5 were PVI. Due to the insufficient 
number of patient appointments for PVI during the data collection 
period, 5 observations were made. The activities and workloads of the 
nurse manager and the additional activities of the nurses other than 
procedural activities were excluded from the study.

Data Collection Tools

For each process observed in the study, “general data form for inter-
ventional procedure”, “unit general preparation procedures workload 
form,” and “nurse workload form for procedural activities” were filled.
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General Data Form for Interventional Procedure 

Variables in this form are procedure type, procedure time, number of 
nurses in the unit at the time of the procedure, total procedure time 
(time between patient’s entry and exit to the unit), operation time to 
fluoroscopy time (time between vascular access and the end of the 
procedure), room turnover time (determined through the total workload 
of the scrub and circulating nurses in the postoperative period), type 
of patient admissions to the unit (appointment, inpatient, and emer-
gency), the intervention area, the completion status of the procedure, 
the anesthesia sedation type, the preoperative anticoagulant treat-
ment, use of emergency drugs during the procedure, use of contrast 
media, contrast media volume, procedural complications, and condi-
tions affecting the duration of the procedure (additional activities and 
unexpected problems).

Cardiac catheterization laboratory nursing activities were assessed 
in 2 groups as “unit general preparation procedures” and “procedure-
specific nursing activities” applied at the start of the working day.

Unit General Preparation Procedures Workload Form

Seven activities assessed in this workload are “appointment list con-
trol, the entry on scheduling board, daily division of labor,” “getting the 
angiography device ready for the procedure (turning on the device and 
testing the motion control),” “turning on the computers,” “inventory 
count (inventory control for number and content of equipment required 
for procedures carried out during the day, missing inventory request),” 
“control of other medical devices and emergency equipment (defibril-
lator control, emergency cart drug and supply control, and O2 and aspi-
ration equipment preparation).” The averages of 5-day records of the 
time spent on each of these activities constituted “general preparation 
procedures workload.”

Nurse Workload Form for Procedural Activities

Three different interventions were observed for each procedure to 
determine the pool of “procedure-specific nursing activities.” Procedural 
activities were grouped as preoperative, intraoperative, and postopera-
tive activities within the workflow. The activities in each group were 
further divided as activities of scrub and circulating nurses who partici-
pated in the procedure. A total of 27 nursing activities were identified: 
6 for the scrub and 7 for the circulating in the preoperative period, 3 for 
the scrub and 3 for the circulating in the intraoperative period, 4 for 
the scrub and 4 for the circulating in the postoperative period (Table 1).

The time spent on each nursing activity was assessed and recorded 
by a researcher participating in the procedure using a stopwatch. The 
average workload for each interventional procedure group was calcu-
lated separately for the pre-intra and postoperative periods and the 
scrub/circulating nurses.

Ethics

The study complies with the principles set out in the Declaration of 
Helsinki.8 To conduct the study, written permission was obtained 
from Biruni University Non-Interventional Research Ethics Committee 
(date: March 29, 2019, decision no: 2019/27-04) and the hospital 
where the study was conducted.

Data Analysis

R software program was used for the statistical analysis of the study 
findings. For the descriptive statistics of the variables, mean and 

standard deviation were used for continuous variables, and median 
values ​software program was used for the statistical analysis of the 
study findings. For the descriptive statistics of the variables, mean 
and standard deviation was performed for the variables that did not 
show a normal distribution in the same groups. Bonferroni method 
was used in post hoc analysis. The difference and significance levels 
of the relationships were accepted as P < .05, P < 0.01, and P < .001.

Results
In this study, 61.5% of the patients were male, the mean age was 
62.58 ± 11.58, and 66.7% were patients with an appointment. Data for 
the interventional procedure are provided in Table 2. About 48.7% of 
the 39 interventional procedures observed were CA, 17.9% were PCI, 
20.5% were PPMI, and 12.8% were PVI. About 71.8% of the cases were 
local anesthesia-only procedures while 28.2% were performed under 
local anesthesia + conscious sedation. Contrast volume was <100 mL 
in all coronary angiographies, 100-199 mL in 71.4% of PCI, and >200 
mL in 80.0% of PVI. The vessel type was femoral artery in all CA and 
PCI, subclavian vein in PPMI, and femoral artery in PVI (failed brachial 
access in 2 cases). Total procedure time and operation time were 23.8 
± 8.9 and 7.15 ± 2.80 for CA, respectively, 51.7 ± 22.5 and 34.4 ± 23.17 
for PCI, and 90.2 ± 25.2 and 61.93 ± 22.6 minutes for PPMI cases. Total 
procedure time and fluoroscopy time (140.6 ± 30.8 and 111.6 ± 26.2 
min) in PVI were found to be statistically significantly higher than the 
other groups (P < .001). Room turnover times were 9.1 ± 2.7 for CA, 
15.6 ± 6.6 for PCI, 22.0 ±3.7 for the PPMI group, and 41.3±20.1 for PVI.

