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Plastic and Aesthetic Nursing (PAN), the official 
journal of the International Society of Plastic and 
Aesthetic Nurses (ISPAN), publishes this column 
to provide accurate, evidence-based information 
about fundamental best practices for plastic and 
aesthetic nurses.

Traditionally, frostbite injury was considered a 
military phenomenon; however, with the in-
creased incidence of homeless individuals and 

people engaging in cold weather recreational activities, 
the occurrence of frostbite has become more common 
(Carceller et  al., 2019; Heil et  al., 2016; Murphy et  al., 
2000; Nguyen & Song, 2012). In a study to examine the 
incidence of frostbite in the general population, Mäkinen 
et al. (2009) found that the annual incidence of mild frost-
bite was 12.9% (men: 14.2%; women: 11.9%) and the an-
nual incidence of severe frostbite was 1.1% (men: 1.6%; 
women 0.6%). The researchers also found that frostbite 
occurred more often in men than in women and less of-
ten in individuals older than 65 years. Frostbite occurs 
most frequently among occupational workers exposed to 
physical strain and cold (e.g., agricultural, fishery), but 
may also occur in individuals during leisure activities. In 
a retrospective study of 241 patients, Schellenberg et al. 
(2020) reported a 3% mortality rate, with debridement 
and/or amputation required in 20% of patients.

According to Basit et al. (2022), factors that increase 
the risk for frostbite are numerous and include:

• the winter season,
• a lack of or inadequate shelter from the cold,
• a high wind chill factor,
• exposure to cold at a high altitude,
• prolonged exposure to cold,
• prolonged exposure to a wet condition,
• having an altered mental status,

• abusing alcohol or drugs,
• being malnourished,
• being immobilized,
• being very young or very old,
• being homeless,
• having a medical disorder such as diabetes, 

hypothyroidism, peripheral vascular disease, stroke, 
or arthritis, and

• smoking.

Plastic surgeons have a critical role in the management 
of patients with frostbite and must work with an interdis-
ciplinary team that includes skilled plastic surgical nurses 
to identify the best treatment route for optimal patient 
care. This column provides a review of the fundamentals 
of frostbite, including its pathophysiology, classification, 
and management. Using the search terms frostbite AND 
management AND surgery, Zaramo et al. (2022) conduct-
ed a literature review of 54 publications published before 
February 20, 2022, located in the PubMed and EMBASE 
databases. The majority of the information provided in 
this column was derived from this excellent review.

PATHOPHYSIOLOGY OF FROSTBITE
Frostbite occurs when the skin and tissues are exposed 
to temperatures beyond their freezing point (31.1 °F 
[–0.53 °C]). Exposure to extreme cold leads to peripheral 
vasoconstriction and intermittent cycles of vasodilation, 
which shunt the blood from the distal areas of the body to 
the central areas of the body (Regli et al., 2021; Rintamäki, 
2000). This causes the feet, hands, ears, lips, and nose to 
freeze (Regli et al., 2021; Rintamäki, 2000).

As the tissue freezes, extracellular ice crystals form, 
resulting in cellular lysis and dehydration, electrolyte 
imbalances, and microvascular damage (Zaramo et  al., 
2022). These processes eventually lead to tissue ischemia 
and necrosis (Handford et al., 2017; McIntosh et al., 2019; 
Regli et al., 2021). As shown in Figure 1, frostbite injuries 
occur in three stages:

1. Frostnip is a mild form of frostbite (Mayo Clinic, 2022). 
Ongoing exposure to cold leads to numbness in the affected 
area. As the patient’s skin begins to warm, they may com-
plain of pain and tingling (Mayo Clinic, 2022). Frostnip does 
not cause permanent skin damage (Mayo Clinic, 2022).

2. Superficial frostbite causes slight changes in skin color 
(Mayo Clinic, 2022). The patient’s skin may begin to feel 
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warm and swollen and the patient may complain of sting-
ing and burning (Mayo Clinic, 2022). This is actually a sign 
of serious skin involvement (Mayo Clinic, 2022).

