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Background: Multiple techniques exist to monitor free flap viability postopera-
tively, varying with practical and personal preference, yet the limitations of each
technique remain unquantified. This systematic review aims to identify the most
commonly reported limitations of these techniques in clinical practice.

Methods: A systematic review was conducted according to PRISMA guidelines
using MEDLINE, EMBASE, and Web of Science with search criteria for postopera-
tive free flap monitoring techniques. Search results were independently screened
using defined criteria by two authors and a senior clinician. Limitations of the
techniques found in the discussion section of eligible articles were recorded and
categorized using thematic analysis.

Results: A total of 4699 records were identified. In total, 2210 articles met the eli-
gibility criteria and were subsequently reviewed, with 195 papers included in the
final analysis. The most frequently reported limitations of clinical monitoring were
interpretation requiring expertise (25% of related papers), unsuitability for bur-
ied flaps (21%), and lack of quantitative/objective values (19%). For noninvasive
technologies, the limitations were lack of quantitative /objective values (21%), cost
(16%), and interpretation requiring expertise (13%). For invasive technologies,
the limitations were application requiring expertise (25%), equipment design and
malfunction (13%), and cost (13%).

Conclusions: This is the first systematic review to quantify the limitations of differ-
ent flap monitoring techniques, as reported in the literature. This information may
enhance the choice in monitoring strategy for a reconstructive service, and inform
the developmentand refinementof new flap monitoring technologies. (Plast Reconstr
Surg Glob Open 2021;9:¢3663; doi: 10.1097/GOX.0000000000003663; Published online
12 July 2021.)

INTRODUCTION Although salvage rates of failing free flaps vary with

Microvascular free tissue transfer is a well-established
method for reconstruction of large and complex defects,
owing to its superior functional and aesthetic outcomes.'
Despite success rates of around 95% or more,* flap failure
secondary to vascular compromise remains a potentially
devastating complication, leading to patient morbidity,
prolonged hospital stay, and increased healthcare costs.”
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etiology, flap type, and center experience,’ the literature
has consistently shown that early detection of vascular
compromise and swift surgical re-exploration significantly
increases the likelihood of successful free flap salvage.”
Vascular compromise leading to flap failure occurs due to
disturbances in either the flap’s arterial inflow, capillary
microcirculation, or venous outflow.” As such, monitor-
ing methods to aid the recognition of one or more dis-
turbances in flap vasculature are critical in maximizing
the success of free flap reconstruction. Numerous flap
monitoring strategies and technologies exist, which vary
in complexity, invasiveness, and cost.” In 1975, Creech and
Miller succinctly outlined the desirable properties of the
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ideal free flap monitoring technique and concluded that
it should be inexpensive; harmless to both patient and
flap; produce rapid, reliable and objective results; simple
to interpret by relatively inexperienced personnel; and
applicable to all types of free flaps.’

Despite the availability of various monitoring tech-
niques, a universally accepted single monitoring technique
(or a combination of monitoring techniques) that satisfies
the ideal criteria is still lacking.'” Although clinical studies
often comment on the effectiveness of monitoring tech-
niques in terms of sensitivity and specificity of identifying
flap failure, their technical and practical limitations have
thus far received little to no objective evaluation.'""” Thus,
there is no universal consensus regarding the ideal flap
monitoring technique and local flap monitoring protocols
are often influenced by surgeon preference and availabil-
ity of technologies.'® An objective analysis of the limitations
of free flap monitoring techniques would aid clinicians
in deciding on the best single or combined flap monitor-
ing technique on an individual case basis. This systematic
review aims to collate the anecdotal evidence of flap moni-
toring limitations reported by authors in the literature, and
provide a novel quantifiable report using thematic analysis.

METHODS
A systematic review of the literature was performed to
identify the discussed limitations of postoperative free flap
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monitoring techniques using thematic analysis. This review
was conducted in accordance with the Cochrane Handbook
of Systematic Reviews of Interventions,'” and reported as per
the Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) statement'® (Fig. 1). Thematic
analysis of the data was carried out by following the meth-
odological steps outlined by Braun and Clarke."

