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Development and Evaluation of Evidence-Based Nursing Protocol for Extracorporeal Membrane
Oxygenation to Critically Il Patients
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Purpose: This study aimed to develop an evidence-based extracorporeal membrane oxygenation (ECMO) nursing protocol for critically ill
patients receiving ECMO treatment by using an adaptation process, and to verify the effects of the protocol. Methods: The protocol was
developed according to the adaptation guidelines, A non-randomized controlled trial was conducted to test the protocol’s effects, Data
were collected between April 2019 and March 2021. The differences in physiological indicators and complication rates between the two
groups were investigated using a chart review to evaluate patient outcomes. The nurses’ outcome variables were evaluated using a ques-
tionnaire, Results: First, after reviewing 11 guidelines by appraisal of the guidelines for research and evaluation collaboration I, 5 guidelines
with a standardization grade of over 50 points were selected. An ECMO nursing protocol was developed based on these guidelines. Second,
there were no statistically significant differences in physiological indicators between the two groups of patients. However, the experimental
group showed a statistically significant decrease in the infection rate (p = .026) and pressure injury rates (p = .041). The levels of satisfac-
tion with ECMO nursing care, and empowerment and performance of the nurses who used the ECMO nursing protocol were higher than
those of nurses who did not (p < .001). Conclusion: This protocol may help prevent infections and pressure injuries in patients, and im-
prove nurses satisfaction and empowerment. The nursing protocol developed for critically ill patients receiving ECMO treatment can be
utilized in evidence-based nursing practice.
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Records identified
through 1st
database search
(n=19,268)

Identification

Records identified
through 2nd
database search
(n=2)

Removed duplication
(n=16,918)

A

Records screened after
duplicates removed
(n =2,352)

Screening

A4

- The title includes ECMO,
but it is not relevant to this study

Reports excluded:

with reason (n = 2,352)
- Unrepresentative single author
o] (n=2380)

Full-text articles
assessed for eligibility
(n=97)

Eligibility

- Published without references
(n =576)
- No recency (n = 1,050)
- Revision in progress (n = 15)
- Limited to a specific area (n = 230)
- Original text not available (n = 101)

Full-text articles excluded,

| |

Studies included
(n=1)

Included

A4

with reasons (n = 86)
- Relevance low

ECMO = Extracorporeal membrane oxygenation.

Figure 1. Flow diagram of guideline selection.
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Table 1. ECMO Nursing Protocols

Scope Nursing care

Nursing action

Circuit managements
1. Circuit
maintenance

1) Application of
anticoagulant
and therapy to prevent
exchange of thrombus formation
circuits and manage circuit
coagulation
2) Maintaining
the function of
oxygenator membrane
during ECMO

treatment

3) Preventing pump
hemolysis

4) Maintaining the
catheter and lines

5) Monitoring the signs
of circuit change

Patient managements

1. Hemo- 1) Assessing if
dynamics hemodynamics is
maintained
2) Maintaining normal
hemodynamics
2. Ventilation 1) Assessing if ventilation

is maintained

2) Maintaining normal
ventilation

(1) Check for bleeding

(2) Maintain complete blood cell (CBC): hemoglobin > 10 g/dL, hematocrit > 30%, platelete >
50,000

(3) Maintain activated prothrombin time activated prothrombin time (aPTT): 55~75 sec

(4) Inject anticoagulant according to prescription

(1) Check pressure of pre and post membrane lung to evaluate the presence of clots in the
membrane

(2) Check for arterial blood gas analysis (ABGA) from post membrane and check level of Partial O,
saturation to evaluate membrane function

(3) Venoartery ECMO: check level of central venous oxygen saturation (ScvO,) from pre-

membrane

(4) Check for clots in oxygen membrane

(5) Check for the connection status of gas blender and oxygenator regularly

(1) Monitor the signs of pump hemolysis
1-1. Plasma hemoglobin > 50 mg/dL
1-2. Sudden elevated lactic dehydrogenase (LDH)
1-3. Changed urine color (hemoglobin urine)

(1) Immobilize the insertion site and check frequently

(2) Check the skin color of the insertion site

(3) Carefully observe whether the dressing has come off due to bleeding or exudation at the
insertion site

(4) Make sure that the catheter is not pulled or pressed during position change, patient
movement, or examination

(1) Check for circuit clotting resulting in decreased ECMO flow

(2) Check for the oxygenation membrane coagulation.

