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RESUMO
Introdução: Apesar de todos os progressos técnicos e científi-
cos observados nas últimas décadas em Cirurgia, a Infeção do 
Local Cirúrgico (ILC) permanence elevado e com implicações 
nos resultados clínicos e custos hospitalares. 
Objetivos: análise e identificação de fatores preditores de ILC 
em cirurgia eletiva colorretal. 
Métodos: Estudo prospetivo realizado em doentes submetidos 
consecutivamente a cirurgia eletiva intestinal, com resseção 
e anastomose primária entre 01-08-2013 e 31-08-2014, com 
registo dos dados demográficos, das cirurgias realizadas, dos 
potenciais parametros clínicos e analíticos de ILC, da morbili-
dade cirúrgica e do tempo de internamento. 
Resultados: Foram incluídos 139 doentes (mediana 70 anos, 
59% homens). A cirurgia realizada foi predominantemente 
oncológica (100 doentes, 71.9%). A abordagem laparoscópica 
foi realizada em 79 procedimentos (56.8%). A ILC ocoreu em 
27 doentes (19.4%),  com deiscencia de anastomose em 5 
(3.6%) e uma taxa de mortalidade aos 60 dias de 0.7%. A 
utilização de via aberta ou laparoscópica não teve diferenças 
quanto à taxa de ILC. Quando presente, a ILC levou a um 
aumento significativo do tempo de internamento (p=0.01). 
Foram fatores preditores de ILC a dor, leucocitose, neutrofilia, 
hipoalbuminemia e aumento da proteina C reativa (PCR). Na 
análise multivariada apenas se mostraram preditores de ILC 
a elevação da PCR no 1º, 3º e 5º dia de pós-operatório (DPO) 
e a presença de neutrofilia no 5º DPO . Foram encontrados 
como cut-offs ideais da PCR aos 1º, 3º e 5º DPO os valores 
71.99, 96.66 and 142.72 mg/L  (AUC 0.65; 0.81; 0.81). 
Conclusão: O aumento da PCR nos 1º, 3º e 5º dias de pós-
-operatório são os principais preditores de ILC e apresentam 
uma boa acuidade. 
Palavras-chave: Infeção do local cirúrgico; cirurgia colorectal;
fatores preditivos

ABSTRACT
Background: Despite all the scientific and technical progress 
observed in surgery in the last decades, surgical site infection 
(SSI) in colorectal surgery remains high and leads to significant 
implications in clinical outcomes and hospital costs. 
Aims: To assess the rate of SSI and identify predictive factors 
in elective colorectal surgery. 
Methods: Patients submitted to elective intestinal resection 
with primary anastomosis between 01-08-2013 and 31-08-
2014 were prospectively recruited. Patients demographic data, 
surgical procedure performed, potential clinical and analytic 
parameters of SSI, surgical morbidity, and hospital stay length 
were prospectively recorded. 
Results: 139 patients (median age 70 years old, 59% male) were 
enrolled. The most common indication for surgery was colorectal 
malignant disease (100 patients, 71.9%). Seventy-nine (56.8%) 
procedures were performed with laparoscopy , SSI occurred 
in 27 patients (19.4%) with anastomotic leak diagnosed in 5 
patients (3.6%) with a 60-day mortality rate of 0.7%. No diffe-
rence was found in SSI rate between open and laparoscopic 
approaches. SSI led to a significant increase in the length of 
stay (p=0.01). Predictive parameters of SSI in the univariate 
analysis were pain, leukocytosis, neutrophilia, hypoalbuminemia 
and increased of C-reactive protein (CRP). In the multivariate 
analysis only CRP showed to be a significant predictor of SSI at 
the 1st and 3rd postoperative day (POD). At POD5, both increased 
neutrophil count and CRP were predictive of SSI. The optimal 
cut-offs for CRP at POD1, POD3 and POD5 were respectively 
71.99, 96.66 and 142.72 mg/L (AUC 0.65; 0.81; 0.81). 
Conclusion: Increased CRP in the postoperative days 1, 3 and 
5 was the main predictor of SSI with a very good diagnostic 
accuracy.
Keywords: Surgical site infection; colorectal surgery; predictive 
factors
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BACKGROUND
Surgical site infection (SSI) are among the most 
frequent postoperative colorectal surgery com-
plications.1 SSI are also the most common type 
of healthcare-associated infections representing 
21.8% of all infections, along with pneumonia.2 
They entail significant morbidity, high costs, read-
mission, absence from work and mortality. Despite 
scientific and technical progress and institutional 
efforts were successful in reducing SSI, namely 

on colonic and rectal surgery, these consequences 
remain high.3 Several organizations (governmental 
and non-governmental) expend considerable time 
and resources in epidemiologic surveillance and 
clinical research regarding this issue.