Eligibility Criteria

Studies reporting on the use of postoperative free flap
monitoring were eligible for inclusion. Eight commonly
used flap monitoring techniques eligible for inclusion
were selected following an initial literature search carried
out by two reviewers. The flap monitoring techniques for
inclusion included five noninvasive techniques: “Clinical
monitoring,” “Handheld Doppler,” “Near-infrared spec-
troscopy,” “Color duplex ultrasonography,” “Laser Doppler
flowmetry,” and three invasive techniques: “Implantable
Doppler,” “Flow coupler,” and “Microdialysis.” All article
types were included. No language or publication status
restrictions were imposed.

Search Strategy

Studies reporting on postoperative free flap monitor-
ing were identified using electronic database searches of
EMBASE, MEDLINE, and Web of Science published up to
February 1, 2020. A combination of keywords and MeSH

Records identified through
database searching

Additional records identified

through other sources

(n = 2489)

(n =4699) (n=0)
Y Y
Records after duplicates removed
(n=2489)
Articles screened for both:
Y e Free flap surgery
Records screened and - ¢ Postoperative

then full-text assessed

monitoring technique

A 4

Full-text articles excluded, with
reasons (n = 2294)

(n=195)

Studies included in
qualitative synthesis

Articles were removed if they
did not contain limitations
within the discussions.

Fig. 1. PRISMA diagram demonstrating the study selection process for inclusion in the review.
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terms relating to postoperative free flap monitoring were
developed by two independent reviewers, with the aid of
a medical librarian search strategist to identify relevant
articles. (See appendices, Supplemental Digital Content
1, which displays (a) MeSH and search terms used within
our PRISMA search for all databases, (b) Inclusion cri-
teria checklist, (c) Structure of the data extraction that
was performed for each article within the database, (d)
Organization of recurrent themes into metathemes, with
the included original themes and a definition of the
metatheme, and (e) Response to reviewers Table A and
Table B. http://links.lww.com/PRSGO/B691.) No lan-
guage restrictions were applied. Reference lists of included
articles were screened to identify further relevant articles
not captured by the original search criteria. The Refworks
(Ex Libris Ltd) reference manager tool and Rayyan QRCI
were used to record and filter duplicate articles.

Eligibility Assessment

Eligibility assessment of articles identified through the
original search strategy was carried out independently by
two reviewers according to a predefined inclusion criteria
checklist. (See appendices, Supplemental Digital Content
1, which displays (a) MeSH and search terms used within
our PRISMA search for all databases, (b) Inclusion cri-
teria checklist, (c¢) Structure of the data extraction that
was performed for each article within the database, (d)
Organisation of recurrent themes into metathemes, with
the included original themes and a definition of the metath-
eme, and (e) Response to reviewers Table A and Table B.
http://links.lww.com/PRSGO/B691.) Abstracts were ini-
tially screened for “free flap surgery” or equivalent as well
as mention of one or more included postoperative moni-
toring techniques. Following successful abstract screening,
full-text publication was screened for limitations reported
by the authors in the discussion section of the article.

Data Extraction

Data were extracted using Microsoft Excel (Microsoft
Corp., Redmond, Wash.) using a data extraction form
agreed upon by three reviewers, following an initial pilot
on a proportion of eligible articles. (See appendices,
Supplemental Digital Content 1, which displays (a) MeSH
and search terms used within our PRISMA search for all
databases, (b) Inclusion criteria checklist, (c) Structure
of the data extraction that was performed for each article
within the database, (d) Organisation of recurrent themes
into metathemes, with the included original themes and a
definition of the metatheme, and (e) Response to review-
ers Table A and Table B. http://links.lww.com/PRSGO/
B691). Information was extracted from each article on
general article characteristics and characteristics of inter-
vention, and limitations were discussed.