The numerical distribution of the procedures during the day, the 
number of nurses present in the unit at these time intervals, and the 
number of nurses working shifts in the routine work plan of CCL are 
presented in Figure 1. About 10.25% of the procedures were performed 
between 8 am and 10 am and the number of nurses present in the unit 
was 2. The value distributions were 41.02% and 3% between 10 am and 
1 pm, respectively, 21.5% and 4% between 1 pm and 3 pm., 17.94% and 4% 
between 3 pm and 5 pm; 10.25% and 2% between 5 pm and 8 pm.

Cardiac catheterization laboratories scrub workloads are shown in 
Table 3. The preoperative scrub workload was found to be 7.7 ± 3.1 min-
utes for CA, 10.0 ± 3.6 minutes for PCI, 16.6 ± 4.7 minutes for PPMI, and 
7.6 ± 2.3 minutes for PVI. The preoperative scrub workload in the per-
manent pacemaker implantation group was statistically significantly 
higher than the other groups (P < .001). The intraoperative scrub 
workload was found to be 8.1 ± 3.0 minutes for CA, 34.0 ± 25.3 min-
utes for PCI, 66.0 ± 27.1 minutes for PPMI, and 113.6 ± 25.9 minutes 
for PVI, and a statistically significant difference was found between 
the groups in the direction of PVI (P < .001). The postoperative scrub 
workload was 3.3 ± 1.0 minutes in CA cases; 4.0 ± 1.0 minutes in PCI, 
7.3 ± 2.2 minutes in PPMI, 8.6 ± 8.6 minutes in PVI, and the difference 
was found to be statistically significant (P < .001). It was determined 
that the total scrub workload was higher in PVI with 129.8 ± 29.7 min-
utes compared to other groups (P < .001).

Workloads of circulating nurses are presented in Table 4. The preopera-
tive circulating workload was 8.9 ± 3.74 minutes in CA, 11.0 ± 4.04 min-
utes in PCI, 15.6 ± 5.07 minutes in PPMI, and 11.2 ± 3.11 minutes in PVI. 
The preoperative circulating workload in the PPMI group was found 
to be higher than the other groups (P < .001). Intraoperative circulat-
ing workload (CA, PCI, PPMI, and PVI, respectively) were 0.5 ± 0.5, 
20.5 ± 26.4, 4.2 ± 2.3, and 15.8 ± 9.6 minutes, and the workload in PCI 
was found to be higher than the other groups (P < .001). Postoperative 
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circulating workloads (CA, PCI, PPMI, PVI, and respectively) were 
5.8 ± 1.9, 11.6 ± 5.8, 14.6 ± 2.8, and 32.7 ± 15.2 minutes, and the work-
load was higher in PVI (P < .001). Similarly, the total circulating work-
load was found to be higher in PVI with 59.7 ± 19.8 minutes compared 
to other groups (P < .001).

The total workloads of CCL scrub and circulating nurses according to 
the procedures are provided in Table 5. The perioperative workload 

was found to be 34.7 ± 9.5 minutes for CA, 91.2 ± 51.9 minutes for 
PCI, 124.6 ± 28.7 minutes for PPMI, and 187.3 ± 45.8 minutes for PVI. 
It was established that the type of intervention with the highest total 
workload was PVI, and the difference between the groups was statis-
tically significant (P < .001). In CAs, 48.1% of the total nurse workload 
was related to preoperative preparations. The effect of intraoperative 
workload on total workload was 25.3% for the CA group, 59.7% for PCI, 
56.4% for PPMI, and 67.9% for PVI. The percentage of postoperative 

Table 1.  Cardiac Catheterization Laboratory Nursing Activities

Flow Duty Cardiac Catheterization Laboratory Nursing Activities
Workload 
(minutes)

Preoperative Scrub 1.	 Wearing lead shielding devices for radiation safety
2.	 Surgical preparation (hand scrubbing, mask, cap, sterile gown), procedure table 

preparation (sterile table preparation, washing of catheters-sheath to prevent air 
embolism, local anesthetic drug preparation, etc.)