Studies and interventions had appropriately fo-
cused mainly  how to reduce the factors that cause 
infection. However, this may be difficult to achieve, 
particularly in colorectal surgery.4  Another way to 
approach this issue, in order to reduce associated 
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morbidity and mortality, is the identification of 
predictive risk factors, mainly the early signs. Early 
diagnosis and treatment of infectious complica-
tions has proven to establish a significant impact 
on clinical and economical outcomes.5

Significant efforts have been made in order to 
identify risk factors of SSI in colorectal surgery.6 
Previously described risk factors include:
• Patient-specific: age;6,7 functional status before 

surgery;6 American Society of Anesthesiologists 
(ASA) class;6,8 increased body mass index (BMI);6, 

8-11 sarcopenia;7 history of chronic obstructive pul-
monary disease,8 smoking,6, 8 alcohol consump-
tion;6 wound class 3/4,8 sepsis,8 corticosteroid 
administration;8 disseminated cancer;12 higher 

glucose level;12 underlying disease;13

• Preoperative: neoadjuvant chemoradiothera-
py;14 hematocrit;6

• Per-operative: open surgery in some studies6, 8, 10 
and laparoscopic in others;15 duration of surgi-
cal procedure;8, 11, 15 ileostomy at the beginning 
of the operation;12 patient temperature < 36°C 
for greater than 60 minutes;12 initial diagnosis 
of inflammatory bowel disease (IBD);15 presen-
ce of an abscess at surgery;11 surgical procedure 
length;15,16 surgeon’s case volume;12 intrao-
perative contamination;10 stoma creation;17 

blood transfusion;12, 18 length of antimicrobial 
administration;19 not using wound protection.10

Nomograms for SSI risk prediction have been 

n TABLE 1  
Patients’ characteristics

All patients
(n=139)        

SSI
(n=27; 19.4%)

No-SSI
(n=112; 80.6%)

p-value

Male sex, n (%) 82 (59.0) 18 (66.7) 64 (57.1) 0.37

Age (years), median (IQR) 70 (58-78) 75 (55-78) 69 (58-78) 0.92

ASA-class, n (%)
I
II
III
IV

5 (3.6)
89 (64.0)
43 (30.9)

2 (1.4)

1 (3.7)
16 (59.3)
9 (33.3)
1 (3.7)

4 (3.6)
73 (65.2)
34 (30.4)

1 (0.9)

0.71

Previous abdominal surgeries, n (%) 53 (38.1) 9 (33.3) 44 (39.3) 0.57

Indication for surgery 
    Malignant disease
    Benign lesions
    Inflammatory bowel disease

100 (71.9)
30 (21.6)
 9 (6.5)

19 (70.4)
6 (22.2)
2 (7.4)

81 (72.3)
24 (21.4)

7 (6.2)
0.97

Surgical approach
    Open
    Laparoscopic

60 (43.2)
79 (56.8)

15 (55.6)
12 (44.4)

45 (40.2)
67 (59.8)

0.15

Procedure
    Ileocecal resection
    Right colectomy
    Left colectomy
    Segmental colectomy
    Total colectomy
    Sigmoid colectomy
    Anterior resection of rectum
    Abdomino-perineal resection
    Entero-colonic anastomosis

8 (5.76)
38 (27.3)
11 (7.9)
10 (7.2)
10 (7.2)

18 (13.0)
33 (23.7)

4 (2.9)
7 (5.0)

2 (7.71)
7(25.9)

0
2 (7.4)

4 (14.8)
3 (11.1)
6 (22.)
1 (3.7)
2 (7.4)

6 (5.4)
31 (27.7)
11 (9.8)
8 (7.1)
6 (5.4)

15 (13.4)
27 (24.1)

3 (2.7)
5 (4.5)

0.63

Operation time (minutes), median (IQR) 180 (150-214) 193 (150-232) 180 (150-210) 0.36