Thematic Analysis

Thematic analysis is a qualitative research tool used
for the identification, evaluation, and presentation of
recurring patterns (or themes) within a specified data-
set.” Thematic analysis has been previously used in
medical research to appraise health policy,” evaluate the
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effectiveness of currently available medical devices,”
and aid the innovation of novel medical products.”

Limitations of monitoring techniques were recorded
and analyzed using thematic analysis. Following the guide-
lines proposed by Braun and Clarke, articles eligible for
inclusion were initially read by two reviewers to gain famil-
iarity with the data. Statements relating to the limitations
of monitoring techniques reported by the authors in the
articles were recorded and coded into primary themes.
If any discrepancies arose, a third reviewer’s opinion
was sought to ensure correct coding. Metathemes were
developed, which encompassed multiple similar primary
themes and reflected the practical and technical limita-
tions of flap monitoring techniques (Table 1).

Categorizing Techniques

The metathemes were reviewed by all three reviewers
to ensure that they reflected the ideal characteristics of
flap monitoring techniques as presented by Creech and
Miller for identifying limitations in context of these well-
established criteria. Limitations were analyzed firstly for
all monitoring techniques together and then analyzed for
the limitations that came from each individual technique
separately. Techniques were then grouped into invasive and
noninvasive monitoring techniques. Techniques that cannot
monitor buried free flaps, in the majority of circumstances
(ie, without a skin paddle or a very superficial buried flap)
include: NIRS, ultrasound Doppler, handheld Doppler and
laser Doppler, which were grouped into noninvasive moni-
toring techniques. All remaining techniques that have the
ability to monitor buried flaps were grouped into invasive
techniques. Their limitations were collated within these
respective groups and were compared with the “gold stan-
dard” monitoring technique of clinical monitoring as a fur-
ther analysis.

Evidence Stratification

The quality of the evidence of reported limitations was
evaluated and stratified to aid the interpretation of data
collected in this study. All limitations were categorized into
one of the four tiers of evidence: (1a) limitation identified
through primary study objective, (1b) limitation identi-
fied as part of a secondary study objective along with direct
observation by authors (both la and 1b require the study
to achieve a level 4 or greater Center for Evidence Based
Medicine score), (2) not directly observed, but specific
papers cited to justify claims of limitations by the authors,
or (3) authors’ opinion without citation or reported direct
observation. Two reviewers assessed each limitation accord-
ing to the agreed criteria mentioned above, and limitations
were cross-checked between reviewers to identify inter-
reviewer disagreements and increase the reliability of the
results.

Statistical Analysis

Statistical analysis of data was performed using
Microsoft Excel. Percentage frequency of metathemes of
reported limitations were calculated for each monitor-
ing technique by contrasting against the total number of
reported limitations for each monitoring technique.
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Table 1. Organization of Recurrent Themes into Metathemes, with the Definition of the Metath-
eme (See Appendix 4, SDC1)

Metatheme

Description

Interpretation requires
expertise

Complex operative
technique

Lack of quantitative/
objective values

Unsuitable for
buried flaps

Cost

Cannot identify
offending vessel

External artifact

Probe contact
limitations

Local tissue trauma

Variation with
physiological factors

Lack of continuous
monitoring

Equipment design and
malfunction

Labor-intensive
monitoring

Disruption to patient

Damage to vessels

Late recognition of
flap failure

Includes discussions about the requirement for training or expertise to accurately use the monitoring technique.

Includes discussions about the operative time required to apply the monitoring technique and the variability in
outcomes depending on the application skill of the surgeon.

Includes discussion about a lack of definitive, quantitative cut off values that indicate a requirement to return
the free flap to theatre.

Includes discussion about the inability to monitor buried free flaps with the mentioned monitoring technique.

Includes discussion about the high cost of postoperative techniques.

Includes discussion about the difficulty to identify the specific vessel that the technique is measuring (identify
the cause of the measurement changes of the monitoring techniques).

Includes discussion of the interference of external artifacts leading to measurement inaccuracies.