3.	 Procedure area antisepsis and covering
4.	 Placing lead shielding panels and devices, sterile covering
5.	 Manifold preparation, contrast media preparation, air control in the set, placing the 

angiography device in the HEAD side position, radiation dose adjustment of the 
device, guide wire and other devices preparation

6.	 Assisting the physician in donning of sterile attire

Circulating 1.	 Request and delivery of the patient from ICU, checking the standard preoperative 
patient medical records and the checklist

2.	 Placing and positioning the patient on the table, informing about the procedure 
connecting the patient to the monitor, recording the vital signs

3.	 Patient entry to the angiography device
4.	 Wearing lead shielding devices
5.	 Administering the requested drug treatment
6.	 Supply and preparation of material-drug necessary for the procedure
7.	 Assisting scrub personnel in donning sterile attire

İntraoperative Scrub 1.	 Time-out: Patient identity, procedure, signed consent, allergy, antibiotic, procedure 
area, approval of pre-wash, special equipment needs supply, etc.

2.	 Simultaneous procedures (assisting the physician, catheter manipulation, 
movements of the angiography device and procedure table, settings of the imaging 
angles, administration of contrast media, dose tracking of the given contrast 
agent, monitoring of the cardiovascular and hemodynamic status of the patient, 
communication with the patient)

3.	 Emergency (cardiac arrest, respiratory arrest, vagal reaction, etc.) and complication 
management (directing the team, ensuring patient and team safety)

Circulating 1.	 Administering procedural sedation and patient monitoring, providing nasal O2 
support

2.	 Supply and preparation of additional drugs ordered during the procedure
3.	 Supply of necessary additional equipment

Postoperative Scrub 1.	 Removing patient covers, informing and educating the patient
2.	 Postoperative procedure area management (placement of radial pressure dressing 

and site cleaning for radial interventions; Dressing closure on sheath and site 
cleaning for brachial interventions; Closure with sheath fixation suture and site 
cleaning for femoral interventions), compression and dressing

3.	 Left/right pectoral area cleaning and dressing for permanent pacemaker 
implantation

4.	 Switching device location to PATIENT TRANSFER mode

Circulating 1.	 Patient transfer, patient delivery to ICU or service nurse after the procedure
2.	 Taking records of the procedures in the nurse observation form (procedure, 

bleeding, complications, drugs administered, vital signs, presence of sheath, etc. 
catheter left on the patient)

3.	 Sending image records to the PACS system, printing on a CD, deleting the patient 
record from the angiography device for the next procedure, entry of consumables, 
drugs, etc on the PROBEL system, records of non-consumable equipment

4.	 Preparation and control of CCL for the next operation (waste management, 
cleaning)
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workload effect on total workload was determined to be 26.2% in CA 
and 22.0% in PVI. The mean “scrub and circulating nurse workloads” 
of 39 observed procedures were found to be 82.89 ± 61.76 (min: 
21.00 and max: 234.00) minutes.

The distribution of CCL total nurse workload, total procedure time, 
and operation time are provided in Figure 2. Circulating + scrub total 
workload was 4.8 times the total procedure time in the CA group and 
1.4 times the operation time. These values were 2.6 and 3.8 for PCI, 
respectively; 2.0 and 1.3 for the PPMI group; 1.6 and 1.3 for PVI

In addition to the workloads described above, the average workload, 
which was obtained after a 5-day observation of the “unit general 
preparation procedures” performed by the nurses at the start of the 
working day, was found to be 31.8 minutes.

Discussion
Coronary angiography and PCI were the most frequently performed 
procedures in CCL where the study was conducted. Similar to the 
study group, although the variety of procedures performed in cardiac 

catheterization laboratories differ depending on factors such as 
the conditions of the facility where the procedures are performed, 
operator experience, and procedure volumes, the most frequently 
performed procedures are CA and PCI. The main reasons why these 
procedures are often performed in CCL can be summarized as fol-
lows: 1. The increased prevalence of coronary artery disease; 2. The 
progressive nature of the illness; 3. The fact that CA and PCI are 
important options for the diagnosis, and treatment of coronary artery 
disease.2,9

