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a b s t r a c t 

Background: In microsurgical tissue transfer, skin flap transplan- 

tation is frequently used to heal the surface of a wound. Effective 

microcirculation surveillance of the skin flap is crucial. However, 

with traditional monitoring methods—that is, clinical observation—

vascular crisis can still occur, thereby impairing postoperative re- 

covery. A smartphone application is required to assist health care 

professionals in the standardized collection of flap perfusion pa- 

rameters for flap management. 

Methods: The Vascular Crisis Prewarning Application was created 

using a design science research methodology that prioritizes users 

and problems. The system usability scale was used to assess the 

application’s usability among medical practitioners. The application 

was used at the clinic from December 2020 to September 2022. 

The unplanned return to the operating room, time to diagnose vas- 
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cular crisis, and flap survival rate were compared with and without 

the application. 

Results: The application consisted of 5 modules: patient addition 

and basic information entry, flap labeling, flap observation, crisis 

warning, and case archiving. The average rating for the applica- 

tion’s usability among medical practitioners was 97.95 score (SD 

2.36). With the application, the time to detect vascular crisis re- 

duced from 26.71 to 16.26 h ( P < 0.001), the unplanned return to 

the operation room increased from 8.18% to 10.24% ( P = 0.587), and 

the flap survival rate went from 94.55% to 99.21% ( P = 0.083). 

Conclusions: An easy-to-use flap perfusion monitoring and pre- 

warning application for medical practitioners was produced using 

a user-centered development method. The application provided a 

more standardized and accurate platform for data collection in flap 

management and reduced the time to detect vascular crisis. Larger 

cohort studies are required in the future to better assess the full 

potential of the application. 

© 2023 The Authors. Published by Elsevier Ltd on behalf of British 

Association of Plastic, Reconstructive and Aesthetic Surgeons. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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Flap transplantation has been widely applied to repair wound surfaces and restore the recipient

ite shape and physiological function. 1-2 However, microvascular tissue transfer takes a long time to

perate, and flap failures cannot be avoided, thereby putting patients at risk of re-transplantation or

ven amputation. 3 Survival rates for compromised flaps are inversely related to the time interval be-

ween the onset of vascular occlusion and exploration. 4 The success of surgical revascularization de-

ends on both high-quality perfusions of the flap and rapid identification and salvaging of the failing

ap. 5 Therefore, effective postsurgical nurse monitoring and prewarning of transplanted flap ischemia

r congestion is an important aspect of perioperative care, thereby placing demands on clinical care. 6

Clinical bedside observation by experienced nurses has long served as the standard for assess-

ng postoperative flap perfusion, 7 , 8 which is highly subjective and depends on the experience of the

urse. 9 The aspects of observation mainly include flap color, temperature, capillary refill, turgor, and

leeding characteristics. 10-12 Without a good unified system to guide postoperative monitoring and

rewarning, the quality and work efficiency of nurses are likely to be hampered. There have been

umerous advances in flap monitoring techniques over the last 3 decades. These techniques can be

lassified—among other attributes—according to their monitoring mechanism (measurement of vas-

ular flow or tissue ischemia), the timing of use (intraoperative or postoperative), and invasiveness

noninvasive or invasive). Despite their effectiveness, these techniques—such as laser doppler flowme-

ry, near-infrared spectroscopy, and tissue oximetry—are costly and require specialized training to use.

herefore, they are rarely applied in resource-limited settings, and most surgeons prefer “conventional

echniques.”4 , 13 In 2015, Kidakorn developed an Android mobile application called SlipaRamanitor for

ostoperative free flap monitoring. Photographs of the transplanted free flap are taken and compared

or color difference. 14 The clinical efficacy of SlipaRamanitor suggests a way forward for finding a

edical solution through mobile phone technology. However, being limited to the small area of the

kin that is monitored, the application is unable to assess the viability of every part of the tissue in

he flap, which reduces the accuracy of this method. 15 

The increased use of smartphones and mobile technology has ushered in a new era of flap care

onitoring techniques. 5 In addition, there is an emerging trend to combine traditional flap moni-

oring techniques—such as tissue oximetry—with mobile alert systems to provide real-time feedback,
110 
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Figure 1. User participated in the design process customized for the clinical application case. 
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hereby increasing objectivity and reducing the time taken to detect flap failure. 16 However, there

emain deficiencies in continuous care monitoring and the management of flap vascular crisis. A clin-

cally reliable and easy-to-use postoperative flap monitoring and prewarning mobile application is of

reat value and needs to be designed and developed. 

