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INTRODUCTION

Due to advances in microvascular surgery, head and neck recon-
struction using a free flap has recently become popular. However, 
when performing head and neck reconstruction after resection 
of a malignant tumor, the surgeon has to consider both cosmetic 
aspects and functional aspects such as breathing, swallowing, and 
vocalization [1,2]. Successful head and neck reconstruction us-
ing a free flap requires precise microvascular surgical technique, 

making it challenging, and the surgeon’s surgical experience plays 
an important role in the success of the flap. Previous studies have 
suggested the existence of a learning curve through reports that 
the success rate of head and neck free-flap reconstruction increas-
es with greater experience [3-5].

The cumulative sum (CUSUM) method was originally devel-
oped for monitoring processes in the industrial field [6]. The 
method involves analyzing continuous data patterns over time, 
within which changes are detected. The CUSUM technique has 
also been applied in clinical studies to monitor changes in medi-
cal skills and clinical data [7]. To monitor surgical outcomes in 
pediatric cardiac surgery, de Leval et al. [8] and Steiner et al. [9] 
used the CUSUM curve for the first time. However, medical pro-
fessionals have not used the CUSUM method to analyze the 
learning curve of flap surgery for head and neck reconstruction. 
Evaluating and reporting surgical outcomes over time as a sur-
geon gains experience will help alleviate the burden for many 
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Objectives. Owing to the functional and structural complexity of the head and neck area, the reconstruction of defects in 
these areas is challenging. Free flap surgery has become standard for the reconstruction of the head and neck with 
improvements in microvascular surgery. The aim of this study was to use the cumulative sum (CUSUM) method to 
evaluate the learning curve for free-flap head and neck reconstruction performed by a single surgeon.

Methods. We retrospectively reviewed the medical records of 47 patients who underwent free-flap reconstruction from 2017 
to 2021. The clinical demographics and surgical outcomes were analyzed. The total operation time was analyzed using 
the CUSUM method, which is an analytical approach for visualizing patterns in data by converting raw data into an 
accumulation of deviations from the average value.

Results. CUSUM analysis showed two phases of the learning curve: phase 1 (cases 1–22) and phase 2 (cases 23–47). The 
operative time in phase 1 (579.9±128.2 minutes) was significantly longer than that in phase 2 (418.6±80.9 minutes) 
(P<0.001). The re-exploration rate was higher in phase 1 (31.8%) than in phase 1 (4%) (P=0.018). The flap failure 
rate was higher in phase 1 (9.1%) than in phase 1 (4%), but this difference was not statistically significant (P=0.593).

Conclusion. The learning curve of free-flap head and neck reconstruction seems to stabilize after approximately 20 cases. 
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surgeons willing to conduct free flap reconstruction. Therefore, 
we aimed to evaluate the learning curve for free-flap head and 
neck reconstruction surgery using the CUSUM method.

MATERIALS AND METHODS

Patients and procedures
We retrospectively reviewed the medical records of 47 patients 
who underwent free-flap reconstruction of the head and neck 
between August 2017 and January 2021. All procedures includ-
ing wide mass excision with or without neck dissection followed 
by free-flap reconstruction were performed by a single surgeon 
(DYL). Clinical features, operation time, hospital stay, flap failure 
rate, re-exploration rate, and complications were analyzed ac-
cording to the time period. 

This study was approved by the Institutional Review Board of 
Seoul National University Boramae Medical Center (IRB No. 
30-2021-64). Informed consent from patients was waived as this 
was a retrospective study.  All procedures were performed under 
general anesthesia in the following order: resection of the tumor, 
recipient vessel preparation, flap harvest and insetting, and mi-
crovascular anastomosis. The flap was selected based on the sur-
geon’s expertise and the features of the defect. All microvascular 
procedures were performed using a binocular operating micro-
scope (Carl Zeiss Meditec, Jena, Germany). All patients under-
went intensive care unit care for the first 24 hours after surgery. 
The flap was monitored using an infrared thermometer, the col-
or of the flap, and pinprick.

CUSUM analysis and statistical analysis
The CUSUM method was used to analyze the learning curves; 
it utilizes a quantitative approach that measures the differences 
between the individual data value and the average value of all 
data [10]. First, 47 cases of free-flap reconstruction were chrono-
logically ordered according to the date of surgery. When we de-
fine the operation time of each case as “Xi” and the average op-
eration time as “μ,” and let the CUSUM of the “n” cases sequen-
tially be CUSUMoptime_n, the CUSUMoptime_n of each case 
can be defined as follows: 

For example, if the CUSUM of the first free-flap reconstruc-
tion is CUSUMoptime1, the total operation time of the first pa-
tient was 615 minutes, and the average total operation time was 
494.11 minutes. Therefore, CUSUMoptime1 is 120.89. The sec-
ond procedure time was 532 minutes, so CUSUMoptime2 be-
came 158.78, which is the value of CUSUMoptime1, which is 
120.89, plus 37.89 (532–494.11 minutes). Thus, each CUSU-
Moptime_n can be calculated using the formula for Microsoft 
Excel 2010 (Microsoft, Redmond, WA, USA).