Length of Stay (days), median (IQR) 7 (6-11) 14.5 (10-18) 7 (5-8) <0.001
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proposed including highly statistically significant 
predictors of infection: age, alcohol abuse, ASA 
classification, stoma closure, open approach, BMI, 
and hematocrit.6

The complication signs are the aim of several 
studies, searching for the most sensitive and 
specific ,including those associated with sepsis:
• Clinical: pain, tachycardia and hypotension;

• Analytic: white blood cell count (WBC);11 
elevated C-reactive protein (CRP).11, 20

AIMS
The aim of this study was to evaluate the rate of 
SSI in elective colorectal surgery with primary 
anastomosis and its impact in terms of morbidity 
and length of stay (LoS) , and to identify clini-

n TABLE 2  
Characterization of SSI cases

Patient ID Clavien-Dindo Clavien-Dindo 
3/4/5

SSI Classification Anastomotic 
leak

Surgical 
reinterven-

tion

Percutaneous 
drainage

Radmission 
<30 days - 

reason

Death

1 3a Yes O/S - - Yes - -

8 2 - O/S - - - - -

10 3a Yes O/S - - Yes - -

13 2 - I - - - - -

19 2 - O/S - - -
Intestinal 

obstruction
-

35 2 - O/S - - - - -

36 2 - O/S - - - - -

45 2 - I - - - - -

51 2 - O/S - - - - -

62 3b Yes O/S Yes Yes - - -

63 4 Yes O/S Yes Yes - - -

69 2 - O/S - - - - -

75 5 Yes O/S - - Yes SSI - O/S Yes

77 3a Yes O/S - - Yes - -

81 2 - I - - - - -

90 2 - O/S - - - - -

91 2 - O/S - - - - -

101 2 - I - - - - -

106 2 - I - - - - -

119 2 - I - - - - -

120 2 - I - - - - -

124 2 - O/S - - - - -

135 3b Yes O/S Yes Yes - - -

140 3b Yes O/S Yes Yes - - -

141 2 - I - - - - -

143 3b Yes O/S Yes Yes - - -

149 2 - I - - - - -

Abbreviations: I - incisional (superficial or deep); O/S - organ/space.
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cal and laboratorial parameters with predictive 
value for the diagnosis of these infections. Early 
identification of signs of SSI may enable earlier 
interventions and better results.

METHODS
This prospective study was performed at a ter-
tiary care hospital. Selected patients include 
those who were submitted to elective intestinal 
resection with primary anastomosis between 01-
08-2013 and 31-08-2014 in our tertiary referral 
center. Patients demographic data, surgical pro-
cedure performed, operative findings, clinical 
evaluations and laboratorial results, pathological 
report, morbidity and duration of hospital stay 
were prospectively entered into a computerized 
database. Laboratory values were analyzed based 
on the laboratory range of normality. Clinical and 
laboratorial parameters were recorded in four 
main time moments: pre-operative; 1st, 3rd and 5th 
postoperative day (POD).

Surgical procedures were performed by board 
certified surgeons or by residents under their di-
rect supervision. Standard preoperative antibiotic 
prophylaxis and postoperative thromboembolism 
prophylaxis was performed. Anastomosis were 
performed both manually or stapled accordingly 
the usual clinical practice or personal choice of the 
surgeon. Patients whose surgery was converted were 
considered  as having  an open procedure. Compli-
cations were graded according to the Dindo–Clavien 
classification.21 SSI were defined according to the 
Centers of Disease Control guidelines.22 When clini-
cal or subclinical anastomotic leaks  were suspected, 
the diagnosis were confirmed by imaging study (CT 
scan or WS contrast) or by reoperation. 

For this study we defined two subset of lower 
GI leak: 

clinical minor – presence of luminal contents 
through the drain or wound site causing local 
inflammation, e.g. fever (temperature >38° C), 
leukocytosis (white cell count > 12.000/litre), 
fecal discharge from wound or drain or abscess. 
Leak may also be detected on imaging studies. In 
those cases, prolonged  hospital stay were required 
but without surgical intervention.

Clinical major – the signals and symptons may 
be similar to clinical minor but the presence of a 
severe disruption to anastomosis required surgical 
intervention.