In this study, we developed the Vascular Crisis Prewarning Application (VCPWApp) and decom-

osed the management process of vascular crisis for prewarning and management after flap trans-

lantation. We aimed to share the design and development process of the VCPWApp, its structure,

unctions, current implementation status, and the results of the evaluation of its use, with the objec-

ive of providing a reference point for other medical practitioners. 

ethods 

tudy Design 

This study included 2 phases—application development and evaluation. The first phase involved

he design and development of the VCPWApp. The second phase assessed the sustainability and ef-

ectiveness of the VCPWApp. 

All doctors and nurses from the Department of Hand and Microsurgery at XX hospital were se-

ected as co-creators for the duration of our project. This department has the highest number of pa-

ients with flap transplant in our hospital. We began with the identification of requirements, followed

y the iterative development and evaluation phases. 

ser Participation Design Framework 

Similar to applications in a specific domain, there is inevitably a large knowledge and cognitive

ap between target users, technologists, and designers in the field of smart health care. How to effec-

ively engage target users—that is, doctors and nurses—so that the final design output can be tailored

o clinical practice and context was an important issue to address at the beginning of this research.

he user-centered design framework of “explore, design, and evaluate” clarifies user requirements and

esign solutions for technological feasibility and usability. In addition, it enables the successful in-

olvement of target users, technologists, and key stakeholders in the product design and develop-

ent process. 17 , 18 However, as a design case for smart medical care involves highly specialized clin-

cal knowledge and complicated clinical use cases, a more rapid and iterative “explore, design, and

valuate” user-centered design and development process is required (see Figure 1 ). 

On the basis of the customized design framework, the aim of this research was to clarify the cur-

ent clinical issues and needs in the postoperative flap monitoring and prewarning process. In addi-
111 
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ion, an attempt was made to process an innovative flap postsurgical prewarning mobile application

olution. Various main use cases, functions, user interface features, and workflow models in the so-

ution were enriched to fit into clinical practice through an iterative loop among contextual probes,

esign, and review. Then, an attempt was made to design and prioritize the user interface flow, layout,

nd visuals through a cognitive walkthrough of doctors and nurses on prototypes to meet the user’s

perational expectations. Finally, confirmation and additions were made of certain special medical

ases in clinical practice for a version update of the application. 

dentification of Requirements 

The entire process was initiated with the identification of needs. In-depth interviews with med-

cal professionals were conducted to obtain a better understanding of the workflow, challenges, and

equirements of the existing skin flap management procedure. The interviews focused on the follow-

ng 3 aspects: a) current workflows for standard postoperative skin flap care; b) current workflows

or prewarning of vascular crisis; and c) participants’ needs with regard to the design of a mobile

pplication for prewarning of vascular crisis. 

evelopment Process 

The iterative user-centered development process was initiated as a result of the first need. 19 Mock-

ps were created at the beginning of the development process, including the specifications identified

n the previous cycle. 20 The project team discussed the mock-ups to confirm them. Thereafter, the

unctional prototype was created by utilizing the verified evolutions, which were then put to the test

hrough functional evaluations. The ability of the application to meet the defined end-user needs was

hen determined by comparing the actual and anticipated outcomes. 

valuations 

sability of the VCPWApp 

The system usability scale (SUS), 21 a straightforward five-point Likert scale used to create an

verview of a system’s usability, 22 was used to measure the usability of the application. Higher rat-

ngs imply better usability. SUS scores range from 0 to 100. In-depth analyses of the SUS by Bangor

t al. found that a system must score over 70 to be deemed adequate, at least. Better systems will

ikely score in the high 70s and high 80s, and scores above 90 indicate a truly superior system. 23 The

uthors also made the case that any system that scores below 70 needs more usability testing and

ngoing development. In addition, the users should have used the application for more than a month.

ualified users were invited to participate in the scale. Perceived usage during the study and general

omments were also collected. 