The slope of the CUSUM curve represents the trend of learn-
ing outcomes, and the area where the slope is stabilized is re-
garded as the breakthrough of the learning curve [11]. The mov-
ing average curve is the moving average of the operation time 
converted into the graph. The X axis displays the case conse-
quently, and the Y axis represents the mean operating time 
which was a group of five cases.

Differences in categorical variables were compared using the 
Pearson chi-square test or Fisher’s exact test, and the means of 
continuous variables were compared using Student t-test. All 
data were analyzed using IBM SPSS ver. 19.0 (IBM Corp., Ar-
monk, NY, USA). Continuous data are presented as mean±

standard deviation. In all cases, a P<0.05, was considered statis-
tically significant.

RESULTS

The average age of all patients was 58.4±12.6 years. As shown 
in Fig. 1, the curve in the CUSUM analysis showed a steeply ris-
ing slope from case 1 to 22, and then rapidly declined after case 
23. Therefore, the sample was divided into two phases (Fig. 1). 
The interval from case 1 to case 22 was defined as phase 1, and 
the interval from case 23 to case 47 (the last case) was defined 
as phase 2. 

The differences in the clinical features between phases 1 and 
2 are presented in Table 1. There were no statistically significant 
differences in the age group, primary site, stage of cancer, or pre-
vious treatment between phase 1 and phase 2 (Table 1). The op-
eration time was significantly longer in phase 1 than in phase 2 
(P<0.001). The re-exploration rate was also significantly higher 
in phase 1 than in phase 2 (P=0.018). The length of hospital stay 
after surgery, estimated blood loss, flap failure rate, period until 
decannulation, and period until return to oral diet were lower  
in phase 2 than in phase 1, but without statistical significance 
(Table 2). The five-data-point moving average curve showed that 
the operation time stabilized as the number of cases increased 
(Fig. 2).

When comparing the operation time between phases accord-
ing to flap type and reconstructed site, the operation time of 
phase 1 for both radial forearm free flaps and anterolateral thigh 
free flaps was significantly longer than that of phase 2 (P=0.009 
and P<0.001, respectively) (Table 3). In addition, the operation 

	� Free-flap head and neck reconstruction requires anatomical 
understanding and proficiency.

	� We evaluated the learning curve for such reconstructions by 
the cumulative sum method. 

	 �An experience of 20 cases is required to learn the technique 
and expect stable surgical success.
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Fig. 1. Total operation (OP) time and cumulative sum (CUSUM) curves of free-flap reconstruction surgery. The light line is a plot of a second-or-
der polynomial with the equation CUSUM=–3.0551×(case number)2+139.64×(case number)+40.482; R 2=0.9325. At case 22, the gray line 
represents the breakthrough point. 
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Table 1. Interphase comparisons of patients’ clinical features

Variable
CUSUM phase

P-valuePhase 1 
(case 1–22)

Phase 2 
(case 23–47)

Age (yr) 57.3±10.7 60.2±14.6 0.442
Male 17 (77.3) 20 (80) 1.000
Body mass index (kg/m2) 21.7±4.1 21.8±2.7 0.945
Current smoker 10 (45.5) 13 (52) 0.654
Systemic disease
   Cardiovascular disease 7 (31.8) 8 (32) 0.989
   Diabetes 3 (13.6) 6 (24) 0.470
Primary lesion 0.173
   Oral cavity, oropharynx 10 (45.5) 17 (68)
   Larynx, hypopharynx 8 (36.4) 7 (28)
   Sinonasal 4 (18.2) 1 (4)
Type of free flap 0.432
   ALTFF 12 (54.5) 17 (68)
   RFFF 7 (31.8) 7 (28)
   FFF 3 (13.6) 1 (4)
Cancer status
   T stage 0.797
      1–2 6 (27.3) 6 (24)
      3–4 16 (72.7) 19 (76)
   N stage 0.178
      0−1 14 (63.6) 11 (44)
      >1 8 (36.4) 14 (56)
Neck dissection 0.155
   Selective 13 (59.1) 16 (64)
   Comprehensive 6 (27.3) 9 (36)
Prior radiotherapy 2 (9.1) 3 (12) 0.747

Values are presented as mean±standard deviation or number (%). 
CUSUM, cumulative sum; ALTFF, anterolateral thigh free-flap; RFFF, radial 
forearm free-flap; FFF, fibular free-flap.