(3) Check for patient oxygenation (arterial O, saturation [Sa0,] < 85%) and post membrane
partial O, saturation [POZ] < 200 mmhg

(4) Check for patient CO, removal (partial CO, saturation [PCO,] > 50~60 mmhg) necessitating
fresh gas low >10 L/min

(5) Check for transmembrane pressure gradient (> 100 mmhg at ECMO flow 4 L/min)

(1) Check the pulse (in the case of veno-artery ECMO, if the flow revolutions per minute [RPM] is
high, the pulse may not be palpable); femoral or carotid pulse

(2) Check for cardiac output (CO) of ECMO (Determination of maintenance range based on how
much target cardiac output is)

(3) Check for edema

(4) Check for skin color (pink, dusky, mottled)

(5) Check for warmth of extrimities

(6) Monitor left ventricular contraction

(1) Check for ventilator setting
1-1. Check if trying to decrease to the target of fraction of inspired oxygen (Fi0,) < 30%
1-2. Setting positive end expiratory pressure (PEEP) usually set between 5~15 cm H,0
1-3. Setting low respiration rate
1-3. Setting low respiration rate
1-4. Setting long inspiratory time
1-5. Setting low plateau inspiratory pressure (under 30 cm H,0)
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Table 1. Continued
Scope Nursing care Nursing action
3. Body 1) Controling normal (1) Check for skin: chilling sense, febrile sense, coldness, muscle tremors
temperature body temperature (2) Recognize that sedation is necessary during hypothermic therapy: check for mental signs
(3) Use a warmer or cooler if necessary
(4) Control hidden fever: supply acetaminophen
4. Bleeding 1) Assessing signs of (1) Assess signs of bleeding (cannula insertion site, gastrointestinal bleeding)
bleeding (2) Hourly cannula site assessment: check that the catheter insertion site is firmly fixed
(
(

2) Preventing bleeding

5. Infection 1) Assessing signs of
infection

2) Preventing infection

6. Distal 1) Assessing distal
perfusion perfusion
2) Preventing limb
ischemia
7. Blood volume 1) Assessing blood
volume

2) Maintaining blood
volume

8. Neurologic 1) Checking neurologic

function function
9. Sedation 1) Assessing if sedatives
are needed

2) Applying effective
sedation

4) Maintain enteral feeding if tolerated; ulcer prophylaxis-supply H2 Blocker, proton pump
inhibitor (PPI)

(5) Check for blood loss strictly

(6) Ensure current cross matched pack red blood cell (PRBC) and give blood products as ordered

(1) Monitor infection, bleeding, inflammation on insertion site

(2) Aseptic and frequency dressing

(3) Start to administrate prophylactic antibiotics: appropriate antibiotic is applied according to
the culture result

(4) Consider exchanging catheters and circuits only when infection is caused by ECMO

(1) Check for color, coldness, pulse

1-1 Veno-artery femoral cannulation: the circulation of both legs must be carefully monitored
1-2. If necessary, insert a distal perfusion line
(1) Check for tubing chattering & swinging or kinking
1-1. Ensure adequate volume status: correct hypovolemia
1-2. Check for patient positioning
1-3. Check for cannula kinking
1-4. Check for malpositioned cannula
1-5. Check for cannula size
1-6. Inspect tubing and cannula for kinking
1-7. Ultra for presence of any thrombus/clotting
(2) Check for body weight and intake/output
(3) Check for daily complete blood cell
(1) Assess the pupil response at regular intervals
(2) Assess the GCS, motor the function
(3) Assess the pain and sedation scoring
(4) Recognition of sedation vacation is very important
(5) Elevate head to increase venous return
(6) Provide a stable and quiet environment
(7) If there is heavy sedation or neuro-muscular blockade: electroencephalogram (EEG) is
recommended for monitoring subclinical seizure activity
(1) Evaluate the patient's pain and sedation status through GCS and sedation scale

(2) Sedation is not absolutely mandatory for Veno-veno ECMO, but endotracheal intubation can
be implemented when necessary due to weakened spontaneous breathing

(3) Effective sedation prevents decannulation and perfusion line occlusion from patients pulling
on cannulas and tubes as patient's anxiety, motion, and coughing decrease through sedation
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Table 1. Continued

Scope Nursing care

Nursing action

10. Pressure 1) Checking to prevent

(1) Frequently check the circulation, sensation, and skin condition of areas that are easily pressed

3) Perform position change (log rolled) at least every two hours

4) Keep in mind circuit and cannula safety and direct turning. Be careful not to pull!