linical Trial: Comparative Study 

A convenience sampling method was used to select patients who were admitted to the Hand Mi-

rosurgery Department from March 2018 to September 2022. Patients with flap transplant from De-

ember 2020 to September 2022 were managed using the VCPWApp for flap care, whereas patients

ith flap transplant from March 2018 to November 2020 were managed using the traditional method

f clinical observation (observing temperature, swelling, discoloration, and capillary filling every hour

or the first 3 days postoperatively and every 4 hours for 4 to 7 days postoperatively). Inclusion crite-

ia: identified for skin flap grafting. The exclusion criteria were as follows: (i) combined with serious

omplications, such as cardiac disfunction, malignancy, etc.; (ii) missing important information; and

iii) transferred to another hospital midway after surgery or discharged automatically. 24 

Unplanned return to the operating room, time to detect vascular crisis, and flap survival rates were

sed as the quality and performance indicators of the VCPWApp. Unplanned return to the operating

oom was defined as any return to the operating room that was not anticipated at the time of the

rimary operative procedure. This excludes patients with planned return to the operating room for

easons such as delayed reconstruction or flap revisions. 25 The time to detect vascular crisis refers to
112 
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he time taken to detect a flap vascular crisis after microsurgical reconstruction. The flap survival rate

efers to the number of patients with active flaps as a percentage of all patients with flap transplant.

 graft flap that heals on its own or whose blood perfusion is well managed by timely treatment is

onsidered to be alive. 

tatistical Analysis 

Descriptive data for the SUS score, unplanned returns to the operating room, time to detect vascu-

ar crisis, and flap survival rate were prospectively collected. Data were analyzed using SPSS version

2 (IBM, USA). Differences in the distribution of patient demographics and outcome measures were

alculated using t- tests or chi-square tests. Statistical significance was set at P value of ≤0.05. 

esults 

dentification of Requirements 

To provide a reference for predicting vascular crisis, postsurgical flap monitoring images need to

e captured at the same angle and distance as the images captured by doctors to enable consistent

omparison. In addition, a dynamic monitor parameter curve graph is required for an overview of the

ap status and the access to images. In addition, video recording, uploading, and analysis are required

o review capillary refill and skin turgor. 

obile Application Solution Design 

On the basis of the abovementioned clinical requirements, the main flap use cases that are to be

overed in this mobile application are defined and decided. Its targets include regular and irregular

ap shapes of different sizes. By involving doctors, nurses, and technologies, the postsurgical monitor-

ng and prewarning mobile application solution for the skin flap is proposed (see Figure 2 ). 

he User Interface Function and Features Design 

On the basis of the user-participated mobile application solution, the user interface functions, main

ser interface screens, and user interface features of regular and irregular skin flap use cases were

reated (see Figure 3 ). Through reviews of the design from doctors and nurses, more detailed clini-

al requirements for user interface features and flow were clarified with relevant clinical knowledge

pplied in the user interface design. In addition, using the iterative loop among probe, design, and

eview, the feature list and the flow model of the user interface are enriched to fit clinical practice.

ubsequently, this feature list was reviewed by developers for software development feasibility. 

he User Interface Design Prototypes and Cognitive Walkthrough 

We created a blueprint specification based on the confirmed functions, feature lists, key user inter-

ace screens, and workflow models. Subsequently, we conducted an iterative cognitive walkthrough of

he blueprint specification by doctors and nurses to confirm and prioritize the specification. The func-

ional modules and workflow were finally clarified in the following manner. (i) Patient addition and

asic information entry module: once the patient is confirmed for skin flap transplantation, the nurse

rst enters the patient’s basic information in the VCPWApp, including inpatient number, name, age,

ender, bed number, admission time, charge nurse, charge doctor, name of surgery, date of surgery,

tc. The information related to the surgery is usually added by the doctor one day before the surgery.

ii) Flap labeling module: after the surgery, the doctor captures the recipient site of this patient at a

istance of 35–50 cm parallel to the flap by referring to the ideal capture hint in the viewfinder. The

octor labels the image with the point of penetration and the location of the proximal and distal end

f the vessel tip, thereby providing an original reference for postoperative perfusion monitoring and

dentification of vascular crisis. (iii) Flap observation module: after the patient returns to the ward
113 
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Table 1 

Medical professionals’ demographic and clinical characteris- 

tics ( n = 28). 

Characteristics Statistics 

Sexuality 

Male (%) 13 (46.4) 

Female (%) 15 (53.6) 

Age (years) 

21–30 8 (28.6) 

31–40 14 (50.0) 

41–50 6 (21.4) 

Table 2 

The system usability scale score of the VCPWApp ( n = 28). 