3. Deep frostbite occurs as the frostbite injury progresses, affect-
ing all of the layers of the skin as well as the tissues that 
lie below the skin (Mayo Clinic, 2022). The patient’s skin 
turns white, yellow, blue or blue–gray, or mottled, and may 
also have a hard, waxy appearance (Handford et al., 2017; 
McIntosh et al., 2019; Murphy et al., 2000). The patient loses 
all sensation of cold, pain, or discomfort in the area and their 
joints and/or muscles may stop working (Zaramo et al., 2022). 
The tissue turns black and hard as it dies (Mayo Clinic, 2022).

After rewarming, the skin may be red and abnormally 
swollen with fluid (Zaramo et al., 2022). The appearance 
of clear, yellow, serosanguinous blisters is a late finding 
that typically indicates a favorable prognosis, whereas the 
appearance of small, dark, blood-filled blisters indicates a 
less favorable prognosis (Zaramo et al., 2022).

CLASSIFICATION OF FROSTBITE
The most current classification scheme for frostbite in-
juries was developed by Cauchy et al. (2001). This clas-
sification is based on the presence of lesions after re-
warming and radioactive uptake on bone scans, which 
are helpful in predicting bone and tissue loss and the 
risk for amputation. Using this classification, frostbite 
injuries are classified as

• Grade 1: No cyanosis on the extremity; no risk of 
amputation or sequelae predicted

• Grade 2: Cyanosis on the distal phalanx only; 
amputation of soft tissue and fingernail/toenail 
sequelae predicted

• Grade 3: Cyanosis on the intermediate and proximal 
phalanges; amputation of digit bone and functional 
sequelae predicted

• Grade 4: Cyanosis on the carpal/tarsal bones; 
amputation of the limb and functional sequelae 
predicted

Notably, these classifications can be challenging to 
assign because frozen tissue is difficult to examine, and 
assessing the depth of tissue damage may not be possible 
for several days to weeks (McIntosh et al., 2019). Like-
wise, frostbite lesions evolve slowly and may change in 
appearance after rewarming (McIntosh et al., 2019).

MANAGING FROSTBITE INJURIES
As soon as a frostbite injury is identified, the individuals 
caring for the patient should remove the patient from cold 
exposure and take off the patient’s wet clothing. Caregiv-
ers should avoid rubbing, massaging, and applying dry 
heat to the patient’s frostbitten skin, as this can result in 
further injury to the tissue (McIntosh et al., 2019). To pro-
tect the patient against further injury, caregivers should 
immobilize the affected area and gently wrap it with dry 
gauze (Zaramo et al., 2022). To prevent refreezing, which 
can lead to reperfusion injury, caregivers should keep the 
patient warm (Cauchy et al., 2016; Lorentzen et al., 2020).

The foundation of effective frostbite injury manage-
ment is rapid rewarming of the affected area in water 
(104  °F–107.6 °F [40 °C–42 °C]; Zaramo et al., 2022). Re-
warming should continue until the skin appears red or pur-
ple (Zaramo et al., 2022). This usually takes approximately 
15–60 min (Zaramo et al., 2022). To avoid fluctuating tem-
peratures and cooling of the water, which may cause ad-
ditional tissue damage, it is important to circulate the water 
used for rewarming (Zaramo et al, 2022). Caregivers should 
consider adding an antiseptic solution (e.g., chlorhexidine 
gluconate and povidone-iodine) to the water, as this will 
cause no harm and may help to reduce the bacterial load 
on the patient’s skin (McIntosh et al., 2019). Notably, cur-
rent literature does not recommend administering prophy-
lactic antibiotics except in cases of severe trauma, exposure 
to infectious contaminants, or for treatment of cellulitis or 
sepsis (Handford et al., 2017; McIntosh et al., 2019).

The patient may experience severe pain dur-
ing rewarming. Pain may be relieved by administering 

FIGURE 1. Stages of frostbite. This figure is available in color online (www.PANjournal.org).
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12-mg/kg ibuprofen twice daily, with a maximum dose 
of 2,400 mg per day (Ibrahim et al., 2015). In addition to 
its analgesic and anti-inflammatory effects, ibuprofen re-
duces prostaglandins and thromboxanes associated with 
thrombosis and ischemia (Ibrahim et al., 2015). Caregivers 
should also consider giving the patient a tetanus vaccine 
(McIntosh et al., 2019).