Anesthesia Sedation

Although interventional cardiovascular procedures are minimally 
invasive and short, they cause anxiety, pain, and discomfort in 
patients. Therefore, different sedation and analgesia techniques 
such as procedural sedation, local anesthesia, or a combination are 
performed in CCL depending on the procedure type, patient needs, 
and operator experience. In the study group, all CA procedures and 
the majority of PCI and PVI were performed with local anesthesia only 
and sedation was not required. Conscious sedation was applied with 

Figure 1  . The distribution of the procedures according to the time intervals during the day, the number of actual and planned nurses. CA: coronary angiography; 
PCI: percutaneous coronary intervention; PPMI: permanent pacemaker implementation; PVI: peripheral vascular intervention.
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local anesthesia in all permanent pacemaker applications and nearly 
half of PVI. Unlike the study results, the study of Lavi  et  al10 found 
that sedation was used more often (50% in CA and PCI, 53.1% in PPMI, 
and 33.6% in PVI).10 Although an anesthesiologist is required to be 

on duty in CCL where especially more complex and long-term proce-
dures are carried out, this practice is usually performed by nurses due 
to the absence of an appointed anesthesiologist or due to economic 
reasons, and it is called “nurse-administered procedural sedation 

Table 3.  Cardiac catheterization laboratory scrub nurse workload analysis and comparisons between groups

Preoperative scrub nurse 
workload
(Minute)

Intraoperative scrub nurse 
workload
(Minute)

Postoperative scrub nurse 
workload
(Minute)

Total
(Preo​p.-In​traop​.-Pos​top.)​ 

Scrub nurse workload 
(Minute)

Procedure 
Group

n Mean.±SD
(Min-Max)

Median

KW
(Χ2)
P*

Mean.±SD
(Min-Max)

Median

KW
(Χ2)
P*

Mean.±SD
(Min-Max)

Median

KW
(Χ2)
P*

Mean.±SD
(Min-Max)

Median

KW
(Χ2)
P*

CA 19 7.7±3.1
(3.0-16.0)

8.50

17.4
<0.001

8.1±3.0
(5.0-15.0)

7.50

29.61
<0.001

3.3±1.0
(2.0-5.0)

3.5

22.61
<0.001

19.2±5.61
(13.0-35.0)

18.00

30.81
<0.001

PCI 7 10.0±3.6
5.0-14.0

10.00

34.0±25.3
(7.0-81.0)

21.00

4.0±1.0
(3.0-5.0)

4.00

48.0±24.6
(25.0-96.0)

38.00

PPMI 8 16.6±4.7
11.0-24.0

15.00

66,0±27,1
(43,0-112,0)

53.75

7.3±2.2
(4.0-11.0)

7.00

90.0±27.0
(64.0-131.0)

77.00

PVI 5 7.6±2.3
5.0-10.0

7.00

113.6±25.9
(82.0-144.0)

117.0

8.6±8.6
(5.0-20.0)

6.00

129.8±29.7
(94.0-169.0)

133.00

Procedure groups: CA: Coronary angiography / PCI: Percutaneous coronary intervention / PPMI: Permanent pacemaker implantation / PVI: Peripheral vascular 
intervention 
P*: Kruskal-Wallis Test, <0.001
Post Hoc Analyses: As a result of Post Hoc analyses performed between two groups, the highest Preoperative scrub workload was found in PPMI, the highest Intra-
operative scrub workload was in PVI, the highest Postoperative scrub workload was in PPMI, and the lowest Total Scrub workload was in CA, the highest was in PVI.

Table 4.  Cardiac catheterization laboratory circulating nurse workload distributions and comparisons between groups 

Preoperative circulating 
nurse workload

(Minute)

Intraoperative circulating 
nurse workload

(Minute)

Postoperative circulating 
nurse workload

(Minute)

Total (preo​p.-in​traop​.-pos​
top.)​ circulating workload

(Minute)

Procedure n Mean±SD
(Min-Max)

Median

KW
(Χ2)
P*

Mean±SD 
(Min-Max)

Median

KW
(Χ2)
P*

Mean±SD 
(Min-Max)

Median

KW
(Χ2)
P*

Mean±SD
(Min-Max)

Median

KW
(Χ2)
P*

CA 19 8.9±3.74
(4.0-15.0)

8.00

11.05
<0.001

0.5±0.5
(0.0-2.0)

0.50

29.40
<0.001

5.8±1.9
(3.0-10.0)

6.00

24.72
<0.001

15.3±4.5
(8.0-25.0)

15.00

26.16
<0.001

PCI 7 11.0±4.04
(6.0-15.0)

11.00

20.5±26.4
(2.0-70.0)