Includes discussion of any limitations that relate to the contact of the postoperative technique to the patient.
This includes poor probe to patient connections and lack of multiple probes.

Includes discussion of local damage caused by the monitoring technique.

Includes discussion of patient systemic or local changes of physiology, including pathology, that lead to measure-
ments changes that are not associated with any changes in the free flap.

Includes discussion relating to the inability for the monitoring technique to provide continuous measurements.

Includes discussion relating to the design of the monitoring technique that makes the device less suitable for
clinical practice. Discussions also include designs that lead to device malfunction and lack of robustness.
Includes discussions relating to an increase of time used by clinical staff to perform the monitoring technique.

Includes discussion of any occasions which the monitoring technique led to disturbance of the patient, over
normal procedure.

Includes discussion of any damage to the vessels involved in the anastomosis following free flap transfer caused
by the monitoring technique.

Includes discussions relating to a delay between free flap changes and changes in the measurements of the
monitoring technique.

RESULTS

Using our search criteria, 4699 articles were identified
for consideration: 1941 from Medline, 1617 from Embase,
and 1111 from Web of Science. Of these 4699 articles,
2489 articles were duplicates. No new appropriate articles
were found in the bibliographies of considered papers
that were not included via our search criteria. Following
title and abstract screening, and free text assessment, 195
articles were found to be eligible for inclusion. (Fig. 1)

Data Characteristics

Techniques were searched individually; the frequency
of articles discussing each technique within the original
4699 articles was documented and analyzed (Table 2).
Ultrasound Doppler returned the most results with 2806,
whereas Microdialysis returned the least at 154. Of the 195
papers included in the statistical analysis, the frequency
of reference to each specific technique was clinical moni-
toring (29%), laser Doppler flowmetry (24%), NIRS
(23%), implantable Doppler (23%), duplex ultrasound
(12%), handheld Doppler (10%), microdialysis (10%),
and flow coupler (3%). Within the 195 papers, there were
505 limitations mentioned, which produced 89 themes.
These 89 themes were then collated into the 12 metath-
emes that have been previously shown. (See appendices,
Supplemental Digital Content 1, which displays (a) MeSH
and search terms used within our PRISMA search for all
databases, (b) Inclusion criteria checklist, (c¢) Structure
of the data extraction that was performed for each article
within the database, (d) Organisation of recurrent themes
into metathemes, with the included original themes
and a definition of the metatheme, and (e) Response
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to reviewers Table A and Table B. http://links.lww.com/
PRSGO/B691.)

Most Frequent Limitations

For all articles collectively the three most common
limitations that were reported were a lack of quantita-
tive/objective values by the techniques (16.2% of all
limitations), interpretation of results requiring expertise
(14.3%), and high cost (10.9%).

Invasive versus Noninvasive Monitoring Techniques

The most common limitations of clinical monitor-
ing reported in the included articles were interpretation
requiring expertise (25% of clinical monitoring limita-
tions), unsuitability for buried flap measurement (21%),
and a lack of quantitative/objective values (19%). For non-
invasive technology, a lack of quantitative/objective values
(21% of noninvasive limitations), high cost (16%), and
interpretation requiring expertise (13%) were the most
common limitations; invasive technology ranked interpre-
tation requiring expertise (25% of invasive limitations),
unsuitable equipment design and malfunction (13%), and
then high cost (13%) as the most frequent limitations.

Individual Technique Analysis

Analysis for postoperative monitoring of free flaps was
done for all individual techniques to show the most fre-
quent limitations of each technique. The most common
limitation of clinical monitoring is that its interpreta-
tion requires expertise (25%). For NIRS, the most com-
mon limitation is the lack of quantitative/objective values
provided (21%) and its high cost (21%). Laser Doppler


http://links.lww.com/PRSGO/B691
http://links.lww.com/PRSGO/B691

Kwasnicki et al.

Table 2. Number of Articles Returned when Searching Each
Database for Each Technique.