After rewarming, blisters may form. If the blisters are 
filled with a clear or cloudy fluid, caregivers may use a 
sterile needle to drain the blisters (Heggers et al., 1987; 
McIntosh et al., 2019). This is desirable because the flu-
id may contain prostaglandins and thromboxanes that 
may damage the underlying tissue (Heggers et al., 1987; 
McIntosh et al., 2019). After draining the blisters, caregiv-
ers may apply topical aloe vera to decrease prostaglandins 
and thromboxanes, which may improve tissue survival 
(Golant et al., 2008; Imray et al., 2009; McIntosh et al., 
2019). If the blisters are filled with blood, they should be 
left alone and not drained as this is a sign of deeper tis-
sue damage (Heggers et al., 1987; McIntosh et al., 2019). 
Caregivers should loosely wrap the affected area with dry, 
sterile dressings and place padding or dressing material 
between the affected fingers or toes to prevent friction 
(McIntosh et al., 2019).

One major challenge in managing frostbite is deter-
mining the extent of injury and preserving as much tis-
sue as possible (Zaramo et al., 2022). Multiple imaging 
techniques may be appropriate for this purpose (Zaramo 
et  al., 2022). X-ray is useful for assessing for fractured 
bones, penetrating trauma, or foreign bodies (Cauchy 
et al., 2001; Murphy et al., 2000). Doppler imaging and 
angiography may be useful for assessing vessel paten-
cy (Zaramo et  al., 2022). Bone scans using technetium 
99m-labeled diphosphonate and single-photon emis-
sion computed tomography combined with conventional 
computed tomography can be used to assess the depth 
of injury, tissue viability, and the need for thrombolytics 
(Zaramo et  al., 2022). Administering thrombolytics may 
improve tissue perfusion and decrease the need for am-
putation (Bruen et al., 2007; Cauchy et al., 2011; Ibrahim 
et al., 2015; Jones et al., 2017; Poole et al., 2021; Tavri 
et al., 2016; Twomey et al., 2005). Bone scans can also be 
used to guide surgical management and predict the need 
for amputation (Zaramo et al., 2022).

Grade 1 frostbite injuries should heal without a need 
for surgery; however, Grade 2, 3, and 4 frostbite injuries 
often require surgical repair (Hutchison, 2014). Recon-
structive strategies must be tailored to each patient’s situ-
ation (Zaramo et al., 2022). Surgical repair may involve 
debridement, fasciotomy for compartment syndrome, 
surgical salvage with revascularization, dermal tissue 
grafts, local flaps, or free flaps (Classen, 2000; Fisher 
et al., 2019; Handford et al., 2017; Leonard et al., 2001; 
Shenaq & Gottlieb, 2017). Notably, caregivers should sus-
pect compartment syndrome in patients who complain of 

pain disproportionate to the injury (Zaramo et al., 2022). 
As compartment pressures increase, it causes further isch-
emic damage to the nerves and muscle (Brandão et al., 
2018; Mohr et al., 2009).

Frostbite of the hand often requires complex recon-
structive surgery with a goal of preserving digital length 
and restoring form and function (Brandão et  al., 2018; 
Joshi et al., 2020; Shenaq & Gottlieb, 2017).

Frostbite injury most commonly occurs on the foot 
(Zaramo et al., 2022). To restore optimal form and func-
tion, surgical reconstruction of the foot is often necessary 
(Fodor et  al., 2016). Surgical reconstruction of the foot 
is complex and often requires the use of flaps that have 
sufficient skin composition, turgor, and padding to main-
tain flexibility and support for walking (Classen, 2000; 
Simman & Abbas, 2021).

Patients who sustain frostbite injury may suffer from 
long-term complications including neuropathy, chronic 
pain, cold, hypersensitivity, hyperhidrosis, and functional 
impairment (Regli et al., 2021). Managing these long-term 
complications can be challenging; therefore, it is impor-
tant to involve chronic pain specialists early in the treat-
ment process (Handford et al., 2017; Hutchison, 2014). 
Likewise, medications such as amitriptyline, gabapentin, 
duloxetine, topical capsaicin, and onabotulinumtoxinA 
may be beneficial (Handford et al., 2017; Hutchison, 2014; 
Khan et al., 2008; Regli et al., 2021).

Plastic and reconstructive surgeons play a primary role 
in managing frostbite injuries. To improve patient satisfac-
tion and outcomes, plastic surgical nurses must be well 
versed in frostbite management.