10.00

11.6±5.8
(3.0-20.0)

10.00

43.2±30.2
(14.0-95.0)

34.00

PPMI 8 15.6±5.07
(10.0-26.5)

15.00

4.2±2.3
(1.0-8.0)

5.00

14.6±2.8
(8.0-18.0)

15.00

34.6±6.2
(27.5-44.5)

34.00

PVI 5 11.2±3.11
(8.0-15.0)

12.00

15.8±9.6
(7.0-30.0)

15.00

32.7±15.2
(15.0-50.0)

26.00

59.7±19.8
(35.0-89.5)

55.00

Procedure groups: CA: Coronary angiography / PCI: Percutaneous coronary intervention / PPMI: Permanent pacemaker implantation / PVI: Peripheral vascular 
intervention 
P*: Kruskal-Wallis Test, <0.001
Post Hoc Analyses: As a result of the Post Hoc analyses performed between two groups, the highest Preoperative circulating nurse workload was found in PPMI, the 
highest Intraoperative circulating nurse workload was in PVI, the highest Postoperative circulating nurse workload was in PVI, and the highest total circulating nurse 
workload was in PVI.
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analgesia.” In the study conducted by Convay  et  al11, it was estab-
lished that nurse-administered procedural anesthesia was much 
more common than anesthesiologist-directed sedation, especially 
in CA, PCI, and PPMI procedures in Australia and New Zealand.11 In 
the CCL where the present study was conducted, procedural sedation 
was performed by nurses under the supervision of a physician. This 
situation makes it necessary for nurses working in CCL, where there 
is no anesthesiologist, to have knowledge and skills on procedural 
sedation, emergency management, drugs used, and patient monitor-
ing. The issue should also be considered as a factor that increases 
the workload of CCL nurses.

Contrast Media

Since the contrast agent used in interventional cardiovascular proce-
dures is excreted through the kidneys, it may cause damage to these 
organs. Although the risk of procedure-related, contrast-induced 
nephropathy varies depending on the type, concentration, and volume 
of the contrast media and patient comorbidities, the risk increases 
as the amount increases.12 Cardiac catheterization laboratories 
nurses must assess and monitor the hydration status of patients 
during the perioperative period in terms of the relationship between 
contrast media volume, fluoroscopy time, and contrast-induced 
nephropathy. In the study by Pijls et al13, contrast media volume for 
PCI was found to be higher with an average of 302 mL compared to 
the present study. Similar to our study data, contrast media volume 
for PCI was 185 mL (radial: 178 mL, femoral: 186 mL) in the study 
by Feldman et al14 and 197.4 for PCI and 103.2 mL for CA in another 
study.15 On the other hand, in the study by Kalish  et  al16, the con-
trast volume reported for PVI was found to be less than the present  
study with 100 mL.

Vessel Type

Vessel selection for the procedures is determined according to 
the anatomical structure, patient needs, and physician preference. 
Although transfemoral artery (TFA) cannulation is traditionally pre-
ferred, there has been an increase in transradial artery (TRA) access 
in recent years.17 It was observed that in CCL where the study was 
conducted, physicians preferred TFA as an intervention area. Similar 
to these results, there are studies in the literature in which TFA is 

used more often. In 1 study14, this rate was 93.6%, and in the study by 
Dehmer et al15, TFA was used in 92.7% of PCI and 91.2% of diagnostic 
procedures. However, different from our study results, recent stud-
ies showed that TRA route was used more. It was reported that TRA 
was used in 45% of PCI in the study by Ratib et al18, in 85% of PCI in 
another study,19 in 58.6% of CA and 42.8% of elective PCI in the study 
of Cağın et al.20