The primary endpoint of this study was to 
determine the most accurate and earliest clinical 
signs and laboratory parameters for the detection 
of SSI. Secondary endpoints were to determine 
SSI rate and its impact in LoS and to compare 
laparoscopic and open approaches relative to SSI. 
The present study was approved by the hospital 
Ethics Committee.

STATISTICAL ANALYSIS
Continuous variables are presented as mean 
(standard deviation) if non-normally distributed 
or; median (interquartile range) if non-normally 
distributed. Categorical variables are presented as 
counts and proportions. Comparison between SSI 
vs. no-SSI groups was performed using χ2 test for 
categorical variables, independent samples t-test 
for normally distributed continuous variables and 
Mann-Whitney U test when the distribution was 
skewed. Friedman test was used to analyze the 
differences in each predictor parameter across the 
various time points after surgery – POD 1, 3 and 5.

A univariate analysis was performed for variables 
potentially associated with SSI. Then, the predictors of 
SSI were assessed using a multivariate logistic regres-
sion with backward variable selection for each POD. 

n TABLE 3 
Surgical site infection according to surgical approach

SSI (27/139; 19.4%) Laparoscopy (n=79; 56.8%) Laparotomy (n=60; 43.2%) p

Incisional infections 4; 5.1% 5; 8.3% 0.683

Organ/space infection 11; 13.9% 7; 11.7% 0.397

Organ/space infection                     
+ anastomotic leak

3; 3.8% 2; 3.3% 0.12

TOTAL 15; 19.0% 12; 20.0% 0.15
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The ability of CRP to discriminate SSI from no-
-SSI patients was evaluated by the receiver operating 
characteristic (ROC) curve and the area under the 
curve (AUC). The optimal CRP cut-off value for SSI 
prediction was estimated using the Youden Index.

Statistical analysis was performed using STATA 
12.1 (StataCorp LP) and IBM SPSS Statistics for 
Windows 22.0 (IBM Corp) softwares. Statistical 

significance was set for p values of less than 0.05. 

RESULTS
A total of 139 consecutive patients submitted to 
an elective colorectal surgery with primary anasto-
mosis between 01-08-2013 and 31-08-2014 were 
identified from a dedicated prospective database 
and enrolled in the present study. Patients cha-

n TABLE 4 
Univariate analysis of each clinical and analytic potential predictor of SSI for each time point 
after surgery (Mann-Whitney U test) and across time points (Friedman test)

Variables P-value
(Mann-Whitney U)

P-value
(Friedman)

Pain
    POD1
    POD3
    POD5 

0.02
0.03
0.10

<0.001

Temperature
    POD1
    POD3
    POD5

0.61
0.26
0.48

0.13

Heart Rate
    POD1
    POD3
    POD5

0.94
0.03
0.06

0.03

Systolic Blood Pressure
    POD1
    POD3
    POD5

0.30
0.19
0.21

<0.001

White Blood Cell Count 
    POD1
    POD3
    POD5

0.12
0.01

0.001
<0.001

Neutrophil Count
    POD1
    POD3
    POD5

0.06
0.003

<0.001
<0.001

Hemoglobin
    POD1
    POD3
    POD5

0.31
0.06
0.07

0.73

Albumin
    POD1
    POD3
    POD5

0.62
0.004
0.014

0.053

C-Reactive Protein
    POD1
    POD3
    POD5

0.021
<0.001
<0.001

<0.001
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racteristics and perioperative course as well as the 
analysis of their relation with the occurrence of 
SSI are presented in Table 1. Most patients were 
male (59%); median age was 70 years old; the 
ASA-class most represented were II followed by 
III (representing together 92.6% of patients); over 
1/3 had previous abdominal surgeries; the most 
frequent indication for surgery was malignant di-
sease followed by benign disease and lastly by IBD 
for which a specific group was created to reflect 
the specificities associated with these diseases. 
No statistically significant differences were found 
between SSI and no-SSI groups regarding gender, 
age, ASA-class, history of previous abdominal 
surgery or indication for surgery.

Regarding the surgical procedure, right colec-
tomy was the most performed surgery followed 
by anterior resection of rectum and sigmoid co-
lectomy. The preferred approach was laparoscopic 
and the overall median operative time was 180 
minutes. There were no statistically significant 
differences between SSI and no-SSI groups re-
garding these variables. Applying Clavien-Dindo 
classification of complications we found: Grade II 
(n=18); Grade III (n=7); IV (n=1); V (n=1). This 
means that 9/27 (grades III/IV and V), i.e. 1/3 of 
complications implied significant morbidity.