If you are a plastic or aesthetic nurse and would 
like to write about an issue of fundamental impor-
tance to plastic or aesthetic nurses, or if you would 
like to see your issue presented in a future Fun-
damentals of Plastic and Aesthetic Nursing Practice 
column of PAN, please contact Sharon Ann Van 
Wicklin, Editor-in-Chief at sharonvwrn@ispan.org.
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Editor-in-Chief, Plastic and Aesthetic Nursing

REFERENCES
Basit, H., Wallen, T. J., & Dudley, C. (2022, June 27). Frostbite. In 

StatPearls [Internet]. Retrieved January 21, 2023, from https://
www.ncbi.nlm.nih.gov/books/NBK536914/#:∼:text=Traditi
onally%2C%20frostbite%20has%20a%20staging,thickness%20
of%20skin%2C%20hemorrhagic%20blisters

Brandão, R. A., St John, J. M., Langan, T. M., Schneekloth, B. J., & 
Burns, P. R. (2018). Acute compartment syndrome of the foot due 
to frostbite: Literature review and case report. Journal of Foot 
and Ankle Surgery, 57(2), 382–387. https://doi.org/10.1053/j.
jfas.2017.07.005

Bruen, K. J., Ballard, J. R., Morris, S. E., Cochran, A., Edelman, L. S., & 
Saffle, J. R. (2007). Reduction of the incidence of amputation in 
frostbite injury with thrombolytic therapy. Archives of Surgery, 
142(6), 546–551. https://doi.org/10.1001/archsurg.142.6.546

https://www.ncbi.nlm.nih.gov/books/NBK536914/#:~:text=Traditionally%2C%20frostbite%20has%20a%20staging,thickness%20of%20skin%2C%20hemorrhagic%20blisters
https://doi.org/10.1053/j.jfas.2017.07.005


Copyright © 2023 International Society of Plastic and Aesthetic Nurses. Unauthorized reproduction of this article is prohibited.

Fundamentals of Plastic and Aesthetic Nursing

Plastic and Aesthetic Nursing www.PANjournal.org 67

Carceller, A., Javierre, C., Ríos, M., & Viscor, G. (2019). Amputa-
tion risk factors in severely frostbitten patients. International 
Journal of Environmental Research and Public Health, 16(8), 
E1351. https://doi.org/10.3390/ijerph16081351

Cauchy, E., Chetaille, E., Marchand, V., & Marsigny, B. (2001). 
Retrospective study of 70 cases of severe frostbite lesions: A 
proposed new classification scheme. Wilderness & Environ-
mental Medicine, 12(4), 248–255. https://doi.org/10.1580/1080-
6032(2001)012[0248:rsocos]2.0.co;2

Cauchy, E., Cheguillaume, B., & Chetaille, E. (2011). A controlled tri-
al of a prostacyclin and rt-PA in the treatment of severe frostbite. 
New England Journal of Medicine, 364(2), 189–190. https://doi.
org/10.1056/NEJMc1000538

Cauchy, E., Davis, C. B., Pasquier, M., Meyer, E. F., & Hackett, P. H. 
(2016). A new proposal for management of severe frostbite in 
the austere environment. Wilderness & Environmental Medi-
cine, 27(1), 92–99. https://doi.org/10.1016/j.wem.2015.11.014

Classen, D. A. (2000). Free flap coverage of bilateral frostbite of 
the feet. Plastic and Reconstructive Surgery, 106(6), 1316–1320. 
https://doi.org/10.1097/00006534-200011000-00013

Fisher, O. L., Benson, R. A., Venus, M. R., & Imray, C. H. E. (2019). 
Pedicled abdominal flaps for enhanced digital salvage after 
severe frostbite injury. Wilderness & Environmental Medicine, 
30(1), 59–62. https://doi.org/10.1016/j.wem.2018.09.003

Fodor, M., Bota, O., & Fodor, L. (2016). Simultaneous extended 
ALT flaps for foot salvage after severe frostbite. Journal of 
Burn Care Research, 37(4), e383–e386. https://doi.org/10.1097/
BCR.0000000000000300

Golant, A., Nord, R. M., Paksima, N., & Posner, M. A. (2008). Cold 
exposure injuries to the extremities. Journal of the American 
Academy of Orthopedic Surgery, 16(12), 704–715. https://doi.
org/10.5435/00124635-200812000-00003