3) Monitor nutritional indicators (e.g., blood protein and albumin levels, body weight, etc.)

1) Connect the syringe to the 3-way attached to the sample port and open the 3-way

injury pressure injury by any pressure
(2) Use an effective mattress
(
(
11. Kidney 1) Checking kidney (1) Check for hour urine > 20 cc
function function (2) Monitor blood urea nitrogen/creatinine (BUN/Cr)
(3) Check for intake/output (I/0) balance
12. Nutrition 1) Assessing nutrition (1) Check nutritional status
(2) Check daily calorie intake
(
13. Blood 1) Blood sampling during  (
sampling ECMO (

2) Connect the syringe to the 3-way attached to the sample port and open the 3-way (be sure

to check that the circuit, the 3-way connection part, is tight)

(3) The required amount of blood should be drawn and collected after the blood drawn by

positive pressure is discarded
(4) Block the 3-way connected to the ECMO circuit
(5) Close the 3-way sample port and remove the syringe

ECMO = Extracorporeal membrane oxygenation; GCS = Glasgow coma scale.
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Table 2. Differences in General Characteristics between Experimental and Control Groups

Patients (N = 52)

Cont. (n = 26) Exp. (n = 26)

Variables Categories t/y? p-value
n (%) orM+SD n (%) or M +SD
Sex Male 22 (84.6) 22 (84.6) 0.00 >.999
Female 4 (15.4) 4 (15.4)
Age (yr) < 50 5(19.2) 4 (15.4) 1.45 6691
50~70 15 (57.7) 15 (57.7)
> 70 6(23.1) 7 (26.9)
Primary diagnosis Cardiology 19 (73.1) 17 (65.5) 1.77 .6201
Pulmonology 5(19.2) 7 (26.9)
Trauma 2(7.7) 1(3.8)
Postpartum 0(0.0) 1(3.8)
APACHE Il score 31.60 + 9.30 28.20 + 10.80 1.22 436
Mean arterial pressure (MAP, mmhg) 45.00 + 10.10 44.20 £ 11.10 1.37 772
Mean saturation of peripheral oxygen (Sp0,, %) 71.00 + 2.00 70.10 + 1.80 1.24 335
Mean body temperature (BT, C) 36.10 £ 1.10 35.90 = 1.00 1.18 .785
Braden scale (Initial) 10.50 + 1.80 10.20 £ 1.70 0.38 .296
Glasgow coma scale (Initial) 8.50 + 1.30 10.60 + 2.10 -1.78 .603
Pupil size (Initial, mm) 2.60 + 0.70 3.00 + 0.90 -1.23 641
Pupil light reflex (Initial) Yes 25 (96.1) 23 (88.5) 1.42 4921
No 1(3.9) 3(11.5)
Power 3.54+ 1.42 3.46 £ 1.55 0.19 .642
Hemoglobin (Initial, g/dL) 12.40 £ 2.19 11.10 + 1.88 -1.07 .394
Hematocrit (Initial, %) 37.60 £ 7.29 39.30 £ 6.92 0.29 930
ECMO Type Veno-artery type 21 (80.8) 20 (76.9) 0.16 734
Veno-veno type 5(19.2) 6(23.1)
ECMO duration (d) 6.35 + 7.04 6.58 + 5.87 -0.13 .898
Continuous renal replacement therapy (CRRT) 8 (30.8) 7 (26.9) 0.12 .761
Targeted temperature management (TTM, C) 5(19.2) 4 (15.4) 0.16 .853%
Nurses (N = 58) Cont. (n = 27) Exp. (n = 31)
Gender Men 2(7.4) 3(9.7) 0.09 759"
Women 25 (92.6) 28 (90.3)
Age (yr) 23~30 25 (92.6) 25 (80.6) 1.43 N7t
>30 2(7.4) 6 (19.4)
Education 3-year nursing college 0(0.0) 8 (25.8) 8.08 005t
4-year nursing college 27 (100.0) 23 (74.2)
Frequency of ECMO education 1.44 £ 0.50 1.77 £ 0.90 1.67 102
Frequency of evidence-based practice education 1.15 £ 0.50 1.26 £ 0.60 0.68 .502
Clinical total career (yr) 1.5~3 6(22.2) 5(16.2) 1.69 0591
4~6 20 (74.1) 21 (67.6)
7 or more 1(3.7) 5(16.2)
Average work experience in the current ICU career (yr) 1.5~3 6(22.3) 12 (38.7) 1.37 3261
4~6 20 (74.0) 17 (54.8)
7 or more 1(3.7) 2 (6.5)