Table 2. Interphase comparison of intraoperative parameters and 
surgical outcomes

Variable
CUSUM phase

P-valuePhase 1 
(case 1–22)

Phase 2 
(case 23–47)

Operation time (min) 579.9±128.2 418.6±80.9 <0.001
Postoperative hospital stay (day) 25.3±18.4 19.4±14.5 0.255
Estimated blood loss (mL) 720.9±652.9 564±424.2 0.328
Flap failure 2 (9.1) 1 (4) 0.593
Re-exploration 7 (31.8) 1 (4) 0.018
Decannulation (day)a) 10.9±9.5 7.4±4 0.246
Return to oral diet (day)b) 18.0±19.1 13.5±9.1 0.405

Values are presented as mean±standard deviation or number (%). Com-
plications included moderate hematoma, wound infection, and bleeding.
CUSUM, cumulative sum. 
a)Phase 1 (n=12), phase 2 (n=14). b)Phase 1 (n=19), phase 2 (n=16).

Fig. 2. Five-data moving average curve (MAC) according to total op-
eration time of free-flap reconstruction surgery. 5D MAC, five-data-
point MAC.
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time of phase 1 was significantly longer than that of phase 2 for 
oral cavity or oropharyngeal reconstruction and larynx or hypo-
pharyngeal reconstruction (P=0.002 and P=0.019, respectively).

DISCUSSION

The learning curve is a result of the surgeon gradually becoming 
comfortable with the procedure and success in more difficult 
cases, and it also reflects the surgeon’s increased knowledge of 
the new technique, technological changes to the technique, and 
the improvements in support staff and perioperative treatment 
[12,13]. Many factors affect the success of free flap surgery, in-
cluding surgical procedures at the recipient and donor sites, me-
ticulous microvascular anastomosis, the location of the vascular 
pedicle, and post-surgical monitoring [14]. The surgeon’s surgical 
experience is the most significant factor in preventing free flap 
failure [15]. As a result, for new microvascular surgeons, the learn-
ing curve is critical.

This study demonstrated that operation time, used as a marker 
for operative competency, was correlated to components of the 
surgeon’s learning process using CUSUM analysis. The learning 
curve could be divided into two phases: before and after case 
22. Similarly, in a previous study using the CUSUM method for 
colorectal surgery, the learning curve phase was relatively clearly 
divided into three phases [10]. However, studies on the learning 
curve of free-flap head and neck reconstruction surgical proce-
dures are not common. Previous studies have used the flap fail-
ure rate, salvage rate, and complication rate to evaluate the learn-
ing curve. However, none have used CUSUM analysis to deter-
mine the learning curve in head and neck free-flap reconstruc-
tion surgery [16-19]. In addition to operation time, we tried to 
define the phases by risk-adjusted CUSUM analysis for flap fail-
ure. However, the number of total cases was small and the fail-
ure rate was low; thus, phases could not be defined through risk-

adjusted CUSUM.
The CUSUM technique was developed in the industrial sector 

to track output and identify areas for improvement. The medical 
profession began using this approach to analyze the learning curve 
for surgical procedures in the 1970s [20,21]. Unlike other analyt-
ical methods, the CUSUM method quantifies fluctuations based 
on a predetermined threshold value, such as the average. The 
CUSUM method accounts for even small changes between a se-
quential event value and a predetermined threshold value, bet-
ter reflecting the degree of change. 

Due to their functional and structural complexity, reconstruc-
tion of head and neck defects is always challenging. Since the 
late 1970s, the pectoralis major myocutaneous flap has become 
the most important flap due to its ease of operation [22]. It is 
simple to use because it does not require vascular surgery, but 
the flap is extremely thick, and there are multiple problems in 
the functional reconstruction of the oral cavity or the esopha-
gus. The free flap technique has been actively adapted to the head 
and neck area since the radial forearm free flap was reported in 
1981 [23]. The radial forearm free flap is based on the radial ar-
tery. A large-diameter artery (≥2.5 mm) can be used, with two 
accompanying veins and cephalic veins. Additionally, the thick-
ness of the flap is 2–3 mm. Due to its slenderness, it has the ad-
vantage of making it possible to construct the desired shape eas-
ily, for which reason it has become the most commonly used flap. 
In 1984, Song et al. [24] reported that the advantages of the an-
terolateral thigh flap include the possibility of obtaining a large 
flap that is easy to raise, with an inconspicuous donor site. These 
free flaps led to significant improvements in functional recovery 
after surgery in patients with head and neck malignancies. In 
addition, reconstructive surgery using these flaps is expected to 
become increasingly important due to their benefits for advanced 
oropharyngeal and laryngeal cancers [25].