Handford, C., Thomas, O., & Imray, C. H. E. (2017). Frostbite. Emer-
gency Medical Clinics of North America, 35(2), 281–299. https://
doi.org/10.1016/j.emc.2016.12.006

Heggers, J. P., Robson, M. C., Manavalen, K., Carethers, J. M., Boert-
man, J. A., Smith, D. J., Jr., & Sachs, R. J. (1987). Experimental and 
clinical observations on frostbite. Annals of Emergency Medicine, 
16(9), 1056–1062. https://doi.org/10.1016/s0196-0644(87)80758-8

Heil, K., Thomas, R., Robertson, G., Porter, A., Milner, R., & Wood, A. 
(2016). Freezing and nonfreezing cold weather injuries: A sys-
tematic review. British Medical Bulletin, 117(1), 9–93. https://
doi.org/10.1093/bmb/ldw001

Hutchison, R. L. (2014). Frostbite of the hand. Journal of Hand Sur-
gery, 39(9), 1863–1868. https://doi.org/10.1016/j.jhsa.2014.01.035

Ibrahim, A. E., Goverman, J., Sarhane, K. A., Donofrio, J., Walker, T. 
G., & Fagan, S. P. (2015). The emerging role of tissue plasmino-
gen activator in the management of severe frostbite. Journal of 
Burn Care Research, 36(2), e62–e66. https://doi.org/10.1097/
BCR.0000000000000135

Imray, C., Grieve, A.,  Dhillon, S., & Caudwell Xtreme Everest Re-
search Group. (2009). Cold damage to the extremities: Frostbite 
and non-freezing cold injuries. Postgraduate Medical Journal, 
85(1007), 481–488. https://doi.org/10.1136/pgmj.2008.068635

Jones, L. M., Coffey, R. A., Natwa, M. P., & Bailey, J. K. (2017). The use 
of intravenous tPA for the treatment of severe frostbite. Burns, 
43(5), 1088–1096. https://doi.org/10.1016/j.burns.2017.01.013

Joshi, K., Goyary, D., Mazumder, B., Chattopadhyay, P., Chakraborty, R., 
Bhutia, Y. D., Karmakar, S., & Dwivedi, S. K. (2020). Frostbite: Cur-
rent status and advancements in therapeutics. Journal of Thermal 
Biology, 93, 102716. https://doi.org/10.1016/j.jtherbio.2020.102716

Khan, M. I., Tariq, M., Rehman, A., Zafar, A., & Sheen, S. N. (2008). 
Efficacy of cervicothoracic sympathectomy versus conservative 
management in patients suffering from incapacitating Raynaud’s 
syndrome after frost bite. Journal of Ayub Medical College, Ab-
bottabad, 20(2), 21–24.

Leonard, L. G., Daane, S. P., Sellers, D. S., Zamora, S., & Swensen, 
L.  S. (2001). Salvage of avascular bone from frostbite with 
free tissue transfer. Annals of Plastic Surgery, 46(4), 431–433. 
https://doi.org/10.1097/00000637-200104000-00014

Lorentzen, A. K., Davis, C., & Penninga, L. (2020). Interventions for 
frostbite injuries. Cochrane Database of Systematic Reviews, 12(12), 
CD012980. https://doi.org/10.1002/14651858.CD012980.pub2

Mäkinen, T. M., Jokelainen, J., Näyhä, S., Laatikainen, T., Jousilahti, 
P., & Hassi, J. (2009). Occurrence of frostbite in the general 
population—work-related and individual factors. Scandina-
vian Journal of Work, Environment & Health, 35(5), 384–393. 
https://doi.org/10.5271/sjweh.1349

Mayo Clinic. (2022, April 27). Frostbite. Retrieved January 21, 2022, 
from https://www.mayoclinic.org/diseases-conditions/frostbite/
symptoms-causes/syc-20372656

McIntosh, S. E., Freer, L., Grissom, C. K., Auerbach, P. S., Rodway, 
G.  W., Cochran, A., Giesbrecht, G. G., McDevitt, M., Imray, 
C. H., Johnson, E. L., Pandey, P., Dow, J., & Hackett, P. H. (2019). 
Wilderness medical society clinical practice guidelines for the 
prevention and treatment of frostbite: 2019 update. Wilder-
ness & Environmental Medicine, 30(4S), S19–S32. https://doi.
org/10.1016/j.wem.2019.05.002