SUS a analysis item 

Value per 5-point Likert scale response b , n (%) 

1 2 3 4 5 

I think that I would like to use this system 

frequently. 

0 0 0 1 (3.6) 27 (96.4) 

I found the system unnecessarily complex. 26 (92.9) 1 (3.6) 1 (3.6) 0 0 

I thought the system was easy to use. 0 0 0 1 (3.6) 27 (96.4) 

I think that I would need the support of a 

technical person to be able to use this system. 

26 (92.9) 2 (7.1) 0 0 0 

I found the various functions in this system 

were well integrated. 

0 0 1 (3.6) 1 (3.6) 26 (92.9) 

I thought there was too much inconsistency 

in this system. 

26 (92.9) 1 (3.6) 1 0 0 

I would imagine that most people would 

learn to use this system very quickly. 

0 0 0 1 (3.6) 27 (96.4) 

I found the system very cumbersome to use. 25 (89.3) 2 (7.1) 1 (3.6) 0 0 

I felt very confident using the system. 0 0 1 (3.0) 1 (3.6) 26 (92.9) 

I needed to learn a lot of things before I 

could get going with this system. 

26 (92.9) 2 (7.1) 0 0 0 

a SUS: System Usability Scale. 
b From 1 (“Do not agree at all”) to 5 (“Completely agree”). 
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rom the operating room, the nurse monitors and records the perfusion of the flap in the form of

ata, pictures, and video, including temperature, color, skin turgor, and capillary reflux at a frequency

onsistent with traditional clinical observation. During this period, the nurse determines whether the

ap is in a vascular crisis based on the observation records and decides whether or not to notify

he doctor. (iv) Crisis warning module: the doctor receives an alert message from the nurse on the

CPWApp, checks the perfusion and previous observation records of the flap, and prepares medical

rescriptions. Thereafter, the nurse reviews the doctor’s diagnosis and prescriptions for the flap, per-

orms the appropriate operation, and records. (v) Case archiving module: when the nurse is done

bserving the patient’s condition, the VCPWApp automatically archives the patient’s information and

enerates relevant data forms in the background. 

valuation 

sability 

The application was provided to medical practitioners on institutional smartphones. A total of 28

octors and nurses participated in the survey (see Table 1 ). Table 2 presents the results of all partic-

pants for the SUS items. For all participants, the total mean score for the SUS scale was 97.95 (SD

.36), which would, according to Bangor et al., 23 qualify as a successful system. Each item can have a

core contribution between 0 and 4. All the items scored above 3. 
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Table 3 

Comparison of the clinical indicators between the 2 groups (case [percent, %]). 

Group Cases Unplanned return to operation 

room (case [percent, %]) 

Time to detect 

vascular crisis (h) 

Success (case 

[percent, %]) 

Without VCPW 110 9 (8.18) 26.71 104 (94.55) 

With VCPW 127 13 (10.24) 16.26 126 (99.21) 

P 0.587 < 0.001 0.083 
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unctionality 

Without the VCPWApp, 110 patients were enrolled, of whom 92 (83.6%) were male and 18 (16.4%)

ere female. Their mean age was 35.3 ± 6.4 years (range, 13–65 years). The reconstructive sites in-

luded the upper limbs in 13 cases (11.82%), the lower limbs in 93 cases (84.55%), and the trunk in 4

ases (3.64%). The types of surgery were free flap transplantation in 88 cases (80.0%) and pediculated

ap transplantation in 22 cases (20.0%). 

With the VCPWApp, 127 patients were enrolled, of whom 106 (83.5%) were male and 21 (16.5%)

ere female (16.5%). Their mean age was 36.2 ± 7.8 years (range 11–68 years). The reconstructive sites

ncluded the head and neck in 2 cases (1.57%), the upper limbs in 25 cases (19.69%), lower limbs in 97

ases (76.38%), and trunk in 3 cases (2.36%). The types of surgery were free flap transplantation in 104

atients (81.9%) and pediculated flap transplantation in 23 patients (18.1%). There were no significant

ifferences in gender, age, reconstructive sites, and surgical type between the 2 groups ( P > 0.05). 