Cont. = Control group; Exp. = Experimental group; M = Mean; SD = Standard deviation; APACHE Il = Acute Physiology and Chronic Health
Evaluation Il; ECMO = Extracorporeal membrane oxygenation; ICU = Intensive care unit.
*Fisher's exact test.
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Table 3. Differences in Dependent Variables between Experimental and Control Groups of Patients (V=52)

Variables

Cont. (n = 26) Exp. (n = 26)

Categories
M + SD or n (%)

tZy? p-value

M + SD or n (%)

Physiological outcomes
Mean arterial pressure (mmhg)
Mean saturation of peripheral oxygen (%)
Mean central venous oxygen saturation (mmhg)
Mean body temperature (C)

Adverse patient outcomes

Bleeding Yes
No
Infection Yes
No
Limb ischemia Yes
No
Hemolysis Yes
No
Hypovolume Yes
No
Neurologic complication Yes
No
Pressure injuries Yes
No

66.04 + 15.81 73.12+18.14 -1.49 692
96.73 + 2.03 95.65 + 3.14 1.12 261
63.15 + 13.56 64.65 + 10.56 - 044 101
36.63 + 1.16 36.16 + 1.40 0.54 589"
22 (84.6) 19 (73.1) 1.04 308t
4(15.4) 7 (26.9)
16 (61.5) 8(30.8) 4.95 026
10 (38.5) 18 (69.2)
20 (76.9) 20 (76.9) 0.00 > 999
6 (23.1) 6(23.1)
26 (100.0) 24 (92.3) 2.08 149t
0 (0.0) 2(7.7)
26 (100.0) 23 (88.5) 3.18 074t
0(0.0) 3(11.5)
15 (57.7) 16 (61.6) 0.80 777
1 (42.3) 10 (38.4)
10 (38.5) 4(15.4) 3.52 041t
16 (61.5) 22 (84.6)

Cont. = Control group; Exp. = Experimental group; M = Mean; SD = Standard deviation.

*Mann-Whitmey U test. " Fisher's exact test.
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Table 4. Difference in Dependent Variable between Experimental and Control Groups of Nurse (v =58)
Variable Categories Cont (n =27) Pl F p-value Group Time Group x Time
M+SDorn (%) M +SD orn (%) (p-value) (0-value) x* (p-value)
Implementation of Pre-test 35.44 +10.61 32.00 £9.21 0.01 .156
evidence-based Post-test 3415+ 11.03 33.97 £8.32
practice Difference - 1.30 + 10.87 1.97 + 5.55
Satisfaction of ECMO Pre-test 19.96 + 2.71 19.35 + 3.92 19.35"  <.001
nursing Post-test 19.78 £ 2.65 33.90 £ 0.91
Difference -0.19 £ 2.59 14.55 + 4.05
Empowerment of Pre-test 34.81 £ 4.44 37.81+7.22 335" <.001
ECMO nursing Post-test 3537 £ 4.72 57.39 + 2.36
Difference 0.56 + 4.36 19.58 + 8.04
Importance of ECMO Pre-test 76.07 £ 4.91 84.06 + 7.95 441" <.001
nursing practice Post-test 74.78 £ 5.63 94.00 + 0.82
Difference -1.30+ 237 9.94 + 8.21
Implementation Pre-test 7219 £ 5.71 78.90 £ 10.05 6.30"  <.001
of ECMO nursing Post-test 7496 + 7.72 93.19 £ 2.21
practice Difference 2.78 £ 6.38 14.29 + 10.12
Number of participants  Pre-test 8 (29.6) 15 (48.4) 1.48 (224) 0.00(>.999) 2.92(.087)
experienced medical  Post-test 8 (29.6) 6(19.4)

error

Cont. = Control group; Exp. = Experimental group; ECMO = Extracorporeal membrane oxygenation; M = Mean; SD = Standard deviation.
TANCOVA results in which nurse's education level was a covariate.
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