Total Procedure Time and Fluoroscopy Time

It was found that PVI was the procedure with the longest total pro-
cedure time and fluoroscopy time while CA was the shortest pro-
cedure type. Whether the procedure is diagnostic or interventional 
and the number of vessels and lesions treated in interventional pro-
cedures affect the duration of the procedure. In addition, different 
from single-vessel or single-lesion procedures, multi-vessel proce-
dures double the procedure time. This may explain the differences in 
procedure times between the groups in the study. These differences 
between the varieties of the procedures in terms of the duration are 
an important aspect that should be considered when planning the 
need of the nurse on duty. Different from our study results, fluoros-
copy time was found to be rather short in the study by Feldman et al14 
with 11.3 minutes in PCI, in the study of Dehmer et al15 with 4.9 in CA 
and 14.5 in PCI, in the study by Fazel et al21 with 2.6 minutes in CA and 
10.1 minutes in PCI. When the time differences for PVI were assessed, 
the fluoroscopy time was determined to be 16 minutes in 1 study.16 
In another study on aortoiliac angioplasty and stenting procedures, 
the total operation time was 83.4 minutes and the fluoroscopy time 
was 27 minutes, and in a series of 2500 cases, the fluoroscopy time 
was found to be much shorter with 34.5 minutes compared to our 
study.22,23 These results suggest that fluoroscopy times were longer 
in the CCL where the study was conducted compared to similar study 
results. Long fluoroscopy times should be assessed in terms of con-
trast media volume used for the patient and contrast-related adverse 
effects. In addition, it is necessary to examine the effect of long 
fluoroscopy times on “long-term small dose” occupational radiation 
exposure among staff and to consider it as a factor that increases 
the workload of nurses. In this study, we assessed the effect of flu-
oroscopy times on nurse workload with the formula “intraoperative 
nurse workload/total nurse workload.” It was established that this 
effect was more than 50% in PCI, PPMI, and PVI procedures with a 
long intraoperative period. Physician experience–procedure volume 
relationship, which can lead to long fluoroscopy time, should also be 
considered in terms of the effectiveness and efficiency of CCL.

Distribution of Procedures and Nurses’ Numbers According to Time 
Intervals

It was determined that nearly half of the procedures performed in 
CCL where the study was conducted were mostly between 10 am 
and 1 pm and the majority of these procedures were CA. The number 
of nurses present in the unit at this time interval was 3. Although 
it was planned to have 6 nurses in the unit between the hours of 
1 pm and 3 pm according to the routine work plan of CCL where the 
study was conducted, the number of procedures decreased to 8 at 
this time interval and there were 4 nurses in the unit during the work 
period. Similarly, although the number of procedures decreased to 7 
between 3 pm and 5 pm, the planned and actual number of nurses was 
4. When these data were evaluated, it was observed that there was 
a difference between the actual and planned number of nurses due 

Figure 2.  Distribution of total nurse workload, total procedure times and 
operation times in different procedures in CCL.
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to reasons such as leave report, etc., and there was an inconsistency 
between the number of procedures and the number of nurses at the 
time intervals. Regarding these results, it could be concluded that the 
CCL, where the study was conducted, should be reinforced with more 
nurses during the 8 am to 1 pm time interval when more procedures 
were performed, and the shifts should be rearranged accordingly. In 
this regard, it is recommended that the “number of nurses and shift 
planning” in CCL be arranged during the day according to the time 
intervals with high procedure volume. In the study by Reed et al24 on 
increasing the efficiency of CCL, it was stated that the productiv-
ity of the nurses was improved after changing their work schedule 
from block to pyramidal system, and after setting back the laboratory 
work hours to 7.30 a.m. They also reported that with these changes, 
about 80% of the cases could be completed by 15.30 p.m. In the same 
study, the main reasons for procedure start time delays were identi-
fied as the insufficient number of nurses in the early hours of the 
day and communication problems within the CCL team. This problem 
was resolved by switching the number of nursing staff to a pyramidal 
scheduling structure.24

Cardiac Catheterization Laboratory Nurse Workloads

When the workloads for the determined practice areas of scrub 
nurses during the preoperative preparation process were examined, 
the longest scrub preparation time was found to be in the PPMI group. 
We believe that this difference is due to additional activities such 
as surgical hand scrubbing and assisting the operator in donning a 
sterile gown in PPMI, unlike other semi-sterile procedures. The duties 
of the intraoperative scrub nurse are instrumentation to the physi-
cian and simultaneous device manipulations during the procedure. 
In parallel with the fluoroscopy times, the lowest scrub nurse intra-
operative workload was in the CA group and the highest was in PVI. 
When the workloads of the 6 practice areas that determine the post-
operative scrub nurse workload were examined, the highest workload 
was found to be in the PVI group. This difference is because the scrub 
nurse assists the circulating nurse in cleaning the area intended for 
the operation site, dressing, and applying pressure dressing to pre-
vent bleeding hematoma. In the study, the total average workload of 
scrub nurses was found to be higher in interventional procedures for 
treatment. Total scrub nurse workload in PVI was statistically signifi-
cantly higher than the other 3 groups. The main reason for this differ-
ence is the length of fluoroscopy time and postoperative workload in 
this group. It is necessary to consider these time differences in staff 
planning of the scrub nurses in CCL where multiple laboratories exist 
and different interventions are performed. In addition, PVI proce-
dures should be carefully assessed in terms of occupational radiation 
exposure associated with long fluoroscopy time, specific protection 
measures (protective equipment, filtration, the lowest dose possible, 
etc.), and radiation monitoring. Although studies in this area are gen-
erally discussed in terms of radiation exposure of the patient and the 
operator, it is also necessary to evaluate the situation in terms of 
scrub nurses.