Mohr, W. J., Jenabzadeh, K., & Ahrenholz, D. H. (2009). Cold in-
jury. Hand Clinics, 25(4), 481–496. https://doi.org/10.1016/j.
hcl.2009.06.004

Murphy, J. V., Banwell, P. E., Roberts, A. H., & McGrouther, D. A. (2000). 
Frostbite: Pathogenesis and treatment. Journal of Trauma, 48(1), 
171–178. https://doi.org/10.1097/00005373-200001000-00036

Nguyen, T. Q., & Song, D. H. (2012). Pathophysiologic difference 
between frostbite and burn injury and implications for thera-
py. Journal of Surgical Research, 174(2), 247–249. https://doi.
org/10.1016/j.jss.2011.03.066

Poole, A., Gauthier, J., & MacLennan, M. (2021). Management of se-
vere frostbite with iloprost, alteplase and heparin: A Yukon case 
series. CMAJ Open, 9(2), E585–E591. https://doi.org/10.9778/
cmajo.20200214

Regli, I. B., Strapazzon, G., Falla, M., Oberhammer, R., & Brugger, 
H. (2021). Long-term sequelae of frostbite—a scoping review. 
International Journal of Environmental Research and Public 
Health, 18(18), 9655. https://doi.org/10.3390/ijerph18189655

Rintamäki, H. (2000). Predisposing factors and prevention of frostbite. 
International Journal of Circumpolar Health, 59(2), 114–121.

Schellenberg, M., Cheng, V., Inaba, K., Foran, C., Warriner, Z., Trust, 
M. D., Clark, D., & Demetriades, D. (2020). Frostbite injuries: In-
dependent predictors of outcomes. Turkish Journal of Surgery, 
36(2), 218–223. https://doi.org/10.5578/turkjsurg.4632

Shenaq, D. S., & Gottlieb, L. J. (2017). Cold injuries. Hand Clinics, 
33(2), 257–267. https://doi.org/10.1016/j.hcl.2016.12.003

Simman, R., & Abbas, F-T. (2021). Foot wounds and the reconstruc-
tive ladder. Plastic and Reconstructive Surgery Global Open, 
9(12), e3989. https://doi.org/10.1097/GOX.0000000000003989

Tavri, S., Ganguli, S., Bryan, R. G., Jr., Goverman, J., Liu, R., Ira-
ni, Z., & Walker, T. G. (2016). Catheter-directed intraarterial 
thrombolysis as part of a multidisciplinary management pro-
tocol of frostbite injury. Journal of Vascular and Interven-
tional Radiology, 27(8), 1228–1235. https://doi.org/10.1016/j.
jvir.2016.04.027

Twomey, J. A., Peltier, G. L., & Zera, R. T. (2005). An open-la-
bel study to evaluate the safety and efficacy of tissue plas-
minogen activator in treatment of severe frostbite. Journal 
of Trauma, 59(6), 1350–1354. https://doi.org/10.1097/01.
ta.0000195517.50778.2e

Zaramo, T. Z., Green, J. K., & Janis, J. E. (2022). Practical review of 
the current management of frostbite injuries. Plastic and Re-
constructive Surgery Global Open, 10(10), e4618. https://doi.
org/10.1097/GOX.0000000000004618

The test for this nursing continuing professional development activity can 
be taken at www.NursingCenter.com/CE/PSN. 

https://doi.org/10.1580/1080-6032(2001)012[0248:rsocos]2.0.co;2
https://doi.org/10.1056/NEJMc1000538
https://doi.org/10.1097/BCR.0000000000000300
https://doi.org/10.5435/00124635-200812000-00003
https://doi.org/10.1016/j.emc.2016.12.006
https://doi.org/10.1097/BCR.0000000000000135
https://www.mayoclinic.org/diseases-conditions/frostbite/symptoms-causes/syc-20372656
https://doi.org/10.1016/j.wem.2019.05.002
https://doi.org/10.1016/j.hcl.2009.06.004
https://doi.org/10.1016/j.jss.2011.03.066
https://doi.org/10.9778/cmajo.20200214
https://doi.org/10.1016/j.jvir.2016.04.027
https://doi.org/10.1097/01.ta.0000195517.50778.2e
https://doi.org/10.1097/GOX.0000000000004618
http://www.NursingCenter.com/CE/PSN