SSI occurred in 27 patients (19.4%), of whom 
1 died (0.7%) within 60 days. Most infections 
were organ/space (2/3) rather than incisional 
(1/3) (Table 2). There was no difference in the 
rate of SSI between surgical approaches (19.0% in 

laparoscopy vs. 20.0% in laparotomy) (Table 3). 
Anastomotic leak occurred in 5 (3.6%) patients 
that needed surgical reintervention. Four cases 
of organ/space SSI were drained  by percutaneous 
approach, without need for reoperation, even 
though one needed a second drainage due to 
recurrence after discharge. There was one case 
of mortality due to severe sepsis with conse-
quent multiorganic dysfunction in a patient that 
was admitted in the UCI with concurring intra-
-abdominal abscess, pneumonia and urinary tract 
infection. LoS was significantly higher in the SSI 
group (p<0.001). LoS was significantly shorter 
for the laparoscopic approach [median (IQR) 7 
(5-9) days for laparoscopy vs. 7 (6-14) for open 
surgery, p=0.01]. Two early (<30 days) readmis-
sions occurred due to early intestinal obstruction 
and one recurrence of O/S SSI. 

Predictive parameters of SSI in the univariate 
analysis for each time point after surgery and 
across time points are shown in Table 4. At POD1, 
only pain and CRP were significant predictors 
of SSI. At POD3, pain, heart rate, WBC count, 
neutrophil count, albumin and CRP were all 
predictors of SSI in univariate analysis. At POD5 
clinical parameters lost their significance and only 
laboratory variables such as WBC count, neutro-
phils, albumin and CRP were predictors of SSI 
in the univariate analysis. CRP in SSI and no-SSI 
groups on POD 1, 3 and 5 are shown in Figure 1.

In the multivariate analysis only CRP showed 
to be a significant predictor of SSI at POD1 (OR 
1.11 per 10mg/L increase, 95%CI 1.01-1.22, 

n TABLE 5 
Predictors of SSI at POD5 – Multivariate analysis

Variable OR (95%CI) p-value

CRP (per 10mgL increase) 1.18 (1.08-1.30) <0.001

Neutrophil Count (per 1.0x109/L) 1.36 (1.01-1.82) 0.042

n TABLE 6 
Diagnostic accuracy of CRP at POD1, POD3 and POD5 for SSI diagnosis

CRP Optimal Cut-off (mg/L) Sensitivity Specificity AUC (95%CI) p-value

POD1 71.19 0.84 0.44 0.65 (0.53 -0.76) 0.021

POD3 96.66 0.85 0.58 0.81 (0.71-0.92) <0.001

POD5 142.73 0.65 0.92 0.81 (0.70-0.92) <0.001
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p=0.036) and POD3 (OR 1.15 per 10mg/L in-
crease, 95%CI 1.09-1.22, p<0.001). At day 5, 
both increased neutrophil count and CRP were 
predictive of SSI (Table 5). 

The optimal cut-offs for CRP at POD1, POD3 
and POD5 were respectively 71.99, 96.66 and 
142.72 mg/L, with an AUC respectively of 0.65, 
0.81 and 0.81 (Table 6). CRP cutoffs had the hi-
ghest sensitivity at POD3 (85%) and the highest 
specificity at POD5 (92%). At POD1, the OR of 
SSI for patients with CRP above the optimal cut-
-off of 71.19mg/L was 4.06 (95%CI 1.31-12.63) 
compared to patients with lower levels. At POD3, 
the OR of SSI rose to 7.65 (95%CI 2.45-23.87) for 
patients with CRP above 96.66mg/L. At POD5, 
patients with CRP values above 142.73mg/L had 
a risk of developing SSI 22.67 times higher than 
patients with lower CRP levels (OR 22.67, 95%CI 
6.70-76.67).

DISCUSSION
Colorectal surgery complications are common and 
responsible for the most of morbidity, mortality 
and excess length of stay (LoS) in general surgery 
practice.11, 23 This is supported by our study that 
demonstrated significant morbidity due to SSI and 
increase of LoS. Increased CRP in the postopera-
tive days 1, 3 and 5 was the main predictor of SSI 
with a very good diagnostic accuracy.