When the preoperative workloads of circulating nurses were assessed, 
the shortest workload was in CA and the longest was in PPMI. This 
difference is due to the responsibilities of circulating nurses in pre-
paring and administering drugs for sedation, providing nasal O2 sup-
port to the patient since all PPMI procedures are performed with local 
anesthesia + conscious sedation, and due to the additional activi-
ties such as assisting the operator and scrub nurse in donning of 

sterile attire. The highest average intraoperative workload of circulat-
ing nurses was in the PCI group. This workload was associated with 
the presence of the circulating nurse in the operating room during 
the procedure in PCI, wearing lead shielding devices for emergency 
response, and drug-material supply following the protocols of the 
CCL where the study was conducted. When the postoperative work-
loads of the circulating nurses were evaluated, the shortest work-
load was in the CA group and the longest was in the PVI group. This 
workload difference is associated with the use of more numerous and 
expensive materials (thrombotic catheter, microcatheter, drug-elut-
ing balloons, stent-grafts, specific guide wires, long sheaths, etc.) in 
PVI. Since the procedure records of these materials are detailed, they 
require a longer time. In addition, after PVI, circulating nurses work 
together with the scrub nurse for area closure (pressure dressing, 
raising-holding the patient’s foot, etc.). These additional activities 
increase the postoperative circulating workload in PVI. When the total 
average workloads of circulating nurses were assessed, the highest 
value was found in the PVI group. Higher total circulating workload in 
PVI compared to the other 3 groups is especially associated with the 
excessive workload in the postoperative period.

The number of circulating nurses participating in the study was 
recorded. There was only 1 circulating nurse in 35.8% of the proce-
dures. The number of circulating nurses was usually 2. There were 
3 nurses in 1 procedure and 4 nurses in 1 procedure (in the preopera-
tive phase of PVI). The more resources assigned to a task, the faster 
the procedure is completed. For this reason, it should be considered 
that circulating workload times will be longer in procedures where 
only 1 circulating nurse is included.

The shortest total workload of the cardiac catheterization laboratory 
scrub and circulating nurses was in the CA group and the longest 
was in the PVI group. In CA procedures, the effect of the preoperative 
workload on total nurse workload for the procedure was found to be 
48.1%. In other interventional procedures, the effect of the intraop-
erative period on total workload was determined to be high. This situ-
ation is related to the effect of fluoroscopy times on the scrub nurse 
intraoperative workload, and as the fluoroscopy times gets longer, 
the nurse workload increases.

In addition to the mean total workload times (82.8 minute) found 
in this study, the mean workload of the general procedures per-
formed by CCL nurses at the start of the working day was found to 
be 31.8 minutes. In this regard, the total mean workload was found 
to be 114.6 minutes, and this value was close to the mean workload 
of 103 minutes found in the study of Amorosoa  et  al.25 “Diagnostic 
procedures” workload (65 minutes) and therapeutic procedures work-
load (131 minutes) reported in the same study were determined to 
be higher than the nurse workload in CA and PCI procedures in our 
study. This difference may be related to the method used in the work-
load calculation, the number of circulating nurses participating in 
the procedure, and the nursing activities assessed in the workload 
calculation. They also found that the average nurse workload time 
was 86 minutes for TRA access and 174 minutes for TFA access. They 
determined that CCL nurse workload was shorter in radial access, in 
elective procedures, in patients who underwent diagnostic proce-
dures only, and in single-vessel PCI applications. They reported the 
independent determinants that increase the nurse workload as femo-
ral access, failed radial access, multivessel interventions, interven-
tional procedures, procedure time, and emergency procedures.25
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In the study of Reed et al24 on CA and PCI cases, room turnover time 
between cases (the time between the previous patient’s discharge 
and the next patient’s arrival at CCL) was found to be 20.5 minute for 
2013, and after the improvements, it fell below the target <17 min-
utes in 2016 with 16.4 minutes. In this study, room turnover time was 
assessed through the total postoperative nurse workload. This time 
was 9.1 minutes in CA, 15.6 minutes in PCI, 22.0 minutes in PPMI, and 
41.3 minutes in PVI. When the 2 studies were compared, it could be 
stated that the room turnover time was longer, especially in PPMI and 
PVI, and the number of circulating per operation should be increased 
to bring the operational efficiency closer to the desired levels. In the 
same study,24 for the effectiveness and efficiency of CCL, nurses were 
asked to fill out a form in case of a room turnover time of >22 min-
utes and explain the reason for it. The reasons for the increased time 
between cases were identified as delays in patient preparation and 
recovery area (e.g. delays due to reasons such as signing the consent 
form, insertion of an intravenous catheter, and patient using the rest-
room). In addition, they found that communication problems among 
CCL nurses also caused delays. The reasons for the delays in the 
patient transfer were established as delays caused by the insufficient 
number of beds in the postoperative recovery room or service, delays 
in verbal communication and reporting between CCL and service 
nurses, and changes in the number of nurses working shifts. To avoid 
these delays, 3 nurses (or 2 nurses and a technician) were appointed 
to each CCL room with clearly defined duties (1 for admission of the 
new patient, another for the transfer of the old patient, and the third 
nurse to assist with the room turnover).24 In our study, no data were 
collected on the reasons that block the flow of the procedures in CCL, 
and it is evident from the experience of researchers that similar prob-
lems are experienced from time to time. Therefore, it is recommended 
that further research be undertaken in this area.