Limitations of Flap Monitoring Strategies

Table 3. Metathemes that Scored >10% in Frequency for
Each Technique

Web of Monitoring Proportion

Method Medline Embase Science Total Included Technique Most Common Themes %
Colour duplex NIRS Lack of quantitative/objective values 23.86
ultrasonography 1432 1240 134 2806 43 Cost o 23.86
Laser Doppler 567 813 124 1504 47 Probe contact limitations 14.77
Clinical monitoring 383 480 394 1257 57 Variation with physiological factors 12.50
NIRS 126 112 158 396 45 Clinical Interpretation requires expertise 25.25
Implantable Doppler 84 93 161 338 44 monitoring ~ Unsuitable for buried flaps 21.21
Flow coupler 59 80 21 160 6 Lack of quantitative/objective values 19.19
Microdialysis 54 51 49 154 20 Lack of continuous monitoring 11.11
Handheld Cannot identify offending vessel 57.58
Doppler Unsuitable for buried flaps 18.18
L. . Duplex Interpretation requires expertise 38.10
flowmetry have similarly been reported to provide a lack Doppler Lack of continuous monitoring 14.29
of objective/quantitative values as its most common limi- Cannot identify offending vessel 14.29
. C Cost 11.90
tation (26%). The most common limitation for handheld [ ¢, Lack of quantitative/objective values 26.09
Doppler is its difficulty in identifying the exact vessel caus- Doppler External artifact 15.22
ing the flap failure (58%). For color duplex ultrasonog- X"(‘;‘f“on with physiological factors %égg
raphy, the most commonly reported limitation was that  Microdialysis ~ Local tissue trauma 23.08
interpretation requires expertise (38%). Microdialysis Cost ) ) 17.31
causes local tissue trauma, which is its most commonl Equipment design and malfunction 19.58
o > Y Interpretation requires expertise 15.38
reported limitation (23%). The flow coupler’s most com-  Flow Coupler ~ Damage to vessels 58.33
monly reported limitation was damage to vessels (58%), Equipment design and malfunction 25.00
R Implantable Complex operative technique 43.68
whereas the most commonly reported limitation for the Doppler Lack of quantitative/objective values  12.65
implantable doppler was its associated complex operative Cost 10.34

technique (46%) (Table 3).

Evidence Stratification

Evidence levels were established for each limitation
and were then grouped into their respective metathemes
to be analyzed. Of all reported limitations, 21.92% were
directly observed in original research and identified
either through the primary study objective, or as part of a
secondary study objective (ie Type 1a or 1b). The remain-
ing 78.08% came from cited claims or from authors’ opin-
ion. The only technology to have a larger portion of type 1
evidence was flow coupler with 55.56% type 1b evidence,
with the 44.44% remaining being type 2 and 3.

DISCUSSION

A systematic review was performed to collate and quan-
tify the reported limitations of postoperative monitoring
techniques for free flaps. Although anecdotal reports of
limitations have been previously recorded, this is the first
article to quantify the frequency of these limitations rela-
tive to each monitoring technique, using thematic analy-
sis. All monitoring techniques were found to have relative
strengths and limitations, with none completely satisfying
the criteria presented by Creech and Miller. Limitations
such as cost and the lack of objective values produced by
the technologies were found to be shared amongst mul-
tiple technologies, whilst various technology-specific limi-
tations also emerged.

The key limitations to the use of clinical monitor-
ing include that expertise is needed to interpret clinical
signs, its unsuitability for use in buried flaps, and the lack
of qualitative/objective values that it produces. These
limitations may be explained by a combination of opera-
tor and patient-dependent factors. There is an inherent
subjective nature of parameters that are being assessed