Regarding the absence of patients with Grade I 
complications of the Clavien-Dindo classification, 

we can admit the possibility of under-reporting 
these complications because of the occasional 
difficulty of differentiating them from normal 
postoperative course. There were also some few 
cases of wound infections that were opened at 
the bedside, that could be classified as Grade I; 
however the need for additional interventions, 
namely pharmacological, may have upgraded 
them to higher levels of Clavien-Dindo classifi-
cation. Most infections were organ/space (2/3) 
rather than incisional (1/3). This may reflect an 
under registry of simpler complications without 
need for intervention other than bedside drainage. 
The recognition of this bias is actually the basis of 
the principle of grading complications based on 
the therapy used to treat them, as has been pre-
viously stated in the widely used Clavien-Dindo 
classification.21 If invasive techniques are usually 
extensively reported, daily bedside gestures may 
not be taken notice and registered. However since 
Clavien-Dindo grade 1 complications entail mi-
nimal morbidity and need for intervention this 
would have little impact on the overall picture.

 SSI did not significantly differ with the approa-
ch (laparoscopic vs. open), as could be expected, 
in neither incisional or organ/space infection. 
This may be due to reduced sample power or to 
the use of wound protector in open surgery. The 
anastomotic leak rate was also not significantly 
different between surgical approaches supporting 
the safety of laparoscopy.

Even though in univariate analysis clinical pa-
rameters seem to play a role as potential predictors 
of SSI, when analyzed in a multivariate analysis 
their predictive strength was lost and only analytic 
parameters showed relevance, namely: CRP on 
POD 1, 3 and 5; and neutrophil count on POD 5.

WBC and CRP are the most commonly used 
markers of postoperative infectious complica-
tions.11 Some previous studies have shown that 
CRP had a high diagnostic accuracy for the early 
detection of inflammatory complications and 
the accuracy of WBC was significantly lower.24 
Monitoring CRP level in laparoscopic colorectal 
surgery demonstrated a high diagnostic accuracy 
for infectious complications, thus allowing for 
safe and early discharge.11 CRP accuracy has been 
demonstrated both in open25 and laparoscopic sur-
gery11 with different cutoffs having been suggested. 

FIGURE 1. CRP range in SSI and no-SSI groups on POD 1,3 and 5
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These differences depend on the POD studied 
and desired accuracy, i.e., sensibility/specificity 
and positive predictive value (PPV) / negative 
predictive value (NPV). One study describes that 
even though the magnitude of the systemic in-
flammatory response (SIR), as evidenced by CRP, 
following colon surgery had been shown to be 
greater in open than in laparoscopic resection, the 
threshold concentrations of C-reactive protein for 
the development of postoperative infective com-
plications were remarkably similar on POD 3 and 
4 in both approaches.20 CRP value on POD 4 re-
vealed a NPV for infectious complications of 89% 
and allowed safe and early discharge of selected 
patients after colorectal surgery.25 This has been 
later confirmed in one meta-analysis that found a 
NPV of 84.3(80.8-87.3)% but, however, a PPV of 
50.4(46.0-54.8)%.26 The CRP cutoff suggested for 
open surgery was amazingly similar, ranging from 
123-125mg/l, on two different studies.24, 27 Regar-
ding laparoscopic surgery one study suggested a 
cutoff of 56mg/l for a diagnostic accuracy of 78%.11

In this study CRP optimal cutoff value in-
creased with time and this was accompanied by 
increasing odds ratio. By POD 5 the OR peaked 
and reached 22.67 what is in accordance with the 
expected lowering of CRP after 48h of the surgical 
insult if no infectious complication is associated.

LoS was significantly shorter for the laparosco-
pic approach. Since the groups proved compara-
ble, this is probably related to other well-known 
benefits of laparoscopy such as pain control time 
to first defecation, resumption of diet.28

As expected, need for surgical reintervention 
was more prevalent in the SSI group. Hospital 
Length of Stay (LoS) was also significantly longer 
in the SSI group.

CONCLUSIONS
The rate of SSI in colorectal surgery remains high 
and implies a significant increase in the LoS in these 
patients as well as in the need for reintervention. 
The main predictor of SSI in this study was the 
elevated CRP as early as at POD1, supporting the 
routine use for early detection of complications.  n
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