When the results in Figure 2 and Table 5 were examined, CCL nurse 
workload was found to be higher than both the total procedure time 
and fluoroscopy times. This analysis can provide a better understand-
ing of CCL nurse workload and help managers accurately define the 
workload when assigning nurses to CCL.

Conclusion
The total procedure times and fluoroscopy times of the procedures 
observed in the CCL where the study was conducted were found to be 
longer than the times in similar studies in the literature. Fluoroscopy 
times have a significant effect on nurse workload, especially in PCI, 
PPMI, and PVI. Fluoroscopy times closer to standard times will have 
an effect that reduces the workload. In addition, factors that affect 
the prolongation of fluoroscopy time such as the effect of long proce-
dure times on the occupational radiation exposure of nurses and the 
vessel type used need to be examined in other studies.

There was a clear inconsistency between the procedure volumes and 
the planned number of nurses in the CCL where the study was con-
ducted. We anticipate that if the 8 am-3 pm time interval, in which 71% 
of the procedures take place, is supported by at least 4 nurses, the 
process turnover rates in CA and PVI can be increased. And in this 
case, long-term interventions such as PPMI and PVI can be pulled to 
earlier hours. And in this case, long-term interventions such as KPM 
and PVG can be pulled to earlier hours. Based on the results of the 
study, it can be stated that the time intervals with high procedure 
volume during the day and procedure types must be considered when 

planning the work hours of the nurses and the number of nurses for 
the relevant time intervals. These regulations are necessary for the 
efficient use of the workforce already employed in these units which 
require a great deal of effort.

As a result of the absence of a radiologic technologist and an anes-
thesiologist in the CCL where the study was conducted, the duties of 
this personnel were undertaken by nurses and therefore nurse work-
load increased. In this regard, each CCL should evaluate the duties 
and responsibilities of non-physician staff, their workloads, and the 
number of personnel for these workloads.

Room turnover times were found to be longer than those recom-
mended in the literature, especially for PPMI and PVI. Increasing 
the number of circulating in these procedures will shorten the room 
turnover times and increase the efficiency of CCL. According to the 
results obtained from the study, it is recommended to support PPMI 
in the preoperative period, PCI in the intraoperative period, and PVI in 
the postoperative period with at least 3 circulating nurses.

The activities carried out by the nurses in the CCL where the study 
was conducted constituted a much higher workload than the total 
operation time and fluoroscopy times. Increasing the number of cir-
culating nurses participating in the procedures and planning them as 
≥2 will contribute to the sharing of activities, reduce the workload, 
shorten the room turnover times, and increase laboratory efficiency.

In future studies, it is recommended to examine the factors affecting 
fluoroscopy times for different interventional procedures, the rela-
tionships between “nursing activities, workload, and employment,” 
and the relationships between fluoroscopy times and radiation dose 
exposures. Studies assessing the factors affecting the efficiency of 
CCL in terms of effectiveness, cost, health, and manpower planning 
will contribute to the development of evidence-based standards in 
this field.
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University.
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