From among the 237 flaps evaluated, 22 flaps (9.28%) required an unplanned return to the op-

rating room. There was no statistically significant difference in the rate of unplanned return to the

perating room ( P > 0.05). In addition, the time to detect vascular crisis was shorter in cases where

he VCPWApp was used. The flap survival rate was higher in the with VCPWApp group than that in

he group without VCPWApp, but this was not significantly different ( P > 0.05). Detailed results are

eported in Table 3 . 

iscussion 

To date, the VCPWApp is the first application and a postsurgical prewarning system that is spe-

ially designed to be employed in real-life settings for the nursing management of patients with flap

ransplants. The application underwent several phases of development. This innovative, iterative, and

ser-centric approach is the result of a rather close and fruitful collaboration among medical practi-

ioners, user interface designers, and software developers. 

Guided by clinical needs, the VCPWApp specified and specialized its function—for example, flap

olor, temperature, capillary refill, turgor, and other bleeding characteristics were concentrated on the

ap observation and recording interface, which avoided the omission and blindness of work, improved

he initiative and predictability of clinical work, and helped nurses to perform systematic, dynamic,

nd continuous nursing and guidance for postoperative patients. The data collected from the SUS mea-

ure provided useful information regarding the acceptance of VCPWApp by medical professionals. The

illingness to use the VCPWApp again appears to suggest that this instrument is useful for postopera-

ive monitoring of flap transplantation and also for research studies that requires longer participation

eriods. The resulting SUS measure of the VCPWApp was 97.95, thereby revealing that the functional

odules and workflow are suitable for postoperative flap nursing management. Among all the items

f the SUS, “I found the system very cumbersome to use” scored the lowest. A series of measures can

e taken to improve the ease of use, including but not limited to simplifying unnecessary operations

teps; adding more informative tips to the operation steps (e.g., highlighting the prompt at the time,

f necessary); recording an actual demonstration video; redesigning the user interface; and creating

nd distributing questionnaires to understand the specific needs of users. 

With regard to the clinical trial, the VCPWApp group showed a significant functional decrease ( P

 0.001) in the time to detect vascular crisis, thereby suggesting that the VCPWApp can help doctors

nd nurses to reduce the time taken to identify flap vascular crisis. Because the time of detection of

ap compromise is significantly associated with the salvage of the flap, early identification is crucial. 4
117 



L.-l. Peng, L.-y. Xu, S.-h. Wang et al. JPRAS Open 37 (2023) 109–120 

 

s  

a  

d  

t  

t  

r  

e  

i

 

n  

i  

p

L

 

d  

g  

a  

s

C

 

s  

c  

l  

c  

t  

o  

o  

c

C

A

 

v

A

F

Traditional observation methods have limitations in terms of the complete recording of flap perfu-

ion information and may lead to biased recall by the nursing staff. The VCPWApp fully utilizes the

dvantages of the digital platform to archive all perfusion information of the skin flap in the form of

ata, pictures and videos, thereby making flap information more objective and reliable and reducing

he uncertainty in the judgment of a vascular crisis when observing the flap. In addition, the applica-

ion can generate data curves, thereby facilitating dynamic observation and avoiding the bias in nurse

ecall. Moreover, the platform enables remote monitoring and, thus, facilitates health care practition-

rs to understand flap information and make decisions quickly, 26 thereby making the application an

mportant tool for perioperative flap management. 

In addition, the VCPWApp establishes a database of flap perfusion in the background and creates

ew possibilities for the analysis of flap vascular crisis data, which is conducive to further understand-

ng the epidemiological characteristics of vascular crisis and establishing scientific standards for the

revention of vascular crisis after flap transplantation. 

imitations 

Health care settings, needs, and workflow can differ considerably; however, this study was con-

ucted at a single institution, and the application is currently only available in Chinese. Therefore,

eneralizability to other health care settings may be limited. The results of this study are preliminary

nd are the first step of a larger cohort study that aims to test the effectiveness of the VCPWApp. As

uch, these results cannot be considered definitive, as the sample size is rather limited. 

onclusions 

The assessment of flap perfusion is of great importance to the survival of grafts and flaps. In this

tudy, we developed a novel interactive application (VCPWApp) for the management of skin flap vas-

ular crisis. The application contains modules for patient addition and basic information entry, flap

abeling, flap observation, crisis warning, and case archiving. We found that the application signifi-

antly reduced the time to detect vascular crisis and showed a good usability profile. In the future,

he team will continue to study a larger sample size to verify the long-term effects of the VCPWApp

n the management of flap vascular crisis, summarize the change trajectory, and influencing factors

f flap perfusion, and lay the foundation for building an intelligent early warning model for vascular

risis after flap transplantation. 
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