during clinical monitoring, necessitating the need for reli-
able and experienced personnel.** Temperature, color,
skin turgor, and capillary refill of the flap® are usually
all assessed manually by varying members of the health-
care team. This introduces subjectivity and potential for
human error during the evaluation and documentation
of a flap’s viability. When experienced personnel monitor
flaps, outcomes of clinical monitoring in the early detec-
tion of flap compromise have been favorable'’; however,
this may not always be achieved, given that flaps require
continuous monitoring for at least 72 hours®’; out-of-hours
ward staffing levels are often low, and training may not
be easy to achieve. Overcoming this experience shortfall
requires training or hiring staff, which is costly and time
intensive. The development of reproducible and uniform
clinical flap monitoring protocols in centers have allowed
more objective recording of flap status.””* The review and
refinement of these local protocols mitigate the operator-
dependent subjectivity associated with clinical monitor-
ing. Technology adjuncts may enable the availability of
consistency and experience, decreasing observer error
and reducing interpretation training costs.” Digital pho-
tographic images of flaps may be securely sent to clinicians
to be reviewed remotely. Temperature monitoring may
also be standardized via the use of temperature probes or
temperature sensitive tapes.”*

The unsuitability of clinical monitoring to assess buried
flaps is a limitation that is often cited, particularly in head
and neck surgery, where flaps in esophageal or pharyngeal
reconstruction are often interiorized and not visible exter-
nally.”” The inability of clinical monitoring to accurately
assess buried flaps has been partially circumvented by the
use of an exteriorized segment of the flap supplied by the
same vascular pedicle, which can be visualized easily to
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check for vascular compromise. This may, however, com-
promise the aesthetic result.”

When considering noninvasive flap monitoring tech-
nologies, the frequently occurring limitations shared by
NIRS, laser Doppler, handheld Doppler and color duplex
ultrasonography emerged as high cost; interpretation
requiring experienced personnel; and the overall subjec-
tive nature of the values that they produce. The lack of
quantitative/objective values produced by noninvasive
technologies and the need for expert interpretation origi-
nates from the type of signal that is being processed by
the monitoring techniques. In the case of NIRS and laser
Doppler, the signal that is being recorded is selective light
refraction by hemoglobin, and the Doppler shift of laser
light due to blood flow respectively.”* These parameters
may vary with systemic and external factors, including the
location of the probe, motion, temperature changes, flap
type, and minor device setting changes.” As a result, a
reliable cut off value indicating flap failure in NIRS has
been difficult to establish and standardize for a large set of
heterogeneous patient cohorts.” Individual trends in flow
seem to be more suggestive of flap failure; this may lead
to the development of criteria that are based on a percent-
age decline in initial signal levels.”

Handheld Doppler and color duplex ultrasonogra-
phy both rely on the Doppler shift of ultrasound waves
reflected from moving blood flow within vessels to evalu-
ate the vascular status of the flap. This, therefore, requires
detailed knowledge of both the recipient site and flap spe-
cific to the patient, and an understanding of the use of the
device.* To aid the evaluation of the vascular anatomy, the
location of the vessels and anastomoses may be marked on
the skin with ink or a stitch." Despite this, the presence of
a trained radiologist and the operating surgeon may both
be required to fully evaluate the viability of a flap using
ultrasound.” The requirement for expertise was the most
widely shared limitation related to duplex ultrasound.
Both an understanding of vessel anatomy and interpreta-
tion expertise come with training and a cost to employ
staff with these qualities to monitor the free flap.

The cost of noninvasive flap monitoring devices, except
handheld Doppler, poses a major limitation to their use
in reconstructive centers. Devices such as NIRS and laser
doppler traditionally have costs associated with both the
monitoring device unit and the disposable probes."”” Novel
technology has overcome a large proportion of these costs
through the use of smartphone displays or via a unified
monitoring and interpretation device.” Recently, cost
benefit analyses of these techniques have been published;
however, most have been inconclusive." More evidence is,
therefore, needed regarding the cost-effectiveness of avail-
able flap monitoring techniques.