Previous studies have shown that microvascular surgeons re-
ported better outcomes with more experience [3,26]. Urken et 
al. [3] showed an 89% success rate with 75 free flaps and a 96% 
success rate after 125 additional cases. After conducting 64 mi-
crovascular free flaps, Watkinson and Breach [4] reported a 79% 
success rate, and after 77 other cases, the success rate increased 
to 95%. Godina [5] reported a 74% success rate after 100 free 
flaps and a 96% success rate after 100 other free flaps. Harashi-
na [27] also showed a 75% success rate in the first 3 years after 
performing free flaps, which increased to 97% in the next 5 years. 
These findings are comparable to our results, which showed that 
as experience increased, outcomes improved.

In this study, the re-exploration rate was analyzed as a factor 
that may have a difference between phases, and the re-explora-
tion rate was indeed found to be significantly higher in phase 1 
than in phase 2. Phase 1, corresponding to the first 22 cases, re-
quired seven re-explorations. Salvage of the flap was possible in 
five cases by hematoma evacuation and pharyngostoma construc-
tion, but rescue failed in two cases with arterial insufficiency. In 

Table 3. Interphase comparison of operation time according to flap 
type and reconstruction site

Variable
CUSUM phase

P-valuePhase 1 
(case 1–22)

Phase 2 
(case 23–47)

Flap type
   RFFFa) 615.3±76.6 438±130.1 0.009
   ALTFFb) 518.8±87.9 412.8±56.4 <0.001
Reconstruction site
   Oral cavity, oropharynxc) 587.5±156.8 427.6±90.2 0.002
   Larynx, hypopharynxd) 566.6±131.1 403.5±66.6 0.019

Values are presented as mean±standard deviation. 
CUSUM, cumulative sum; RFFF, radial forearm free-flap; ALTFF, anterolat-
eral thigh free-flap.
a)Phase 1 (n=7), phase 2 (n=7). b)Phase 1 (n=12), phase 2 (n=17). c)Phase 
1 (n=10), phase 2 (n=17). d)Phase 1 (n=7), phase 2 (n=6).
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contrast, in the second stage, only one of the 21 patients under-
went re-exploration due to arterial insufficiency. A re-exploration 
was conducted if it was determined that the flap condition could 
lead to flap failure, such as in cases with findings suggestive of 
vascular compromise. Therefore, re-exploration was performed 
promptly after flap surgery, which may have been why the hos-
pital stay was not substantially longer in the first phase, even 
though re-exploration was performed more often.

In this study, although the clinical features of each phase did 
not differ significantly from each other, it was confirmed that 
the total operation time significantly decreased with experience. 
This suggests that the time required for reconstruction was short-
ened, as there was no difference in the time of tumor excision 
and neck dissection between the two phases. Compared to phase 
1, the standard deviation of operation time was lower in phase 2, 
and the average curve showed that the operation time stabilized 
with increasing experience. We believe that the learning curve 
reflects important factors in the surgeon’s mastery of free-flap 
head and neck reconstruction, such as skilled surgical technique 
of microvascular anastomosis, appropriate recipient vessel selec-
tion, conceptualization of the spatial relationships of the flap for 
manipulation and insetting, and planning of pedicle alignment 
to prevent vessel kinking or extrinsic compression. The reason 
that the success rate was 97% despite little experience may have 
been that the surgeon already had more than 12 years of experi-
ence with other head and neck surgical procedures and had par-
ticipated in various head and neck reconstructions as an assis-
tant. 

Our study has several limitations. First, it is difficult to gener-
alize the results, since this was a retrospective study based on 
data from a single surgeon. Free-flap head and neck reconstruc-
tion surgery consists of several steps: flap harvest, insetting, and 
microvascular anastomosis. In this study, the analysis of each 
step was limited. However, using the CUSUM method, two dif-
ferent phases within the learning curve could be relatively well 
distinguished. Prospective studies that include several head and 
neck surgeons should be conducted in the future. 

Using the CUSUM method, it was found a surgeon who had 
experience with head and neck surgery required approximately 
20 cases to show stable performance in head and neck free-flap 
reconstruction. However, for a surgeon who does not have suffi-
cient experience in head and neck surgery and is conducting 
head and neck free-flap reconstruction for the first time, the learn-
ing curve may be longer than 20 cases. During the learning pe-
riod of novice surgeons, efforts to increase skills under the su-
pervision of a skilled instructor are essential. 
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