The main limitations of invasive flap monitoring tech-
nologies include the need for complex operative tech-
nique, unsuitable equipment design and malfunction,
and high cost. The limitation of unsuitable equipment
design and malfunction is common to all invasive moni-
toring techniques. It can be explained by the use of intri-
cate medical equipment, which needs to produce reliable
readings from within tissues. In the case of the implantable
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Doppler, the cuff applied to the anastomosis may slip and
the Doppler probe may become dislodged on movement,
leading to a false loss or reduction of signal.” Similar cases
of accidental probe dislodgement have been reported with
the use of the flow coupler.” In the case of microdialysis,
the catheter may become dislodged on movement or if
not secured properly, leading to false readings.'”* Strict
perioperative care is required to limit the occurrence of
equipment malfunction. The limitation of complex opera-
tive technique is almost exclusively associated with the use
of the implantable Doppler device. As this device is fitted
manually to the anastomosis at the time of operation, its
incorrect placement can lead to ineffective probe position,
dislodgement, increased operative time, and damage to the
anastomosis upon removal.” Overcoming the limitation of
complex operative technique associated with the place-
ment of the implantable Doppler probe has in fact led to
the development of the venous flow coupler device.”” The
Doppler device which is integral to the coupler reduced
the technical skill associated with its application, but does
bring about its own disadvantage of added cost.

Through the identification of the most frequent limita-
tions, it became clear that each technique had a unique
combination of limitations. Therefore, a proposed path-
way was developed by the authors for the selection of post-
operative free flap monitoring technique (Fig. 2).

The pathway initially demonstrates the limitations asso-
ciated with clinical monitoring, followed by the option to
monitor buried or nonburied flaps. This will have clear
implications on the most effective technology. Following
this, the choice of adjunctive monitoring technique is
accompanied by the limitations that are overcome by use
of the selected technique, as well as the specific limitations
associated with the selected technique. This allows clini-
cians to visualize the limitations of using these adjunctive
techniques and decide which suits their needs depending
on the clinical scenario. It may be that other strategies
such as staffing, or training may help overcome some of
these remaining challenges.

Limitations

The identification and thematic analysis of reported
limitations of monitoring techniques in the literature was
based on a structured methodology, but ultimately con-
tained elements of subjectivity. Given that only a minor
proportion of the limitations arose from data generated
from the same study, the findings of this work are largely
based on expert opinion. However, many limitations are
not suited to being proven or disproven, and so this study
may still provide the most useful basis for choosing a flap
monitoring strategy and highlighting priority areas for
development. Human error and researcher subjectivity
cannot be overlooked in the identification and thematic
grouping of limitations. Given the qualitative nature of
this type of study, there is no one correct or accurate inter-
pretation of the data, but by adhering to a stringent meth-
odology and cross-referencing with multiple reviewers,
reproducibility is ensured.

A limitation of the data itself is the discrepancy in
reporting for each technique. For techniques that have a
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Fig. 2. Flow diagram that outlines the limitations of using clinical monitoring with handheld Doppler, followed by the limitations overcome
by using an adjunct technique and the limitations that exist despite adding this technique.

high number of articles reporting limitations, the propor-
tion of limitations may be more accurate and all the limi-
tations that exist are likely to be expressed in the article
pool.

CONCLUSIONS

This is the first systematic review to objectively quan-
tify and evaluate the limitations of flap monitoring tech-
niques from the available literature. Current monitoring
techniques play a vital role in the detection of flap fail-
ure following free flap surgery, but there remains a lack
of general consensus and standardization regarding the
optimum flap monitoring protocol. This study brings a
quantitative evaluation to previously available qualitative
evidence, allowing clinicians to objectively view the limita-
tions of currently existing free flap monitoring techniques.
This may help clinicians and service providers to make
more informed decisions about postoperative flap moni-
toring strategies by viewing these limitations and applying
a tailored, patient-centered monitoring approach. We rec-
ommend that clinicians, using the techniques mentioned
in their studies, should publish the limitations they have
found and how they mitigated them. This will allow the
clinical and scientific community to identify and provide
means to overcome the current shortfalls in free flap
monitoring.
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